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Mining is evolving — becoming more efficient and responsible than ever before.
As the industry plays an increasingly crucial role in securing regional and inter-
national self-sufficiency, it’'s more important than ever to lead this transformation.

At Ramboll, we combine global expertise with local insight to support you on
that journey. Our multidisciplinary teams provide expert guidance in impact
assessments, permitting, infrastructure, industry, and strategic planning —
enabling your operations to be resilient and deliver long-term value.

Let’s meet at FEM 2025 — Booth C16, or get in touch with us:

Aki Ullgren

Project Manager, Mining
Finland and Scandinavia
+358 50 3430034
aki.ullgren@ramboll fi
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William Monette

Senior Project Manager, Geotechnical/Geoenvironmental Engineering
The Americas

+1 315-708-9766

william.monette@ramboll.com

Together, we'll build future-ready mining — balancing operational
excellence with environmental care to create lasting impact.

www.ramboll.com

Bright ideas.
RA M B LL Sustainable change.




GRM-services Oy

GEOPHYSICAL AND ROCK MECHANICAL SERVICES

Malminetsintiageofysiikan ammattilaiset palveluksessanne

www.grm-services.fi

Liity matkaamme
kohti kiertotaloutta

Raaka-aineiden
tehokkaaseen kayttoon
perustuva kiertotalous
on yksi Nordkalkin
strategian tarkeimmista
painopistealueista.

Nordkalk
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LUKIJALLE

Dear reader!

You are holding in your hand the fourth issue of the MA-
TERIA-journal. MATERIA is the official publication of
The Finnish Association of Mining and Metallurgical
Engineers (Vuorimiesyhdistys-Bergsmannaforeningen
r.y.). The Finnish Association of Mining and Metallur-
gical Engineers has been the official media partner for
the FEM-conference for over a decade, and due to the
partnership, this issue is being handed out at the FEM 2025
conference and exhibition. As the event is highly international,
we decided with the editorial staff to make this issue more suitable
for the international participants of the conference. A careful reader will notice that this
time we have quite a lot of articles in English. As a part of the partnership, the next issue
of MATERIA-journal will contain the conference report.

In addition to international content, the issue contains also other articles from the
area of mining and metallurgy as well as the regular columns of the journal.

Hyva lukija!

Kédessdsi on MATERIA-lehden vuoden neljas numero. MATERIA on Vuorimies-
yhdistyksen jasenlehti. Vuorimiesyhdistys on toiminut FEM-konferenssin (Fennoscandian
Exploration and Mining conference) virallisena mediapartnerina jo ainakin vuosikym-
menen. Osana titd yhteisty6td tama lehti jaetaan FEM 2025-konferenssin osallistujille.
Koska tapahtuma on kansainvilinen, paitettiin lehden toimituksessa tehdi tésté jul-
kaisusta paremmin kansainviliselle osallistujakunnalle soveltuva. Tarkkaavainen lukija
varmaan havaitseekin lehdessd olevan runsaasti englanninkielisté siséltoa. Kuten tapana
on ollut, julkaistaan seuraavassa MATERIA-lehdessi artikkeli konferenssitapahtumista.

Luonnollisesti lehdessd on myos vakiopalstat ja kattavasti siséltéd eri puolilta
vuoriteollisuutta. A

FRISCO

Artikkelien aineistopaiva ja limoitustilavaraukset  [Imestymispaiva/ lImoitusmyynti / Ad Marketing

Article and Booking ads deadline Published DI Satu Honkanen, Tmi SatUp
M5 10.11. 19.12. 0405602926

M1 27.1. 6.3. satulhonkanen@gmail.com
M2 30.3. 8.5.

M3 1.6. 10.7.

M4 14.9. 23.10.

M5 9.11. 18.12.
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Right Chemistry - Always

Algol Chemicals is a Finnish chemical
distributor with the expertise you need
to meet your specific requirements.

xanthates | frothers | copper sulphate |
zinc sulphate | sodium metabisulphite | cyanide |
packed base chemicals for water treatment
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YMPARISTO- JA :
PATOTARKKAILUJARJESTELMA

DATA JA DOKUMENTIT SAMAAN JARJESTELMAAN

Automaattisten ja manuaalimittausten data
Rajapinnat eri tietoldhteiden valilla

REAALIAIKAINEN MITTATIETOJEN HALLINTA

Datan visualisointi, analysointi ja jatkojalostaminen
Halytykset sallittujen raja-arvojen ylittyessa

AUTOMATISOITU RAPORTOINTI

Viikko-, kuukausi- ja vuosiraporttien automatisointi
Manuaalisten ty6vaiheiden minimointi

www.finmeas.com
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Materia FEM 2025 Editorial

The Fennoscandian Exploration and Mining Conference (FEM) has taken its place as one of the
most important events in the mining industry. It is more popular than ever, and it was sold out
before the end of August.

Mineral exploration is the foundation of the mining industry and the first step in the whole
value chain. Without exploration there would not be new discoveries and mines, and the metals
and minerals that fuel our societies would remain in the ground. As the world accelerates toward a
low-carbon future, the role of exploration has never been more critical. The energy transition, space
technology, and increased inputs in the defence industry depend on securing reliable supplies of
critical and strategic minerals. The solution begins with exploration.

Consequently, significant EU and national funding instruments and grants should be direct-
ed for early-stage exploration. In addition, regional modern high-resolution geophysical and geo-
chemical surveys are needed, and existing geodata should be freely available.

At the same time, the exploration sector is confronting a unique set of challenges. Statistics in-
dicate that discoveries are becoming ever harder to make. Geoscientists must search deeper, un-
dercover, and in frontier regions that require new geodata, new technologies, new models, and new
partnerships. This is driving a wave of innovation: machine learning applied to geoscience data,
advanced geophysical tools, and sophisticated geochemical methods that can detect subtle signals
of mineralization. These topics will also be presented at FEM 2025.

However, innovation on its own is not enough. The industry must also meet rising expecta-
tions for environmental stewardship, social responsibility, and governance. Investors, regulators,and
communities alike are demanding higher standards of sustainability. Exploration and mining com-
panies are responding by reducing their carbon footprints, adopting renewable energy in remote
projects, and embracing circular economy concepts. Perhaps most importantly, there is a growing
emphasis on building respectful, mutually beneficial relationships with local communities which
is now as essential as the geology itself.

Another key priority is the future of the workforce. As the demand for critical minerals grows,
so does also the need for skilled geoscientists, engineers, and technicians. Attracting young talent
into the sector is vital, particularly as experienced professionals retire.

The FEM 2025 conference brings all these threads together. It is a forum for sharing knowledge,
showcasing innovation, and building the partnerships that will define the future of exploration
and mining. By connecting prospectors, researchers, industry leaders, investors, service providers,
regulators and government representatives, we create the conditions for discovery and responsi-
ble development.

The challenges before us are significant, but so are also the opportunities. The active exploration
and mine development in Fennoscandia will determine not only the future of the mining industry
in the region. They form also an important part of energy transition, mineral resource security as
well as of the national security of supply and defence. This conference is more than a meeting—it
is a chance to shape that future together. A

IAIN HENDERSON, TERO NIIRANEN, JUHANI OJALA

Tero Niiranen

PRy v

Juhani Ojala
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itanium is one of the strategically

most important raw materials of

our time. Classified by NATO, Eu-

ropean Union, USA, and several
other countries as a critical and strategic met-
al, titanium is crucial in industries ranging
from aerospace and defense to construction
and healthcare. At present, the European
Union operates no active titanium mines,
leaving the continent heavily dependent on
imports from Asia and Africa. This depend-
ency represents not only an economic vul-
nerability but also a strategic risk, particularly
in the light of increasing global competition
for secure supply chains.

Titanor Oy, a Finnish company based
in Kokkola, is developing one of the most
extensively studied and advanced titanium
projects in Europe. The ilmenite deposit un-
der Titanor is not a new discovery - it has
a history spanning more than five decades.

A Project with Deep Roots

The ilmenite deposit was first discovered
in 1971 through regional aerogeophysics.
Systematic exploration was carried out by
the Geological Survey of Finland (GTK) be-
tween 1992 and 1997, followed by project de-
velopment under Kalvinit from 1997 to 2012.
During this period more than 25 kilometers
of core drilling were completed, alongside
test mining of 23 000 tonnes and pilot-scale
processing of ilmenite concentrates.

A scoping study in 2012, prepared by
Stantec (former Engenium), confirmed the
technical and economic potential of the re-
source, outlining an open-pit mine produc-
ing 1,6 million tonnes of ore per year, with
an underground option available. At planned
full scale, the mine would produce 250 000
tonnes of ilmenite concentrate annually—
equivalent to over 10% of EU demand—and
an additional 50 000 tonnes of iron concen-
trate, with a mine life exceeding 20 years.
Today, Titanor has assumed full ownership
of the project and is advancing it toward
construction.

8 MATERIA4-2025
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Geological Foundation
Titanor’s ilmenite project is located in West-
ern Finland, about 75 kilometers from the
Kokkola Industrial Park, and within five
kilometers of the national highway grid.
This infrastructure provides an all-weather
connection to the Port of Kokkola, ensuring
efficient logistics for future exports.
Geologically, the project sits within the
Central Finland granitoid complex, a Paleo-
proterozoic domain dating back 1,9 billion
years. The mineralization occurs within lay-

N Kokkola
-Uropes

Critical Tritanium

Titanor board Markus Ekberg (left),
Harri Takanen and Mikko Sopanen visit
at Titanor project’s drill core archive.

ered gabbro intrusions that host ilmenite-mag-
netite ores. Five distinct mineralized intrusions
have been delineated so far, each ranging from
0,5to 1 km in width and 1-3 km inlength. The
ores occur in both massive and disseminated
layers, while post-emplacement faulting and
dyke intrusions have shaped the structural ge-
ology of the deposits. This robust geological
framework underpins Titanor’s confidence in
the long-term viability of the resource.

Titanium Market Dynamics and
Rising Demand

Titanium and its derivatives are in growing
demand worldwide. Titanium metal is prized
for its strength, light weight and corrosion
resistance, making it indispensable for aer-
ospace, defense and medical implants. Even



more significant is titanium dioxide (TiO,),
the pigment used in paints, coatings, plastics
and packaging, as well as in sunscreens and
industrial coatings.

Global demand is expected to grow at
a rate of 4-8% annually through 2035, ex-
panding the market from $12 billion today
to $21 billion. Drivers include urbanization,
construction and the expansion of aerospace
and defense industries. For the EU, where
consumption is high but domestic produc-
tion limited, projects like Titanor are essen-
tial for securing future supply.

Ilmenite prices reflect this tightening
market. Over the past decade, prices have
more than doubled, rising steadily from
around $150 per tonne in 2015 to $330-360
per tonne in 2025. With supply constrained
and demand rising, analysts expect further
upward pressure.

limenite By-Products Enhance Value
Processing ilmenite yields more than titani-
um dioxide. Titanor’s project also envisions
the production of iron concentrate and iron
sulfate (FeSO,). The latter is increasingly used
in water treatment and purification, waste-
water management and as a soil amendment
in agriculture. As demand for sustainable
environmental solutions grows, iron sul-
fate represents a significant value-added
by-product of ilmenite.

Titanor is also exploring apatite recov-
ery for fertilizers and use of country rock
for construction materials, reducing both
the project’s footprint and the EU’s reliance
on imported raw materials.

Titanor Path Forward

Titanor is now entering a new phase of devel-
opment that will include several key activities.
First,an Environmental Impact Assessment
(EIA) will be carried out, covering multi-sea-
sonal ecological surveys as well as social
and health impact assessments. In parallel,a
feasibility study will be undertaken, focusing
on updating JORC models, refining the mine
design and evaluating projected costs.

The company will also advance develop-
ment projects, including research on by-prod-
uct opportunities in apatite and the sustain-
able use of country rock materials. Titanor
will develop its commercial strategy, work-
ing with industrial partners and progressing
customer offtake agreements.

Strong Leadership and Local
Ownership

Behind Titanor is a leadership team with
deep expertise in mining and finance. Mark-
us Ekberg, MSc Geology, founder and Chair-
man of Titanor, brings decades of interna-

MATERIA4-2025 9
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Kalle Harkki appointed as the new
President and CEO of VTT Technical
Research Center of Finland

octor of technology Kalle Harkki has a strong background
in research and management in the mining and metallurgi-
calindustry in Finland and globally. He started as the new
President and CEO of the largest and most wide-ranging
technological research institute in Finland, VT'T on August 13™,2025.
Materia-journal visited VI'T to interview the new CEO and to get an
insight into his feelings and visions on the new task.

Personal viewpoints
On the day of the interview the new CEO of VI'T met us in one of
the meeting rooms on the first floor of VI'T headquarters. Earlier
on the same day he had received the title of professor belonging to
his new position. He was very enthusiastic about his new task and
felt like coming home to VT'T as research organization environment
and Otaniemi, Espoo are so familiar to him.

VTT is a comprehensive research organization with a wide range
of fields of expertise. The wide experience of the new CEO in the

rape
% .

I o

VTT’s new President and CEO Dr.Tech. Kalle Harkki

Curriculum Vitae

Kalle Harkki

Nationality: Finnish

Year of Birth: 1969

Place of Birth: Otaniemi, Espoo

Education
1997 Helsinki University of Technology

Doctor of Science, Metallurgy/
Material Science

1993 Helsinki University of Technology

Master of Science, Metallurgy/
Material Science

Work experience

08/2025-
VTT Technical Research Centre of Finland Ltd./CEO

Board memberships in several SME industry companies.

10/2021 to 08/2025
Resand Oy /CEO

11/2016 to 06/2020
Outotec Oyj / Executive Vice President
- President of Metals, Energy & Water Business Unit

06/2013t011/2016
Outotec Oyj / Executive Vice President
- President of Minerals Processing Business Unit

04/2010t0 06/2013
Outotec Oyj / Executive Vice President
- President of Services Business Area

11/2008 to 04/2010
Outotec Oyj / Senior Vice President - Services and After
Sales

07/2005 to 12/2008
Outotec Research Oy /CEO

01/2003 to 07/2005
Outokumpu Oyj/ Manager -Sales and Marketing

01/2001 to 01/2003
Outokumpu Oyj / Manager - Production

02/1998 to 01/2001
Outokumpu Oyj / Development Manager - R&D

Hobbies
Triathlon, golf, cottage vacation
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management of both research organizations
and international enterprises helps to adopt
the new role. The work environment differs
from the earlier ones, because the guidance
of the state-owned company comes from the
ministry. It will be interesting to see, how de-
cision making goes in this system.

When asked about his personal observa-
tions after a couple of days he told he felt like
a conductor put ahead of the symphony or-
chestra with the baton in his hand but without
any preparation, as there are several impor-
tant things going on in the organization and
it's like jumping in a moving train. In VTT the
number of both domestic and international
operators is high, and the political sector has
also to become acquainted. EU- dimension
brings along its own interesting opportunities.

Target in technology leaps

and advanced ecosystems

VTT aims to foster significant technology
leaps with the greatest possible impact to
enable the prosperity and growth of Finland.
The priority areas of research are related to
both systemic and technological global chal-
lenges as well as to technological and societal
turning points.

Currently VTT concentrates on working
on eight globally significant challenges. In sys-
temic side carbon neutrality, productivity leap
and the resilience of society are important re-
search areas. In technological side VTT fosters
quantum technology leap, super-performing
materials, superior digital systems and the utili-
zation of synthetic biology and energy technol-
ogies. Especially in quantum technology VT'T
sees many potential development areas, and
the aim is to create a forerunner ecosystem,
Finnish Silicon Valley, in this area.

The research lives in time and during its
80-year existence VT'T has always focused on
solving problems related to societal, techno-
logical, industrial and business challenges and
turning points. The requisites of the world and
enterprises change. This autumn VT'T is start-
ing the process for creating a new strategy to
clarify how it can help its customers to renew
their business and to become forerunners in
advanced and efficient ecosystems. The work
starts by surveying the greatest current and
future challenges.

In global scale particularly technolo-
gy-based growth companies have created
economic growth and enhanced productiv-
ity. Finland has special competence in many
disruptive technology areas and VT'T wants
to be involved in strengthening the prowess
of these areas. Examples are, e.g., quantum
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technologies, semiconductors and microe-
lectronics, health technology, defense and du-
al-use technologies as well as bio- and space
technologies.

VTT is a limited liability company
that is fully owned by the Finnish
state
VTT was incorporated ten years ago and is
still a fully state-owned company. This com-
pany form is fit also for research depending
on goals. It allows commercial operations
and enables the real corporate structure.
Company form also sets the legal framework
for company management, as the tasks of the
board of directors and of the operative man-
agement are defined in the law. Company
form also facilitates international activities.
The financing of VTT (296,4 M€ in 2024)
consists of government subsidy (ca 33%),
contested public co-financing (ca 41%) and
commercial research (ca 23%). The govern-
ment subsidy is mostly used as self-financing
share in domestic or international research
projects. About one half of the business comes
from international collaboration.

Challenges and possibilities
VTT sees that the greatest and future chal-
lenges can be tackled, and this brings busi-

ness opportunities for companies as well
as opportunities for the country to grow.
Economic growth in Finland requires both
renovation of the traditional industry and
creation of new technology-based growth
areas. Without RDI (Research, Development
and Innovation)-collaboration no growth
can be obtained. VTT believes that RDI is
the key for companies to renew and grow
and sees great growth opportunities in the
challenges it is seeking solutions to.

VTT sees that wide collaboration and
ecosystem with companies, universities and
research institutes are the key in solving
massive challenges. VTT is a significant
partner in creating together with collabo-
rators effective technology innovations and
solutions, which bring sustainable growth to
enterprises and society, and prosperity to
Finland. The collaboration of all interested
parties is a big possibility, and internation-
ality has a big role in this. The challenges are
so great that no one can solve them alone.

VTT as a societal influencer

The aim of VTT is to help the Finnish so-
ciety to renew. As a sovereign and unbiased
research institute the task of VTT is to pro-
mote the utilization and commercialization
of research and technology in business and

VTT Technical Research Centre of Finland in numbers

(year 2024)

Founded in: 1942 (with the Finnish name Valtion teknillinen tutkimuslaitos)

Current company form: State-owned limited liability company

Number of employees: 2 386, of which:

- 87% with university degree

- 32% with doctorate or licentiate degree

- 60 different nationalities

Number of customers: 1 105, of which 940 domestic and international private

sector customers
Total revenue: 296 M€, of which:

- net turnover 190 M€, of which 49% from abroad

- government grant 95 M€

- other operatingincome 11 M€
Result of the financial year: 2,8 M€
Equity ratio: 75,2%
Number of scientific articles: 598
Number of invention notices: 233
Number of spin-offs: 3, totally over 50
Patent families: 457

Greenhouse gas emissions: 5 612 CO, equivalent tons



Examples of spin-offs originated in VTT:

Spinnova: Produces durable and sustainable textile fibers from wood or waste.

EniferBio: The future of soya free aquaculture is waiting just behind the corner.
EniferBios PEKILO® P65 is sustainable fish food used in aquaculture.

Volare: Makes circular thinking a part of lipids and proteins production. Produc-
es high quality ingredients for feed, pet food and cosmetics.

Solar Food: Transforms green electricity and captured carbon dioxide into edible

calories.

CooliBlade: Supplier of thermal management solutions for the most demanding

applications of high power electronics

OnegoBio: Epochal biotechnological company producing animal-free pro-

tein-protein via precision fermentation

Infinited Fibre: Transforms cellulose-containing waste into new and versatile

textile fibers

The Warming Surfaces Company: Superfast, super thin and light digital heating
technology, which transforms the surfaces of our habitat into smart heating sur-

faces

Carbonaide: The technology developed by this company enables the production
of carbon dioxide neutral or even carbon dioxide negative high durability

concrete

Paptic: Produces fiber based and recyclable material for replacing plastic

packages

Semiqon: Develops quantum processors for the era of millions of qubits

Steady energy: Revolutionizes the energy landscape via carbon free technology
and LDR-50 nuclear reactor for district heating

society. In close collaboration with private
sector and other research organizations
VTT promotes the ability of its custom-
ers to create and upscale innovations and
grow sustainable business. VTT also helps
domestic partners to get involved in inter-
national networks. Start-ups create new
growth companies and economic growth.
Deep-tech startups have an increasing role
in creating growth overall, and VTT plays
an important role in that area, as well.

Spin-offs and start-ups
VTT generates new deep-technology com-
panies in growth areas. All together over 50
new spin-off companies have been founded
thus far. VTT stays as an owner of its spin-
off companies. During the years 2020-2024
31 spin-off companies originated in VTT
accessed 10,5% of the total venture capital
collected by all Finnish start-up companies.
VTT LaunchPad is a business incuba-
tor which commercializes VIT s research
and technology into spin-off companies by
bringing together VIT s researchers and
IPR-knowledge, best business competence
and financiers. In 2024 Financial Times in-

cluded VT'T LaunchPad in its list of leading
European business incubators.

Internationality has a big role
Research is international by nature. Of the
annual turnover of VIT 49% comes from
abroad. VTT is actively involved in EU"s
research projects and is, e.g., on 15" place
among the 21 800 research operators getting
money from EU.

Finland and VTT need international ex-
perts and currently the about 2 400 persons
employed by VTT represent 60 different na-
tionalities. The network of international cus-
tomers and associates is extensive.

Internationality brings along possibil-
ities to increase commercial activities and
to develop and strengthen capabilities. By
participating in substantial projects VI'T
develops its own expertise and looks for
the best talent in international experts. The
financial yield generated by international
collaboration is used for own research and
infra development.

The importance of technologies and
RDI as tools in geopolitical and economi-
cal competition has increased. In the current

geopolitical situation the RDI actors must
carefully assess, which candidates can be
considered as reliable partners.

Universities are significant partners
Universities are important for VIT, e.g.,
from the recruiting viewpoint. When pur-
suing for the future success of Finland we
should think of the whole ecosystem via
developing and increasing the expertise
in universities, research institutes and in
companies.

The central aim of the national RDI
policy is to increase, develop and confirm
the collaboration through the whole Finn-
ish RDI system. VTT has strategic partner-
ships, e.g., with Aalto university. In collab-
oration the common utilization of research
and technology infrastructures is important,
and this must be further fostered.

Universities play a role in the basic re-
search for revealing and understanding the
backgrounds of different phenomena and
developing expertise in this area. The task
of VTT is to carry out applied research for
developing further the ideas coming from
the basic research and for enhancing the
maturity of technologies to make them us-
able in business life.

VTT plays a significant role in increas-
ing the readiness and maturity of ideas and
technologies between the basic research and
companies over the “Death Valley”. There
the risks and investments are high, as the
new solutions and technologies are tested
and scaled for ensuring their usability in
real life and business. By offering expertise,
infrastructure and collaboration networks
VTT helps researchers and companies to
cross over this stage and to become fore-
runners in their own areas.

Kalle Harkki is slightly concerned about
the domestic development of expertise. It is
essential to highlight the importance of ex-
pertise created at higher education levels. It
is also a question of resilience and security
of supply. The positive competence develop-
ment must be started already in elementary
school by increasing the role of basic skills
in mathematics, physics and chemistry in
education that forms a strong base for ex-
cellence already from the start.

To find the needed experts VIT must
look also abroad. The competition for ex-
perts is heavy especially in niche areas like
quantum technology. The reputation of VIT
as an employer has developed positively
and VTT gets good applicants for its open
positions.
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VTT and the mining and
metallurgical industry

Many technologies which are strongin VI'T
are also applicable in mining and metallur-
gical industry. Especially the cross-discipli-
nary expertise of VI'T is here important.
In some specific areas like filtration and
hydrometallurgy VTT has developed its
own comprehensive expertise.

During the last years VI'T has invested
strongly in mining research and develop-
ment. Three years ago a new research pro-
fessorship was established in the research
area Circular Economy of Energy Metals.
Circular economy, utilization of side streams
in mining industry and hydrometallurgy are
the central research areas, and the aim is to
study the material streams as comprehen-
sively as possible.

VTT develops solutions enabling the pro-
duction and recycling of metals and miner-
als from more challenging ores and surplus
materials by more sustainable ways than the
current practices. Closing the material cycles,
efficient processes, new raw materials and the
materials designed for a specific purpose are
the tools under development. The research
concentrates on technologies maximizing
the value of raw materials.

LUMO

ANALYTICS

CEO Kalle Harkki is familiangwith
the research world.

An interesting example of the diversity
of materials research in VT T is our Integrat-
ed Computational Materials Engineering
(ICME) concept VTT ProperTune®. Using
advanced multiscale modelling we can cre-

ate microstructurally accurate materials and
loads under realistic conditions. VTT Prop-
erTune® can be used for tailoring, developing
and optimizing materials for specific uses:
wear parts in mining and ore processing,
battery materials for electric vehicles, etc. It
can replace expensive, time-consuming test-
ing and shorten the development time by an
average of 50% while cutting the development
costs by the same amount.

The research mentored by VT T and bet-
ter recovery of metals create investments and
new business possibilities for technology
developers, material producers and users. A
good example of this is the spin-off Hyper-
mine Oy established in 2025. Its hyperspec-
tral ore identification sensor developed by
VTT can hundredfold the accuracy of de-
cision making, increase profits by 10% and
reduce the use of water and energy.

Finally

When asked what the new CEO of VIT
would like to say to the readers of Mate-
ria-journal, the answer is short, sharp and
to the point: Let Finland rise! A

TEXT: TUOMO TIAINEN
FOTOGRAPHS: LEENA K. VANHATALO

New category

in industrial dust control

The flow-dynamic dust separat
is available for operating lease: %

From Drill Core to Data — Instantly

Both elemental and mineralogical analysis
with fast data and high resolution images.

Meet us at
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Engineered by AFRY

We deliver a full range of consulting and
engineering services to help mining and metals
companies in shaping and developing their
ideas and concepts into technically, financially
and environmentally sound solutions.

We have a strong Nordic engineering heritage:
Building on three decades of project design
and implementation expertise in mining,
mineral processing, and metallurgical projects
around the world. As engineers and consultants,
we accelerate the transition towards future
mining & metals.

AFRY is committed to following mining and
metals industry principles targeting to minimise
negative environmental, social, and economic
impacts associated with mining and minerals
processing activities. It promotes resource
efficiency, minimising waste, and embracing
recycling and circular solutions.

Welcome to meet us at the exhibition stand in
the Fennoscandian Exploration and Mining
conference (FEM) in Levi, Finland on 28 — 30
October 2025.

MATERIA4 -2025 15



L

lenkestavat

vuorausrakenteet metallien

Ve

etallien valmistaminen ja ylei-
sesti korkealampdtilaprosessit
vaativat tulenkestévia materiaa-
leja suojaamaan prosessin eri-
laisia rakenteita. Raudan, terdksen ja muiden
metallisulien késitteleminen ei ole mahdol-
lista ilman tulenkestévié vuorauksia. Tulen-
kestdvat materiaalit tyypillisesti méaritellaan
materiaaleiksi, jotka séilyttavit fysikaalisen
muotonsa ja kemiallisen koostumuksen-
sa korkeissa lampétiloissa. Materiaalin on
kestettdvé vahintdaan 1500 °C:n ja tulen-
kestidvin eristysmateriaalin vihintdan 800
°C:n lampatilaa. Kemiallisesti tulenkestévit
materiaalit jaetaan kahteen paidryhmain
runkoainemateriaalinsa perusteella: alu-
miinioksidi- ja magnesiumoksidipohjaisiin
materjaaleihin. Runkoaineiden liséksi tu-
lenkestévit materiaalit sisaltavét tyypillisesti
myo6s sideaineita, lisdaineita ja huokosia.
Téssd artikkelissa avataan hieman, millaisia
erilaisia tulenkestdvid vuorausmateriaaleja
prosessikohteissa kiytetdan.

Tulenkestivilla materiaaleilla on erilaisia
kéyttomuotoja, jotka voidaan jakaa kolmeen
padryhmadn:

o Tiilet
+ Massat ja rakenneosat

(ts. monoliittiset materiaalit)
o Eristysmaterijaalit

Metallien valmistuksen prosessikohtei-
siin valitaan tulenkestavéd vuorausrakenne,
joka koostuu yhdesti tai useammasta edella
mainitusta kdyttémuodosta. Usein vuoraus-
rakenne sisiltdd useampia kerroksia, joista
jokaisella on oma tehtdvinsd. Vuorausko-
konaisuuden valinta vaatii syvéllista materi-
aali- sekd prosessituntemusta. Tulenkestavid
materiaaleja kuluttavat kemialliset, termiset
ja mekaaniset rasitukset, jotka kaikki tulee ot-
taa huomioon kestévin ja turvallisen raken-
teen aikaansaamiseksi. Metalleilla on usein
tarkat puhtausvaatimukset, jolloin tulee tun-
tea vuorausmateriaalien vaikutukset metallin
puhtauteen. Lisaksi tdytyy ottaa huomioon
prosessikohtaiset materiaalien asennukseen
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liittyvit vaatimukset. Tallaisen kokonaisuu-
den suunnittelu vaatii tyypillisesti tiivistd yh-
teistyGtd tulenkestédvien materiaalien valmis-
tajan ja metallinvalmistajan vélilla. Kuvassa
I on esimerkki senkkavuorauksen useam-
man komponentin vuorauskokonaisuudesta.

Kuva 1. Senkkavuorauksen
monikomponenttikokonaisuus
kuvattuna skemaattisesti

Tulenkestévéssd vuorausrakenteessa su-
laa metallia vasten on kulutusvuoraus, jonka
tehtdvdni on toimia mahdollisimman inert-
tind kerroksena sulaa metallia vasten sekd
kestad sithen kohdistuvat rasitukset vauri-
oitumatta. Kulutusvuoraukseen kohdistuu
termisind rasituksina merkittavin korkeita
lampétiloja sekd voimakkaita limpdshokke-
ja, kun esimerkiksi sulaa kaadetaan kisitte-
lyastiaan. Vuorauksen laht6kohtainen lam-
patila voi olla merkittavasti sulaa alhaisempi.
Mekaanisina rasituksina kulutusvuorauksen
taytyy kestdd sekd sulan kaadoista aiheutuvia
iskuja ettd metallisulien virtauksien aiheut-
tamaa eroosiota. Kemiallisia rasituksia ovat
esimerkiksi reaktiot sulan metallin, kuonan,
kaasujen tai atmosfédrin kanssa. Kulutusvuo-
raukseen kohdistuvat vuorauskokonaisuu-
dessa suurimmat rasitustekijat, jolloin sen
materiaalin ja valmistusmenetelman valinta
muodostuvat rakennetta ajatellen kriittisim-
miksi. Kulutusvuoraus on vuorauskokonai-
suuden komponentti, joka haastavien olo-
suhteiden takia kuluu eniten ja joudutaan

Imistusprosesseissa

vaihtamaan tai korjaamaan ensimméisend.
Tyypillisesti kulutusvuorausmateriaalit koos-
tuvat korkealuokkaisimmista tulenkestévistd
raaka-aineista. Materiaalilla on tyypillises-
ti erittdin korkea tulenkestivyys ja korkea
kuumalujuus.

Useammasta komponentista koostuvas-
sa vuorausrakenteessa kulutusvuorauksesta
seuraava kerros on tyypillisesti taustavuoraus.
Taustavuorauksen rasitusvaatimukset ovat
merkittavasti kulutusvuorausta alhaisemmat,
jasen tehtdva on toimia turvakerroksena, jo-
ka pystyy kestdméin sulaa vastaan, mikali
kulutusvuoraukseen aiheutuu vaurioita, ja
metallisula péadsee tunkeutumaan sen lépi.
Lahtokohtaisesti taustavuoraus ei kuiten-
kaan joudu sulakontaktiin. Toinen tausta-
vuorauksen merkittavi tehtavd on limmon-
eristavyys. Taustavuoraus huolehtii omalta
osaltaan prosessin lampotaloudesta estien
kulutusvuorauksen laimmonhukkaa, jolloin
myo0s sulasta metallista limpod padsee kar-
kaamaan mahdollisimman vihén. Taustavuo-
raukset kestavit prosessissa usein pitkddn ja
taustavuorauksen elinkaaren aikana vaihde-
taan tyypillisesti yksi tai useampi kulutusvuo-
raus. Materiaaliteknisesti taustavuorauksel-
ta vaaditaan kulutusvuorausta alhaisempaa
tulenkestavyyttd ja lujuutta, mutta niiden on
oltava kuitenkin sellaisella tasolla, ettd ne kes-
tavat mahdollista hetkellistd sulan metallin
kontaktia vastaan.

Taustavuorauksesta seuraava ja yleensé
viimeinen vuorauskerros on prosessiastian
metallivaippaa vasten oleva eristysvuoraus.
Eristysvuorauksen tehtdvina on nimensi
mukaisesti estdd prosessista aiheutuvaa ldim-
monhukkaa eli pitdd astian sisalld olevan
metallin ja vuorauksen ldmpétila mahdol-
lisimman korkeana ja stabiilina. Eristysvuo-
rausmateriaalit ovat yleensi tiilig, villoja ja
kuituja, joilla on alhainen limménjohtavuus
jakorkea huokoisuus. Eristysmateriaalit eivét
kesta korkeita ldmpotiloja, joten eristysvuo-
raus ei kestd kontaktissa metallisulaa vastaan.

Erilaisten vuorauskerrosten lisaksi vuo-
rauksia paikkaillaan usein erityyppisilld kor-



jausmateriaaleilla, joiden tehtévé on paikata
vuoraukseen aiheutuneita koloja ja kulumia.
Korjausmateriaali on tyypillisesti koostumuk-
seltaan lahelld korjattavan pinnan materiaa-
lin koostumusta. Merkittavé tekijd korjaus-
materiaalin toimivuuden kannalta on oikean
asennustavan valinta. Erilaisia asennustapo-
ja ovat esimerkiksi valaminen, ruiskuttami-
nen ja slammaaminen. Valintaan vaikuttavat
korjattavan kohteen olosuhteet, sijainti sekd
kiytettavissd oleva laitteisto. Korjaamista
voidaan suorittaa prosessista ja materiaa-
leista riippuen joko kuumaan tai kylmaén
pintaan. Tyypillinen korjauspraktiikan on-
gelma on, ettd korjaukset kestdvit tyypillisesti
prosessiolosuhteissa tavalliseen vuoraukseen
nihden verrattain heikosti. Korjausten avulla
on kuitenkin mahdollista pidentda vuoraus-
kampanjoiden pituuksia. Korjausmateriaalien
kiyttotarvetta ja korjaamisesta saatuja hyoty-
jé tulee arvioida prosessikohtaisesti. Kuvassa
2 on esimerkki senkan kulutusvuorauksen
korjaamisesta ruiskuttamalla.

Tulenkestévin vuorausrakenteen suun-
nittelu vaatii prosessin, materiaalien ja niiden
vélisten reaktioiden syvillistd ymmartimista.
Jokaisella vuorauskerroksella on omat, eri-
laiset tehtdvinsid, mikd asettaa materiaaleille
omat vaatimuksensa. Tyypillisesti huolellisen
suunnittelun lisdksi onnistuneen kokonai-
suuden aikaansaaminen vaatii useita tulen-
kestdvien materiaalien testejd, joissa voidaan
todeta vuorauskokonaisuuden toimivuus.
Lisaksi pienetkin muutokset prosessissa voi-
vat aiheuttaa merkittdvid muutoksia tulen-
kestavia materiaaleja rasittaville olosuhteil-
le ja titen muuttaa vuorauskokonaisuuden
uudelleen suunniteltavaksi ja testattavaksi.
Kuvassa 3 tulenkestdvien materiaalien val-
mistaja tarkastelee vuorauksen toimivuutta
asiakkaan prosessissa. A

TEKSTI: MIKAEL NIVALA
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Kuva 3. Tulenkestivien materiaalien testaaminen vaatii tarkkaa seurantaa.

BETKER

Better with Betker.

Suomalaisia tulenkestavia materiaaleja.
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Promoting national dam

safety standards anc
sustainable

ning

through GISTM

An internationally recognised and applied standard, GISTM can position mining
companies to streamline the permitting process across different localities. Finnish

mining explorers and operators should take note -

could prove strategically important.

he Global Industry Standard on

Tailings Management (GISTM) was

developed to improve tailings dam

safety, minimise risks, and protect
communities and the environment. Released
in 2020, the standard was developed in re-
sponse to a series of catastrophic failures like
the Brumadinho dam disaster of 2019. The
goal of GISTM is zero harm.

The International Council on Mining and
Metals (ICMM) comprising of global leading
mining companies, United Nations Environ-
ment Programme (UNEP), and the Principles
for Responsible Investment (PRI) assembled a
multidisciplinary panel to create global guide-
lines for mining operations to ensure safety.

For mining companies to access funding
and reasonably priced insurance, and win

O

integrating GISTM from the start

permits for their operations, GISTM is fast
becoming a prerequisite.

In Finland, dam safety standards are
governed by laws such as the Dam Safety
Act and guidelines from the Ministry of
the Environment. Even though the Finnish
dam safety practice can be considered to be
relatively comprehensive, comparing Finn-
ish standards to GISTM reveals insights that

Leapfrog model from one of the Boliden operated Tailins Storage Facilities (TSFs), created by Ramboll, shows the tailings
surface, classified layers within the tailings, and foundation layers of the TSF, along with CPTu drillhole data on material
properties. In TSF closure planning, creating accurate models is crucial for adhering to GISTM standards, as they ensure safe
and effective mitigation of risks like seepage and structural failure. By integrating detailed material properties, these models
guide robust and sustainable closure designs that protect communities and the environment.
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can enhance local dam safety practices. In-
tegrating GISTM from the outset would en-
sure that safety, environmental protection,
and community engagement are embedded
throughout all stages of mineral operation.

Advanced risk assessment and
management

GISTM utilises advanced risk assessment
methodologies, including regular evaluations
of potential failure modes and consequences.
It mandates a thorough risk assessment for
tailings facilities, ensuring stringent safety
measures for those with significant poten-
tial impact.

Finnish standards, too, state that dam
operators must conduct risk assessments
based on national guidelines, considering
factors such as dam location, design, mate-
rials,and historical performance. Authorities
can draw on the GISTM to enhance com-
petence in dam stability calculations, which
will improve the accuracy of risk assessments
and the determination of thresholds for cat-
astrophic failure risks.

Strengthened governance and
accountability

Finnish standards place accountability pri-
marily on dam operators, with oversight
provided by governmental bodies such as the
Ministry of the Environment. GISTM creates
a more thorough accountability structure,
by including an appointed accountable ex-
ecutive separate from day-to-day operations
and responsible for tailings facility safety
and compliance.

Under GISTM, a responsible tailings fa-
cility engineer is required for each site under
operation. The standard also requires an in-
dependent reviewer or independent techni-
cal review board to review implementation
of the standard through the lifecycle of the
tailings facility.

Following GISTM guidance to strength-
ening governance with dedicated roles and
accountability measures provides a signifi-
cant way to enhance Finnish practices.

Importance to lenders and insurance
companies

From the perspective of lenders and insur-
ance companies, adopting GISTM is increas-
ingly seen as mandatory.

The stringent standards and compre-
hensive management practices associated
with GISTM reduce the risks of catastrophic
failures, making projects more attractive for
both funders and insurance providers. Fi-

nancial institutions and insurers view com-
pliance with GISTM as a sign of responsible
management and risk mitigation, resulting
in more favourable loan conditions and in-
surance premiums for compliant projects.

For lenders, evaluating alignment with
GISTM is the priority when seeking to grant
green loans - loans adhering to certain en-
vironmental, social, and governance (ESG)
standards - in mining. Lenders regularly
audit and evaluate projects they have fund-
ed to assess their adherence to these stand-
ards and determine whether they can lend
more, without breaching their ESG policies.
In these ways, GISTM adherence could im-
prove access to capital and deliver favour-
able lending and insurance conditions for
mine operators.

Greater stakeholder engagement
GISTM requires robust engagement with
stakeholders, including local communities,
ensuring transparency and inclusivity in
decision-making processes.

Under this standard, public reporting of
risks and performance is mandatory. While
Finnish standards encourage stakeholder
engagement, it does not need to be as ex-
tensive and is less integrated with tailings
management.

GISTM requires in-depth human rights
due diligence to assess the likely impact of any
mine project on affected local communities.
Stressing the importance of meaningful en-
gagement, the standard requires project-af-
fected people to be involved in decisions af-
fecting public safety and the integrity of the
tailings facility. Under Finnish practice, these
processes are generally covered under Envi-
ronmental Impact Assessment.

Robust emergency preparedness
GISTM mandates that dam operators have
detailed Emergency Response Plans (ERPs)
and conduct regular drills involving local
communities and emergency services. These
plans must be reviewed and updated annu-
ally. Finnish standards also require ERPs,
but the frequency and extent of updates and
drills can vary. Harmonising Finnish proto-
cols with GISTM’s stringent preparedness
measures can ensure a proactive approach
to managing emergencies.

Training and capacity building are crit-
ical components, including comprehensive
educational programmes for staff, simulated
emergency response drills, practical training
with advanced monitoring equipment, and
continuous professional development.

Innovative approaches
brought by GISTM

GISTM promotes the use of cutting-edge
technologies for real-time monitoring, such
as drones equipped with high-resolution
cameras and sensors and satellite-based sys-
tems tracking surface movement to detect
early signs of instabilities.

The mining industry has started to adopt
real-time monitoring systems and predictive
analytics utilising sensor networks to con-
tinuously gather and analyse data, enabling
pre-emptive measures. The use of InSAR (Inter-
ferometric Synthetic Aperture Radar) technol-
ogy provides precise measurements of ground
movement, allowing early detection of risks.

Environmental and social considerations
are deeply integrated into GISTM, including
sustainable tailings management, reducing
water usage through recycling and treatment
processes,and ongoing community engage-
ment programs to enhance transparency.

GISTM brings strategic advantages
GISTM governs all aspects of dam safety
standards and mining practices,and expands
the accountability structure, promoting ad-
vanced safety and monitoring measures at
every stage.

Applying GISTM from the outset is ben-
eficial for every stage of mineral exploration
and mine operation. While Finnish standards
do offer protections and assurances,they
are not as robust and holistic as GISTM.
Furthermore, GISTM is internationally rec-
ognised and applied; adopting it can bring
mining companie strategic advantages,
especially in streamlining governance, safe-
ty practices and permitting processes across
different locations. A

WRITERS: AKI ULLGREN & NATHAN
GAASENBEEK, RAMBOLL

Project manager Aki Ullgren has 15 years
of experience in the mining and exploration
industry. He specialises in developing and
implementing strategies to improve
operational efficiency and risk manage-
ment, with expertise in dam safety, GISTM,
mine water management, rock mechanics
and geotechnical modelling.

Leading consultant Nathan Gaasenbeek
has more than 25 years of experience in
providing environmental and technical so-
lutions focusing on the mining industry. He
has managed and contributed to

numerous mining consultancy projects both
in Finland and internationally.
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As demand for minerals grows and resources become harder
to reach, the mining industry faces new challenges. Efficiency,
safety and sustainability are no longer optional — they're
essential. Learn how we're shaping the future of mining.

mining.sandvik/futureofmining




-lue gas emission
monitoring and process
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he metal and mining industry is

among the most energy-intensive

and emission-heavy sectors global-

ly. Processes such as ore processing,
enrichment and smelting generate flue gases
that contain a variety of harmful pollutants.
As environmental regulations tighten and
sustainability has become a strategic priority,
flue gas emission monitoring and process
control have become essential elements of
responsible industrial operations. These tech-
nologies help to ensure regulatory com-
pliance, improve process efficiency, reduce
operational costs, and to support long-term
environmental goals.

Understanding flue gas
emission monitoring
Flue gas emission monitoring refers to the
continuous measurement of pollutants re-
leased from industrial stacks during com-
bustion or chemical processes. In the metal
and mining sector, typical emissions include
sulfur dioxide (SO,) from smelting sulfide
ores, nitrogen oxides (NO ) from high-tem-
perature combustion, particulate matter
(PM) from dust and ash, carbon monoxide
(CO) from incomplete combustion, heavy
metals such as mercury and arsenic, volatile
organic compounds (VOC) from chemical
treatments, and carbon dioxide (CO,) from
combustion and chemical reactions.
Reliable and continuous measurement is
essential for effective emission monitoring,
In many industries, this is achieved using
Continuous Emission Monitoring Systems
(CEMS), which provide real-time data on
pollutant concentrations and flow rates. These
systems form the foundation for data-driven
environmental management.
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Integrating emission data with
process control systems

Emission data collected through CEMS can
be integrated into process control systems
to enhance operational performance. Ad-
justing combustion parameters based on
real-time data improves fuel efficiency and
reduces unnecessary emissions. Similarly,
precise control of reagent injection in flue
gas treatment systems ensures effective pol-
lutant removal while minimizing chemical
consumption.

Monitoring also enables early detection
of equipment failures, such as broken filter
bags or malfunctioning scrubbers, helping
to prevent unplanned downtime and costly
repairs. Predictive maintenance strategies
can be built around emission data, allowing
operators to anticipate wear and tears before
it leads to system failure.

In addition to operational benefits, inte-
grated emission monitoring simplifies com-
pliance reporting and environmental audits.
Automated datalogging and analysis stream-
line documentation for authorities, helping
companies to meet environmental standards
and demonstrate transparency to stakeholders.

CO, capture technologies
for alow-carbon future
Beyond emission monitoring, industries are
adopting technologies that actively reduce
greenhouse gas emissions. Carbon dioxide
capture is one of the most effective strate-
gies for reducing industrial emissions and
it plays a key role in decarbonizing sectors
such as power generation and steel, cement
and chemicals production.

Accurate and continuous measurement
is essential throughout the carbon capture,

utilization, and storage (CCUS) value chain.
From monitoring solvent quality and re-
action conditions to controlling process
parameters, ensuring safe transport and
long-term storage, instrumentation pro-
vides the data needed to maintain perfor-
mance, safety, and compliance. In chemical
absorption processes, for example, pH and
conductivity measurements are critical for
maintaining solvent effectiveness and water
purity. Flow, pressure, temperature, and level
monitoring help to ensure stable operation
and enable precise control of capture and
compression stages.

Driving industrial

sustainability forward

As industries accelerate their transition to-
ward low-carbon operations, the impor-
tance of precise and integrated measurement
technologies continues to grow. To support
this transition, Endress+Hauser and SICK
started a strategic partnership in the field of
process automation in early 2025. This col-
laboration strengthened Endress+Hauser’s
portfolio with high-performance solutions
for emission and process monitoring, par-
ticularly in the areas of gas analysis and flow
measurement.

Thanks to this partnership, customers
now benefit from a broader range of tech-
nologies available from a single source, along
with deeper expertise in emission meas-
urement. Endress+Hauser is committed to
help industries in meeting their sustainabil-
ity goals with confidence and precision. A

TEXT: TIMO VALIKANGAS
PHOTOS: ENDRESS+HAUSER

In situ and extractive gas
measurement for emission
monitoring
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on biodiversity work

he mining sector is navigating a rare
opportunity: meeting the world’s
growing demand for minerals while
actively restoring and enhancing
the landscapes it touches. Many operators
have already shown leadership—restoring
wetlands, funding conservation partner-
ships, planting native habitats, and including
biodiversity in site plans. The challenge now
is to scale those successes, connect them
across landscapes, and use new tools so that
biodiversity becomes a measurable business
advantage rather than an afterthought.

Reimagining aftercare

—mines as biodiversity assets

Mine closure and reclamation need not be
mere obligations. Premeditated aftercare can
convert former mine areas into valuable hab-
itats—meadows, wetlands, or deadwoodrich
forests that support species and ecosystem
services. Such outcomes create value and also
strengthen local acceptance creating cultural
benefits that support the local economics
and communities.

Safety first—and nature matters

Many mining companies already put safety at
the centre of operations; aligning that culture
with biodiversity goals multiplies benefits.

Ecological solutions—stabilized covers, re-
stored riparian buffers and engineered wet-
lands—reduce erosion, manage stormwater
and cut dust emissions, all of which lower
operational hazards. In short, investing in
nature improves also operational safety, in-
vesting in a safer, more resilient mine.

Industry under vast transformation
The mining sector in Finland and globally
is undergoing a major transformation. The
green transition is pushing demand for crit-
ical minerals, while public expectations for
sustainable land use are rising.

Historically, mining has caused habitat
loss and fragmentation as well as hydrological
changes. Traditional mitigation—water pro-
tection, dust control, reclamation—remains
necessary but is increasingly insufficient. The
next step is a net-positive mindset of integra-
ting biodiversity objects across the project life
cycle with the aim to leave operational sites
in an improved ecological state as compared
to the conditions prior to mining,

Regulatory context

- a window of opportunity

New policy frameworks, such as CRMA,
aiming at securing critical materials, increa
ingly recognise environmental safeguards.

Authorities may prioritise and create fast
tracks for projects that go beyond compli-
ance and demonstrably enhance biodiver-
sity. In practice, plausible rapid assessments
showing how a project can deliver measur-
able biodiversity improvements can both
strengthen permit applications and create
exemplars for the sector. In the green tran-
sition, biodiversity is not a side issue but a
core element of sustainable competitiveness
and social licence to operate.

The mining industry has a unique opportunity
to become a pioneer in biodiversitypositive development
- tools exist for accomplishing it!

Quantifying ecosystem service benefits and
valuations is necessary to support payments
for ecosystem services, conservation financ-
ing or biodiversity offset markets.

Measuring biodiversity - moving
toward transparency and
comparability

Biodiversity was long seen as difficult to
quantify. Today, consistent metrics and spa-
tial data make transparent assessment pos-
sible. Standardised approaches can describe
baseline biodiversity, forecast impacts of

design choices and calculate net change
under different scenarios. Integrating these
metrics into planning turns biodiversity
commitments from narrative into auditable
outcomes, satisfying regulators, investors and
communities alike.

Metrics such as Finland’s Ryty approach
and the UK Biodiversity Metric enable con-
sistent assessment of how much biodiversity
asite currently supports, how planned inter-
ventions will change that level,and whether
actions deliver a positive net benefit for na-
ture. Sitowise Smartlas enables one to inte-

grate biodiversity metrics and produce au-
tomated site-level biodiversity net gain (or
loss) estimates from spatial data layers. Sce-
nario modelling during impact assessment
allows teams to compare mine layouts, waste
placement and aftercare strategies for their
biodiversity outcomes and tradeoffs. Iden-
tifying priority sites for offsets or compen-
sation, and linking them to durable restora-
tion projects,hepls to ensure that gains are
real and sustained. For mining companies,
these tools turn biodiversity commitments
from reputational claims into measurable
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outcomes that can be reported, audited and
improved over time.

From mitigation to

netpositive outcomes

Responsibility in mining has traditionally

focused on minimizing harm—protecting

water, controlling dust and noise, and re-
claiming land after closure. While these re-
main necessary, many companies are now
shifting toward a netpositive paradigm—not
only reducing impacts but leaving nature in

a better state than before operations began.

A genuine netpositive strategy asks for three

shifts:

+  Earlyintegration: consider biodiversity
at siting and design stages, not just at
closure.

o Landscape thinking: plan restorations
that contribute to connectivity and re-
gional priorities.

+  Longterm assurance: secure funding,
governance and monitoring for decades
beyond closure.

These shifts turn singlesite wins into
landscape scale impact that benefits species
resilience, ecosystem services and commu-
nity wellbeing.

siTowise

Redefining Smartness
for Mining Industry

- Engineering, design,
EPCM, advisory, and
digital life cycle services

Sitowise
is participating
in FEM 2025
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Sustainable solutions

Circular solutions that reuse waste rock
and tailings as secondary materials reduce
new land disturbance and unlock opportu-
nities to design new habitats. Collaboration
with local communities, research institutes
and conservation organisations is crucial
to co-design solutions that support both
livelihoods and ecosystems.

High-quality, up to date data endorses
good decisions. Remote sensing and Al can
map habitat quality, detect invasive species
spread, and model flood or fire risk under
different climate scenarios. Combined dash-
boards—bringing together satellite data,
field surveys and community observations
—allow adaptive management and trans-
parent reporting.

Field teams and local citizens are also
valuable data sources. Enabling simple mo-
bile reporting for staff and residents turns
everyday observations into a continuous
monitoring stream and strengthens stake-
holder engagement. Participatory moni-
toring connects safety and stewardship
—workers and residents report obser-
vations that matter for both people and
ecosystems.

= dining
Finland

Human factor - key to success

We can restore what we have changed in
nature, but it is more difficult to rehabilitate
the human mind. Whilst there are new tools
and approaches to measure our actions in
nature, the most difficult game for the mining
industry to play is not with the authorities
but with the communities. The emotional
bond people form with places is fragile and
slow to rebuild when broken.

Narratives matter

A former quarry turned birdrich wetland
used by local schools, a tailings cover trans-
formed into blooming meadows that bolster
pollination for neighbouring farms, or a
restored riparian zone that reduces flood
risk—these are concrete outcomes people
recognise and defend. When communities
and employees see transparent biodiver-
sity actions that also reduce local hazards
(flooding, erosion, dust), their confidence
in the project increases.

Engagement, meaningfulness and posi-
tive emotions, for example, on accomplish-
ments or pursuit of goals and purpose beyond
oneself—create happiness. Publish methods
and monitoring openly, let stakeholders see
and contribute to progress; this can play
a huge role for securing local acceptance.
Companies that go beyond compliance—and
can prove it with data—strengthen commu-
nity support.

The way forward - lead by doing
Many companies already include biodiversity
in strategy, from site action plans to conser-
vation partnerships. The next phase is to
weave these efforts into coherent, measurable
programmes that scale across operations and
landscapes. Practical steps include compiling
existing wins, choosing standard metrics,
piloting high ambition restoration projects,
securing long term funding and publishing
auditable results.

Biodiversitypositive mining requires com-
mitment, collaboration and courage. Where
companies combine measurable goals, data-
driven planning and durable restoration invest-
ments, the industry can build scalable mod-
els for other sectors—strengthening permits,
investor confidence and social licence while
genuinely contributing to nature’s recovery. A

SITOWISE - Redefining Smartness for
Mining Industy
www.sitowise.com

ARTICLE: ALIISA WAHLSTEN, HELI NUKKI,
EERIKA TAPIO, PHOTOS: HELI NUKKI
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rcular economy

The Circularity-Integrated Mining (CINTEM) project aims to increase the recovery rate
of extractive waste and to improve resource efficiency by integrating circular economy
into the mining project already at the planning stage. The project presents a new way to

plan a mining project.

ver 90% of mined material in

metal mining ends up unused

as waste rock or tailings. At the

same time the need for minerals
and metals is growing because of the ongo-
ing green transition. This will significantly
increase the generation of mineral waste
from metal mining unless we address the
issue. Despite the massive volume of mining
waste and costly waste management, the
utilization of side streams such as tailings
in the mining industry is still in its infancy.
Yet, mining waste holds value.

“The circular economy must be con-
sidered already in the planning stage of the
mining project. The idea is to increase uti-
lization of not only metals but all minerals
like industrial minerals and other mineral
materials of the deposit. All this combined
with new business models based on indus-
trial symbiosis makes the CINTEM project
unique’, explains research professor Tom-
mi Kauppila from Geological Survey of
Finland, GTK.

Reducing mining waste by geological
knowledge

The European Commission launched the
Critical Raw Materials Act (2023) for pro-
moting a more sustainable and circular
critical raw materials economy. One of the
EC’s targets is to require member states to
recover critical raw materials from mining
waste. The CINTEM project goes beyond this
target by providing a new way to approach
mining projects.

The CINTEM project promotes the utili-
zation and co-productization of side streams
with a new type of data and planning model.
This new model helps to improve recovery
rates, reduce environmental risks, and in-
crease financial benefits.

“The core of the CINTEM project is to
provide new tools, new approaches and new
operating models for early-stage geological
research of mining operation. Our goal is to
reduce mining waste before it is even gener-
ated. This is possible if we have a better geo-
logical knowledge of the deposit and of the

ways to utilize its whole potential’, explains
project manager Aleksi Salo from GTK.
“Naturally, the mining company investigates
what kind of valuables the deposit contains
and strives to utilize everything they can
exploit. In the CINTEM the aim is to devel-
op and test the capability to cost effectively
collect relevant data and model a deposit for
circular economy’, Salo continues.

Mining waste contains many valuable
recoverable materials. For instance, the mar-
ket value of the metals in one single tailings
deposit could be hundreds of millions of eu-
ros. However, the waste streams can rarely
be used as they are. The obstacle of utilizing
unsegregated mining waste lies often in the
processing and impurity management costs
that can be too high for economic process-
ing. Better geological understanding and
pursuit for utilizing all mineral materials of
the deposit enable to plan the infrastructure
and processes in advance, already in the de-
sign phase of a mining project, thereby re-
ducing costs.
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In this first year of the CINTEM pro-
ject one of the focus areas is to find the best
practices of early-stage geological research to
provide sufficient information on the whole
deposit for holistic mineral reserve estima-
tion, facilitating investment decisions and de-
signing circular mining projects. Geological
data for research is collected from two case
study areas Sokli and Hannukainen.

GTK brings geological expertise to
the project, which enables this new type
of data and planning model. With suffi-
cient geological data it is possible to make
better deposit models enabling circulari-
ty. A digital twin of the mineral deposit is
an improved geological model, which in-
cludes more information about the depos-
it, not only about the ore and main com-
modities but also sufficient data about the
wall rocks, and other mineral materials.

New business model

Comprehensive geological knowledge of the
deposit does not alone guarantee exploitation
according to the principles of the circular
economy. Mining industry is based on the
linear economy. The operating mining com-
pany recovers the valuables it is focused on
and sells the raw material to another com-
pany which makes products. The rest of the
mined material usually ends up as a waste,
even though it is known that the deposit holds
also other valuable and useful minerals. There
is a need for new ways of thinking about
the economics of the mining ecosystem.
Could we, for instance, get some ideas from
the forest industry? In bioproduct factories
there are many companies working at the
same site using different fractions of wood
with the goal to use 100% of wood material.

The CINTEM project is introducing a
new business model based on industrial sym-
biosis. “We haven't got a tradition of having
multiple operators at the same site at the same
time in the mining business, but it is not usu-
ally reasonable for the mining company to
expand its business outside its business mod-
el. So, why not ally with other companies? In
other words, we need to create an ecosystem
of companies with different business models
utilizing the same deposit at the same site”,
Kauppila explains.

These companies could operate in dif-
ferent fields of industry, not only recover-
ing raw materials but also making products.
Often the mine is situated in a remote place,
which makes it expensive to transfer raw
materials for manufacture. If the product
can be manufactured on the site, it would
be more profitable. The companies working
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at the same site could range from traditional
recovery of metals to construction industry,
carbon dioxide capture, or producing ceramic
materials, for instance.

“We have a specific work package for the
study of new business models led by experts.
To make these models work we need business
expertise and new kind of thinking spanning
several industry sectors”, Kauppila continues.

The CINTEM project also investigates
how side streams can be utilized in the man-
ufacture of various products, for example for
the needs of the construction industry. Other
aims are to study and develop technologies and
processes for recovering the remaining value
metals from the side streams as well as for the
management of material flows at the mine site.

International cooperation

The international aspect is important for
networking and competence development.
The CINTEM project involves international
cooperation with, for example, Chile and
Australia. The Chilean project partner, a sister
organization of GTK, launched also its own
project in which Finnish actors involved in
RDI work together with the Chileans.

The CINTEM project also involves re-
searcher exchange. Research scientist Dan-
dara Salvador from GTK is working for
six months as a visiting researcher at the
Global Centre for Mineral Security, Sustain-
able Minerals Institute (SMI) — Universi-
ty of Queensland, Australia working with
the OreSand team. The OreSand project
focuses on circularity of the sand fraction
of the processing waste and has a broad-
ly similar idea to the CINTEM project.
“Together with the OreSand team, we are
investigating how circular mining initiatives
like CINTEM align with existing circularity
frameworks. We are also examining how pol-
icy instruments in different jurisdictions, spe-
cifically Finland and Queensland, encourage
or hinder the adoption of these approaches.
Additionally, we aim to support mining pro-
jects in making informed early-stage deci-
sions about circularity. Using process simu-
lation-based Life Cycle Assessment (LCA),
we assess the potential of circular strategies
to guide more sustainable choices from the
start and maximize positive impact’, Salvador
tells about her work at Queensland university.

Salvador considers researcher exchange
important. "Engaging with internation-
al research institutes allows us to combine
strengths and tackle complex challenges like
mining waste. Moreover, mining is a global in-
dustry, and solutions containing internation-
al perspective must be developed. Working

with the OreSand team has been especially
valuable. Their work has already been applied
in industrial scale, demonstrating how circu-
larity practices can be successfully adopted”

...to be continued

“The CINTEM project has only just begun,
but it is already clear that there is a demand
for this type of research. It seems that there
is a global momentum for projects like
CINTEM. Around the world there are also
other projects focusing on circular economy
in the mining business. By cooperation we
can make this work”, Kauppila says.

It is very likely that the project will
be continued, going deeper into the top-
ic once the original CINTEM is com-
pleted. I have received several con-
tacts from interested parties who would
be willing to join CINTEM,” Salo tells.
Striving for the circular economy, sustain-
able mining, and more profitable mining
businesses do not have to be mutually ex-
clusive options.

The CINTEM project

The CINTEM is a Co-Innovation project
funded by Business Finland. The two-and-a-
half-year project coordinated by Geological
Survey of Finland (GTK) began in the be-
ginning of 2025. The CINTEM consortium
consists of four universities and research in-
stitutes, seven companies which are involved
in their own development projects and three
companies which are participating with in-
kind investments. A

The CINTEM consortium:

Geological Survey of Finland (coordinator)
VTT Technical Research Centre of Finland
LUT University

University of Oulu

The companies involved in their own
development projects:

Tapojarvi Oy

Hannukainen Mining Ltd

Sokli Ltd

AFRY Finland Ltd

Betolar Ltd

Lateral Engine Ltd

IMA Engineering Ltd

Companies participating with in-kind
contribution:

Weeefiner Ltd

Normet Ltd

LKAB Minerals Ltd

TEXT: KRISTINA KARVONEN, GTK



’\ Adven

Turning Regulation
iINto Opportunity

Environmental regulations in mining and metals are tightening.
Adven helps you stay ahead - turning compliance into a competitive
advantage.

No CAPEX, No Delays, Only Results

With our proven Energy as a Service® model, Adven invests, builds, and
operates energy and water solutions on your behalf. You gain
decarbonized heat, power, and water treatment without tying up capital
Or resources.

From Obligation to Value Creation

Our solutions cut emissions, recover valuable side streams, and secure
your license to operate - all while improving operational efficiency and
lowering costs.

advencom Q

Partner with Adven to future-proof

your operations and grow sustainably.
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Arctic
Drilling
Company 2004-2024

REACH THE SET TARGET WITH
DIRECTIONAL CORE DRILLING

ADC can provide the total drilling package, from the hole
and branch planning to the highly skilled drillers — no extra
contractors needed.

(% HIGHLY ACCURATE (% MINIMAL ENVIRONMENTAL IMPACT _

SEETHERIGS
(% CERTIFIED QUALITY (% SAFETY EXCELLENCE T
(% COST-EFFECTIVE DRILLING (% EFFICIENT TECHNOLOGY WWW.ADGLTD.FI

Arctic Drilling Company Ltd.

Call us +358 40 511 2289 or
visit www.adcltd.fi

1SO 9001+ 1SO 14001
1SO 45001

Sustainable Gold
from Finland

Endomines is a Finnish pioneer in
sustainable mining, rooted in the
bedrock of Eastern Finland. Our
production facility is located in
Pampalo, and exploration focuses
on the Karelian Gold Line —rich in
gold, EU-critical tungsten,

and molybdenum.

We aim to make the Karelian
Gold Line one of the world’s most
responsible gold production areas.

Our ambitious ESG programme
guides daily decisions, balancing
environmental care, community
wellbeing, and long-term
business growth.
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A rock-solid career literally shaping a'better future.
Drive change with us at boliden.com

Digging deep.

Smelting barriers.
Improving tomorrow.

Flow control for mining and metals

Solid performance for
, when reliability is crucial

For more information, visit
7 valmet.com/flowcontrol

Take your business forward with our industry-leading valves and
pumps; Flowrox™, Neles™, Jamesbury™, and Neles Easyflow™.

Valmet >

FORWARD
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Investing in premium stainless steel fasteners in mining is not just about durability - it’s
about enhancing safety, maximizing uptime and reducing long-term costs in one of the
world’s most demanding industries.

he mining industry faces severe chal-
lenges related to corrosion and dura-
bility, which can impact equipment,
safety and profitability. Using premi-
um stainless steel fasteners that provide corro-
sion resistance and high strength is essential
to ensure safe and reliable mining operations.

Unlock nearly a century of fastener
innovation with premium solutions
Several Nordic mining companies are already
using premium stainless steel fasteners to
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promote safety, maximize uptime and reduce
long-term costs. Such premium stainless steel
fasteners are manufactured by our compa-
ny BUMAX AB, which has its roots in the
Ashammar Bolt Factory. It was established in
1899 and was one of the very first companies
in the world to produce austenitic stainless
steel fasteners in 1926. We were incorporated
into the Bufab Group in 2000 and employ
today around 75 people.

AllBUMAX fasteners are manufactured
atour factory in Ashammar, central Sweden.

The Bergslagen region is the traditional heart
of Sweden’s world-leading mining, engineer-
ing and metallurgic industries. Rich in iron
ore, Bergslagen has mined iron and other
metals ever since the Middle Ages and to-
day boasts several world-class steel compa-
nies such as BUMAX, Sandvik, SSAB, Ovako,
Outokumpu and Uddeholm.

Premium stainless steel fasteners
deliver results in the mining sector
Nordic mining companies use the BUMAX



Five reasons to choose premium stainless steel
fasteners in mining applications

1. Superior corrosion resistance - With mining equipment and infrastructure
often exposed to moisture, acidic or alkaline conditions, salt and abrasive
materials, choosing corrosion-resistant fasteners can reduce the risk of fail-
ure and costly downtime.

2. Enhanced mechanical strength - Heavy loads, vibrations and harsh mechan-
ical stresses in mining operations require high-strength fasteners to provide
durability and load-bearing capacity to maintain structural integrity.

3. Longer service life and reduced maintenance - Stainless steel fasteners last
significantly longer, minimize maintenance intervals and part replacements,
which enhances safety and reduces total life cycle costs.

4. Safety and reliability - Premium stainless steel fasteners can help to avoid
the failure of a critical mining application. This can reduce the risk of equip-
ment breakdowns or safety incidents.

5. Resistance to temperature and wear - Some grades of premium stainless
steel also withstand extreme temperatures and wear, making them ideal for

mining equipment exposed to friction, heat or thermal cycling.

88 and 109 fastener product ranges, which
are made of A4/316L materials with high
strength equivalent to class 8.8 and 10.9. The-
se grades also offer high corrosion resistance
due to their higher molybdenum content
(minimum 2.5%), unique manufacturing
processes and sourcing of the highest quality
European raw material.

High-performance stainless steel fasten-
ers can potentially offer mining customers
cost-effective alternatives to traditionally
more expensive nickel and titanium alloy
grades, as well as a higher performance alter-
native to more commonly used coated high
tensile carbon steel fasteners. One of the key
differentiators for most of our fasteners is that
they are cold formed and thread rolled. Cold
forging provides a superior product with
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increased strength, excellent ductility and
enhanced fatigue resistance. Roll threading
involves extruding material with threading
dies to form a thread that is stronger and
more resistant to fatigue. We also begin the
process of strain hardening earlier in the
production to further increase strength and
fatigue resistance.

Customers working in particularly acid-
ic mining environments sometimes use
BUMAX® DX 129 or SDX 109 to provide ad-
ditional corrosion resistance as well as even
higher strength. DX 129 is a duplex stainless
material grade developed to be an especially
high-performing all-rounder, with corrosion
resistance considerably higher than A4/316L,
very high strength (equivalent to 12.9) and
better ductility (approximately 35% great-

er than 12.9 carbon steel). SDX 109 is a su-
per duplex grade that provides even higher
corrosion resistance than our standard du-
plex grade.

Fastener solutions for the most
demanding mining applications

The latest generation of BUMAX grades
offer fastener solutions for customers with
even more demanding mining applications.
We have developed BUMAX' DX 149, which
offers a tensile strength of at least 1,400 MPa
and vyield strength of at least 1,260 MPa,
while still retaining excellent ductility. This
means that DX 149 can allow companies
to downsize fasteners by providing small-
er dimensions with excellent mechanical
properties and high strength.

A recent development is the expan-
sion of our BUMAX® SA (Super-Austenit-
ic) range, with the addition of a new super
high-performance grade.The SA range is
based on a series. This new range is based
on a series of advanced stainless alloys that
can surpass the performance of super-du-
plex materials and compete with the likes of
expensive nickel alloy grades. These mate-
rial options offer high mechanical strength
and super-high resistance to pitting, crev-
ice corrosion and stress corrosion cracking,
even at elevated temperatures. These grades
can offer mining customers superior resist-
ance to extremely corrosive environments.
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The sustainability advantages of
stainless steel fasteners
As stainless steel is strong, durable, corro-
sion resistant and recyclable, stainless steel
fasteners have low maintenance costs,a long
life and are easy to recycle at their end of life.
These properties make stainless steel fasten-
ers an ideal and more sustainable choice for
avariety of demanding mining applications.
The BUMAX factory was one of the first
fastener manufacturers in the world to obtain
an Environmental Product Declaration (EPD)
for some of its product range. The EPD for
BUMAX" 88 and 109 helps customers to make
informed decisions, based on their Life Cycle
Analysis (LCA) environmental footprint. A

TEXT: ELINA LEIVO, NORDIC BUSINESS
DEVELOPMENT MANAGER AT BUMAX AB

Elina Leivo
Nordic Business Development Manag-
er,M.Sc. Eng, Lic. Tech.

Elinais an expert in fastener and mate-
rial science who has been at BUMAX AB
since 2017. Through her deep techni-
cal expertise in premium stainless steel
fasteners, she helps customers in a wide
range of industries to find innovative,
high-performance fastener solutions tai-
lored to extreme environments. Elinais a
member of Vuorimiesyhdistys
(Bergsmannaféreningen ry., Finnish
Association of Mining and Metallurgical
Engineers).

e-mail: elina.leivo@bumax.se

tel: +358 207932818

www.bumax-fasteners.com

32 MATERIA4 -2025

About BUMAX

BUMAX® is a Swedish brand, known for producing premium fasteners that in-
clude “The World’s Strongest Stainless Steel Bolts”. It has manufactured stainless
steel fasteners at its own facilities in Ashammar in central Sweden since 1926.
With expertise in the high performance and safety of critical bolting applica-
tions in harsh environments, BUMAX has a long history of supporting custom-
ersin arange of industries - from science and space industries to automotive
and marine. Many of the engineering and technical challenges faced by the min-
ing sector are well known to BUMAX. Bolting applications in corrosive conditions
have long been a core element of the company’s R&D focus, driving its manufac-
turing capabilities and innovative solutions.
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ROZIA

Roxia - 100% Filtration

* The driest cake from the finest concentrate.

+ Advanced filter equipment and parts built on the latest innovations.
« Full filter life cycle support.

* Personal service with fast response and close collaboration.

+ We deliver what you need, when you need it - globally.

sales@roxia.com WWW.roxia.com
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Empowering the future of mining

REFLUX™
flotation
cell (RFC)

Expanding the
bounds of flotation

Explore more about the
REFLUX flotation cell
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Increased throughput
Up to 10x higher than traditional open-tank flotation cells

Enhanced grade and recovery
Higher separation efficiency enhances gangue rejection
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Scale-up testing of cellulose-based sustainable

frother formulations for mineral flotation:

CellFroth -from laboratory to pilot

1. Introduction

Sustainable flotation reagents emerged asa
research topic of interest ca year 2000. Since
then, the number of published manuscripts
on flotation with keywords such as green
flotation, green collectors, biosurfactants
and bioflotation has been steadily increasing
(Oulkhir et al., 2023)). Nowadays research
on bio-based reagents is being conducted
globally in multiple groups, each with their
own specific approach.

Even though biochemicals are the topic
of an increasing number of research man-
uscripts, apart from some well-known rea-
gents such as carboxymethyl cellulose, dex-
trin, starch and fatty acids (Oulkhir et al.,
2023; Pawliszak et al., 2024), industrially
used reagents are still largely dominated by
conventional, fossil-based chemicals with
various levels of detrimental environmen-
tal impact.

Some of the reasons typically men-
tioned for the resistance of industry to im-
plement safer, greener alternatives include
aspects such as: i) conventional reagents
work and have a proven track record; ii)
they are cost-efficient; iii) they have a reli-
able production source and they are abun-
dantly available as many flotation reagents
are produced from the side streams of crude
oil beneficiation value chain (Alvarez et al.,
2018; Michaux, 2024); and iv) a failed im-
plementation of new chemicals is expensive
as it comes in the form of lost product and
profit. Additionally, many existing operations
have less strict permits, meaning that profit
is a bigger driving force than sustainability
beyond current permits and a generally ac-
ceptable degree of HSE aspects.

Considering that the mining industry is
often regarded as one of the most disliked
industries in terms of public acceptance (Ee-
rola, 2024), the community at large should
have an increasing incentive to improve the
sustainability of mining operations both in
terms of social license to operate and to con-
tribute towards local and global sustainabil-
ity goals. Furthermore, as the development

of new reagents takes a significant amount
of time (5-10 years) and money (5-10 M$)
(Nagaraj and Farinato, 2016),it is evident that
there is a need to accelerate development of
sustainable reagents towards industrial oper-
ations. This is especially true if sustainability
goals such as the EU green deal (The Euro-
pean Green Deal - European Commission,
2021) are going to be met. Achieving such
goals would likely mean phasing out of fossil
fuels to a significant degree (Michaux, 2024),
which consequently leads to a lack of relia-
ble production source for many of the con-
ventional reagents. Therefore, it is essential
to explore alternative chemicals, produced
from renewable sources, that have a proven
and reliable track record in industrial use.

In an effort to contribute towards these
ambitious goals, the authors have developed
novel, cellulose-based frother formulations,
collectively called “CellFroth” In previous
studies CellFroth has demonstrated similar
froth products with faster kinetics and more
robust flotation performance in varied condi-
tions in comparison to conventional frothers
in batch laboratory-scale experiments. The
improved performance was addressed to the
unique synergistic effects of polymer-sur-
factant (PS) mixtures at the air-liquid inter-
face. A comprehensive description of this
research is compiled into a doctoral disser-
tation thesis (Nuorivaara, 2021).

While such results seem promising in iso-
lation, their relevance for the mining industry
atlarge is yet to be tested. It is well known that
even the scientific premises from laboratory
to industrial scale operations are fundamen-
tally different, and that flotation is notorious
for having a large variety of identified scale-
up knowledge gaps. Evidently, the scale-up
implementation of a novel flotation reagent
requires diligent and persistent experimen-
tal research and development so that these
challenges can be appropriately addressed.

In this article the authors present a
study on the scalability of a novel bio-based
PS-mixture used as a flotation frother in
the processing of a Cu-Ni-containing ore.

Three flotation campaigns are presented, se-
quentially moving from laboratory-scale to a
continuous miniplant operation as follows:
1) Single stage laboratory flotation
in a 4 flotation cell
2) Two stage flotation (roughing and
cleaning) in 121and 41flotation cells
3) Continuous miniplant campaign

with 30 kg/h feed throughput

Throughout the experimental procedures,
the performance of CellFroth formulations
was compared to that of a commercial froth-
er (NF240), while other reagents and condi-
tions were maintained constant.

2. Flotation campaign 1

In the first campaign, the variables to be
optimized were collector concentration and
air flow rate. Table 1 compiles the results in
terms of grade and recovery for Cuand Ni.

The results of the first nine experiments
demonstrated that the recovery of both Cu
and Ni increased with increasing air-flow
rate. When comparing the performance of
each frother,an evident pattern was observed.
The Cu recoveries were consistently higher
with NF240, while CellFroth formulations
demonstrated higher grades. When the col-
lector dose was 2 g/t, the reduced collec-
tor concentration had an adverse effect on
both grade and recovery for NF240, while
only recovery values decreased, and grade
increased in the presence of the CellFroth
formulations. However, at the elevated col-
lector concentration of 20 g/t Cu recovery
increased, and the grade slightly decreased
for all tested frothers.

The highest air-flow rate only slightly
increased Cu recovery, while a more signif-
icant increase was observed for the slower
floating Ni minerals. To further increase
Cu recovery and minimize the recovery
of Ni, the chosen default operating condi-
tions for subsequent rougher flotation were
20 g/t of collector and an air-flow rate of 4
1/min as well as implementing pH regula-
tion at pH 11.
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Exp No. Exp Name* Cu recovery Cu Grade Ni Recovery  Ni Grade
1 NF-30-AP-5-3L.Min 83.5% 521% 34.41% 1.32%
2 CFA-30-AP-5-3Lmin 81.5% 6.70% 30.66 % 1.54 %
3 CFB-30-AP-5-3Lmin  80.67% 7.24% 29.41% 1.65%
4 NF-30-AP-5-4Lmin 85.3% 3.75% 41.75% 1.12%
5 CFA-30-AP-5-4Lmin 832% 6.69 % 33.52% 1.67%
6 CFB-30-AP5-4Lmin 81.6% 6.82% 30.07 % 1.58%
7 NF-30-AP-5-5Lmin 87.2% 3.54% 47.91% 1.16%
8 CFA-30-AP-5-5Lmin 83.3% 6.25% 35.90% 1.65%
9 CFB-30-AP-5-5Lmin ~ 84.2% 570% 39.11% 1.62 %
10 NF-30-AP-2-3Lmin 80.0 % 479 % 24.62 % 0.89%
11 CFA-30-AP-2-3Lmin 76.9% 9.28 % 19.31% 1.45%
12 CFB-30-AP-2-3Lmin 754 % 8.55% 1742 % 1.23%
13 NF-30-AP-20-4Lmin  89.1% 3.07% 56.47 % 1.16%
14 CFB-30-AP-20-4Lmin  86.2% 541% 47.23% 1.81%

*NF = NasFroth240; CFA = CellFroth A; CFB = CellFroth B; 30 = frother concentration was
30 ppm with all studied frothers; AP-X = Aerophine and its concentration in g/t; XLmin = air

flow rate in I/min

Table 1. Flotation performance of studied frothers presented as grade and

recovery for Cu and Ni

3. Flotation campaign 2

The second campaign comprised of mul-
ti-stage laboratory experiments. The goal
was to imitate different industrial flotation
stages in laboratory conditions to gain deep-

er insight into the operational behavior of
CellFroth formulations.

Table 2 shows the results of each singu-
lar experiment in terms of Cu recovery and
grade in the roughing stage along with the

final stage and overall Cu recoveries as well
as final Cu grade of the cleaning stage (after
10 minutes of cleaning).

Average result values of stages with same
conditions (e.g., NF240 in roughing at 10
g/t of collector) were used when compiling
Figures 1 and 2, when applicable. They are
indicated by the error bars, that represent
the standard error of the corresponding re-
sponse with the corresponding conditions.
This approach was chosen to facilitate the
readability of these figures.

When studying the results of the single
frother experiments, robustness in Cu recov-
ery in the roughing stage was observed in
the presence of CellFroth formulations, even
when collector concentration was reduced.
While CellFroth formulations maintained
steady Cu recovery at the cost of Cu grade,
the performance of NF240 had an opposite
behavior, where Cu recovery diminished,and
Cu grade increased. The authors have con-
nected such robust flotation performance to
the self-stabilizing froth properties provided
by CellFroth formulations.

When inspecting the mixed frother re-
sults, it is seen that the final grade obtained,
when using NF (roughing) + CF A or B
(cleaning), was significantly higher com-
pared to only using CFA or CFB in both flo-
tation stages. Simultaneously, extremely high

AP 20 g/t - single frothers Stage Overall

Frother Cu RecinRGH Cu Grade in RGH CurecinCLN CuRecin CLN Cu Grade in CLN
NF240 + NF240 86.03 % 11.75% 98.62% 84.84 % 1541 %
CFA+ CFA 83.48 % 10.05% 99.73% 83.26 % 12.34%
CFB+CFB 84.52 % 7.22% 99.71% 83.40 % 10.66 %
NF240 + NF240 (rep) 83.53% 9.14% 96.59 % 80.68 % 14.79%
AP 10 g/t - single frothers Stage Overall

Frother Cu Recin RGH Cu Grade in RGH CuRecinCLN CuRecinCLN Cu Gradein CLN
NF240 + NF240 84.09 % 13.12% 98.34 % 82.69 % 18.37%
CFA+CFA 85.13% 7.90% 99.63 % 84.82 % 10.46 %
CFB+CFB 87.28% 6.01% 99.59% 86.92 % 8.14%
AP 10 g/t - mixed frothers Stage Overall

Frother CuRecinRGH Cu Grade in RGH CuRecin CLN CuRecin CLN Cu Gradein CLN
NF240 + NF240 (rep) 82.26% 13.50 % 98.05% 80.66 % 20.53%
NF240 + CFA 83.07 % 14.62% 99.41% 82.57 % 16.89 %
NF240 + CFB 83.09 % 14.64 % 99.47 % 82.65% 17.96 %
CFA +NF240 83.22% 7.87 % 99.16% 82.52% 11.34%
CFB + NF240 84.92 % 742 % 99.45% 84.46 % 10.32%
NF240 + CFB (rep) 82.52% 13.95% 99.38% 82.01% 17.19%

Table 2. Cu results of flotation campaign 2
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stage recoveries for Cu were maintained in
the cleaning stage, which resulted in a froth
product of higher overall Cu recovery and
slightly lower grade when comparing to only
NF240 in both stages. While the differences
in overall Cu recovery were relatively small,
there was a constant tendency in all cleaning
stage Cu recoveries for NF240 and CellFroth
formulations, where comparatively higher
stage recoveries were obtained with the latter.

While the cleaning stage froth products
were highly comparable in terms of grade and
recovery, there was also a significant dispar-
ity in terms of flotation kinetics when com-
paring NF + NF conditions to those of NF
+ CF formulations (Figure 1). Upon closer
inspection, the froth product obtained with
CFA in 2 minutes resembled the froth prod-
uct obtained with NF240 in 4 minutes (sol-
id comparison line). While the kinetics for
CFB were not as fast as those obtained with
CFA, the froth product obtained at 2 minutes
had a notably higher recovery than NF240.
A similar observation can be made for Cu
recovery with NF240 at 10 minutes, where
CF formulations achieved comparable recov-
eries with only 4 minutes of flotation time
(dashed comparison line). These findings
highlight that the faster kinetics observed
for CF formulations in earlier studies persist
even in conditions, where NF240 was used
in the roughing stage and CF formulations
only in the cleaning stage.

Another key observation is that the clean-
ing stage selectivity towards Cu was signif-
icantly improved in NF + CF experiments
due to the more favorable composition of
the cleaner feed. This is reflected as a sig-
nificantly lower overall Ni recovery in the
cleaner product (Figure 2a-c).In experiments
where CellFroth formulations were used in
the rougher, the quality of the cleaner feed
was worse (Table 2). Thus, the resulting froth
products obtained with the CF + NF exper-
iments resembled those of using CellFroth
formulations in both roughing and cleaning.
While the use of NF240 in the cleaning stage
had a positive impact on the final Cu grade,
the decreased selectivity observed already in
the roughing stage resulted in significant Ni
recovery into the cleaner product (Figure 2c).

Considering the observations described
above, it is evident that the cleaning stage
performance is highly dependent on its feed.
This behavior is especially true when aiming
to maximize the benefits of the CellFroth for-
mulations. Indeed, previous findings by the
authors indicated that the underlying cause
for the robustness of CellFroth formulations
was its capability of recovering mineral par-
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Figure 1. Cu grade-recovery cleaner performance with mixed frother systems. The
legend describes used frothers as follows: “roughing stage”+’cleaning stage”.
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Figure 2. Flotation selectivity visualized by Ni grade-recovery in the cleaning
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frothers. The time stamps found in 2 a) represent flotation time.
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Figure 2c
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ticles of reduced hydrophobicity through
mechanisms of true flotation. However, these
earlier studies were conducted with material,
where only one target mineral was present,
and in the present study the feed material
contained two minerals of interest, both of
which are responsive to the used collector
(AP3418 A). Such changes in the feed re-
sulted in a rougher product with significant
amounts of Cuand Niwhen using CellFroth
formulations, resembling a bulk flotation type
of operation. Naturally, the presence of Ni

in a Cu concentrate is unwanted for differ-
ential operations and process optimization
work may be required to address this issue.

Based on the results presented so far,
the benefits of the CellFroth formulations
can be best leveraged when the feed quality
is better. This tendency can be highlighted
by two key observations: 1) The lower feed
head grade present in the experiments of
section 2 resulted in a comparable flotation
performance for both CellFroth formula-
tions and NF240, where the use of CellFroth
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Figure 3. The flowsheet and locations of chemical additions in the miniplant

campaign
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demonstrated benefits in terms of Cu grade
and robustness of operations; 2) in section
3, using NF240 in roughing stage for better
cleaner feed quality, and applying CellFroth
formulations in the cleaning stage resulted
in froth products of higher recoveries and
good Cu grade.

4. Flotation campaign 3

The final campaign conducted was a con-
tinuous miniplant operation with an ap-
proximate feed flow rate of 30 kg/h. The
flow sheet is presented in Figure 3. The aim
of this campaign was to corroborate the
laboratory scale performance observed for
CellFroth formulations in sections 2 and 3.

The results at each flotation stage are pre-
sented in Table 3 as flotation performance
in terms of Cu and Ni grade and recovery.
When comparing the performance of Cell-
Froth to that of NF240, it is evident that in
all experiments with CellFroth, there are im-
provements in performance.

CellFroth seemed to maintain a similar
behavior in the roughing stage as was ob-
served in section 3, i.e., both Cu and Ni re-
coveries were significantly higher compared
to the performance of NF240 in the rough-
ing stage, but the stage recovery of CFA+C-
FA was significantly lower compared to the
benchmark experiments of NF+NE

In the roughing stage of the continuous
flotation, faster kinetics observed with Cell-
Froth formulations were reflected as higher
Curecovery and mass pull, while also result-
ing in a higher solids content in the rougher
product. Therefore, the premises for the first
cleaner were distinctly different depending
on the frother used in roughing. The same
phenomenon occurred in all flotation stag-
es where CFA was applied. However, CFA
seemed to be able to efficiently process such
increased quantities of minerals due to its
faster kinetics observed in earlier studies. In-
deed, the authors hypothesized that CellFroth
formulations would be able to treat more ma-
terial in smaller flotation cells (Nuorivaara
and Serna-Guerrero, 2020). Based on the re-
sults in Table 3, this behavior is also applica-
ble for continuous flotation, and it seems to
occur also when CFA is first added only in
the cleaning stage.

Interestingly, the roughing stage results
for NF+NF and the first NF+CF experi-
ments were practically identical (Table 3).
Considering that the findings of section 3
imply that the performance of CellFroth
formulations is dependent on feed quality,
the Cu grade-recovery and selectivity results



will be compared between these two experi-
ments along with the CFA+CFA experiment.
These results are illustrated in Figure 4a,and
selectivity in terms of Ni grade-recovery in
Figure 4b. When using only CFA in all flo-
tation stages, the Cu recovery is significantly
higher in the roughing stage while the froth
quality after the first cleaning stage was bet-
ter compared to NF240 after two cleaning
stages both in terms of grade and recovery.
The second cleaning stage further improved
the Cu grade at the expense of Cu recovery,
as can be expected. However, this improved
performance for Cu came at a cost of selec-
tivity towards Ni (Figure 4b), which is in line
with the laboratory results. While the overall
recovery of Niinto the concentrates of clean-
er 1 and 2 was in the same range as with the
other frother systems, a Ni recovery of al-
most 30 % in Cu roughing would translate
to significant losses of overall Ni recovery
if sequential Cu-Ni flotation were applied.

When comparing the performance of
the NF+CFA to the baseline results of the
only NF240 system (Figure 4a), it is evident
that the addition of CFA into the first cleaner
significantly improved froth quality in terms
of Cu grade and recovery. A similar tenden-
cy was observed also in the second cleaner.
However, the final Cu grade with NF+CFA
did not reach the values of the NF+NF sys-
tem, while Cu recovery was still significantly
better. It is noteworthy that in both experi-
ments, where NF was used in the roughing
stage, the grade-recovery performance for Ni
was practically identical (Figure 4b). There-
fore, the benefits of using CFA were repro-
duced in continuous flotation with minimal
detrimental effects to selectivity.

A well-known fact in the field is that
pushing the grade-recovery performance
towards the upper right side of the graph is
simultaneously the most difficult feat to ac-
complish and yielding the best outcomes in
terms of plant productivity.

The results presented above reflect the
authors” hypotheses from previous studies,
i.e. better froth recovery is reflected as im-
proved performance for Cu, and that fast-
er flotation kinetics observed in laboratory
scale facilitate similar flotation performance
with smaller total volume of flotation cells in
a continuously operated process.

This study highlights the need for de-
tailed and deliberate experimental research
required to facilitate the scale-up processing
of a fundamentally novel frother. Considering
that no process specific flow sheet optimi-
zation was done in the miniplant campaign,

Cu rougher CFA +CFA NF +NF NF + CFA NF + CFA repetition
Mass pull 12.10% 9.96% 9.10% 9.23%
Cu recovery (overall) 88.94 % 82.04 % 81.76% 76.25%
Cu grade 2.04 % 2.06 % 2.16% 1.63%
Ni recovery (overall) 27.91% 13.93% 1311 % 12.22 %
Ni Grade 0.52% 0.31% 0.29% 0.28 %
CuCleaner 1 CFA+CFA NF + NF NF + CFA NF + CFA repetition
Mass pull (overall) 1.12% 1.64 % 1.47 % 1.24 %
Cu recovery (overall) 73.21% 73.04 % 77.12% 69.69 %
Cu recovery (stage) 82.31% 89.03% 94.32 % 91.41%
Cu grade 18.21% 11.16 % 12.57% 11.08 %
Ni recovery (overall) 7.95% 474 % 5.02% 3.93%
Ni Recovery (stage) 28.50 % 34.03% 38.31% 32.19%
Ni Grade 1.61% 0.64 % 0.68 % 0.67 %
Cu Cleaner 2 CFA+CFA NF + NF NF + CFA NF + CFA repetition
Mass pull (overall) 0.79 % 0.98% 1.23% 0.87%
Cu recovery (overall) 64.40 % 69.63% 76.31% 68.52 %
Curecovery (stage) 87.97 % 95.34 % 98.95% 98.31%
Cu grade 22.72% 17.79 % 14.88% 15.59%
Ni recovery (overall) 3.89% 3.45% 454 % 3.24%
Ni Recovery (stage) 48.91% 72.71% 90.47 % 82.38%
Ni Grade 1.12% 0.77 % 0.74 % 0.78%

Table 3. Cu and Ni results of the continuous miniplant campaign, presented
separately for each frother system (= campaign day)
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Figure 4. Grade-recovery performance in the miniplant campaign: a) for Cu b) for
Ni. The flotation stages follow the same logic as is labeled for CFA+CFA in b).
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the results can be considered successful, as
CellFroth demonstrated benefits over the
commercial frother in various categories.
The authors hypothesize that such optimi-
zation can lead to even greater performance
improvements of the CellFroth formulations.

5. Conclusions

This study describes a sequential multi-cam-
paign flotation study, with a specific focus
on the scale-up processing of a novel cellu-
lose-based frother formulation. The results
demonstrate similar tendencies through-
out all studied conditions from single stage
laboratory-scale experiments to the contin-
uous miniplant campaign.

The results presented in this manuscript
corroborate that CellFroth formulations are
highly versatile frother formulations demon-
strating benefits in continuous flotation
over current commercial frothers in many
aspects, such as:

1. Recovery of valuable minerals in rough-
er flotation. Especially so, if selectiv-
ity for other metal sulfides is not re-
quired, e.g., in single mineral cases or
bulk rougher flotation.

2. Faster kinetics and more robust flota-
tion performance, which were reflect-
ed as a better froth quality in terms of
both Cu grade and recovery compared
to the commercial frother, with only one
cleaning stage compared to two clean-
ing stages with the commercial frother.
However, this remarkable improvement
in flotation performance came at a cost
to Ni selectivity.

3. When applying CellFroth only in clean-
ing, the product quality was better for
both Cu grade and recovery after the
first cleaner and better Cu recovery
after the second cleaner compared to
the commercial frother. This improve-
ment in performance had no negative
reflections in terms of Ni selectivity.
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It is noteworthy that these benefits seemed
to be connected to the feed quality in each
flotation stage. Thus, special effort in process
design is likely required when applying Cell-
Froth for a new ore. However, conducting
laboratory-scale flotation tests when evalu-
ating the performance of a new reagent is a
common approach in the field.

The results of this study were achieved
with no process-specific flow sheet optimi-
zation, and as such they demonstrate that
with deliberate optimization and planning,
CellFroth formulations can be applied in
industrial scale operations to enhance the
performance depending on the needs of a
specific ore: either throughout the circuit to
improve overall grade and recovery with less
selectivity; or in cleaning stages to improve
flotation performance with smaller impact
to selectivity.

Furthermore, CellFroth is a PS-mixture,
and the authors theorize that by using differ-
ent surfactant to polymer ratios at different
stages of the flotation circuit it is possible to
maximize the demonstrated benefits of the
CellFroth formulations.

As a final remark, CellFroth technology
is ready for larger scale pilot or even indus-
trial scale trials, while an economically viable
production value-chain needs to be defined.
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THE LEADING TRADE FAIR FOR THE
MINING INDUSTRY AND INDUSTRIAL CIRCULAR
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In 2026, FinnMateria will expand to cover the entire life cycle of inorganic material
from mining to refining and recycling. The event showcases the latest technologies
and provides a platform for industry professionals to meet face to face.

READ MORE AND BOOK YOUR STAND
AT FINNMATERIA 2026!

finnmateria.fi
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VT SUSTAINABLE SOLUTIONS
FOR THE MINING INDUSTRY

& , Lubrication solutions - Pumps

Fory = :‘ Lubrication automation of plants, equipment and vehicles Wide range from submersible pumps to slurry pumps etc.

T Fire suppression systems - ¥ . Heat exchangers

| = -'__ For engines, electrical cabinets, and server rooms ¥ ia For energy recovery, temperature control, and cooling
A AW
Maintenance and measurement

For monitoring quality, condition, and environmental factors

Filters

For filtering solid particles at various process stages

1‘ | Engme mtakealrprecleaners

li. For flltenng cuntammants in challenging environments

|
'* ‘ Cabin air filters
{ B Purifying incoming air - hoth undergruund and on the surface

Vibration dampers

For reducing vibration in machinery, equipment, and structures

=L Belts, conveyors, and scrapers

2 Optimizing transmission of minerals and other substances

We understand the demanding requirements that the mining industry
places on equipment and processes. Our solution: durable, efficient, and
safe products, systems, and services that ensure operational reliability
even in the harshest conditions. With YTM, you gain an expert and
solution-driven partner who knows the everyday realities of mining.

@ & X 7T

LIFECYCLE EXPERT PRODUCTION ORIGINAL SPARE
SERVICES SERVICES AND ASSEMBLY PARTS

ytm fi
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UUTISIA ALALTA

Tapojarvi sai kansainvalista tunnustusta tyéturvall

A Tapojarvi on saanut kunnianosoi-
tuksen Eldorado Goldin terveys- ja
turvallisuusohjelmassa, joka palkitsee
erinomaisia positiivisia toimintatapoja.
Tunnustus mydnnettiin laajasta kehi-
tystyosta Skouriesin maanalaisessa
kaivoksessa, jossa liilkenne- ja jalankul-
kijaturvallisuutta parannettiin merkit-
tavasti.
A Tapojarven tiimi Skouriesissa tunnisti
jaraportoi useita riskeja kaivosalueella ja
laati vaiheittaisen parannussuunnitelman.
Tyo toteutettiin vahaliikenteisen paasiais-
ajan aikana, ja siihen sisaltyi pysakoin-
tialueiden laajentaminen, jalankulku- ja
ajoreittien erottaminen seka uusien liiken-
teenohjaustoimenpiteiden kayttéonotto.

- Keskeinen parannus oli jalankulkijoi-
den ja ajoneuvojen erottaminen portaa-
lin sisdankaynnill, mika vahensi onnet-
tomuusriskia. Esimerkiksi tyontekijoita
kuljettava bussi ottaa matkustajat kyytiin
ja jattaa heidat pois nyt turvallisella, liiken-
teelta suljetulla alueella, palkintoperusteis-
satodetaan.

CEMIS

Measurement technologies
and data expertise

CSC - IT Centre for Science

especially for industry and SMEs.

LUMI aika

Kajaani University of Appli

— Valuable metal recovery

— Industrial maintenance
VR/AR-technologies for simulations a
— Robotics

— Al and data analytics
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Do you want to develop your business faster and more efficiently? One of the
world’s most powerful supercomputers, EuroHPC LUMI, is also available to
companies. CSC's and AIKA Ecosystems experts support companies in harnessing
high-performance computing and artificial intelligence. Our services are tailored

ICT Solutions for Brilliant Minds

— Physical and/or chemical wastewater treatment techniques

Active projects AWE, INNOMIN and KAKE.

isuustyostaan

Toimenpiteet ovat jo edesauttaneet
kaivoksen tuotannon kasvua, ja Skouriesin
maanalainen kaivostiimi on saavuttanut
nyt 969 perakkaista paivaa ilman poissa-
oloon johtanutta tapaturmaa (LTI).

- Tama tunnustus on osoitus Hellas
Goldin ja Tapojéarven vahvasta yhteistyos-

ta kaivoksen turvallisuuden edistamisessa.

Turvalliset tyotavat ovat kaikkien vastuul-
la, sanoo Janne Harju, Tapojarven tuotan-
topaallikko Kreikassa.

Eldorado Goldin mukaan Tapojarven
aloite on erinomainen esimerkki siita, kuin-
ka tuotannon kasvu voidaan saavuttaa
tinkimatta turvallisuudesta. Uusi liiken-
nesuunnitelma mahdollistaa seké turvalli-
semman etta sujuvamman liikenteen kai-
vosalueella. A

TEKSTI: TIINA NOUSIAINEN

| N—
—

UOMARI

ed Sciences

nd digital twins

The Unit of Measurement
Technology, University of Oulu

— Real-time environmental
monitoring

— Electrochemistry, optical
measurement methods and
imaging measurements

— Chemical analytics
Drone technologies

Active projects ACRA, ATP,
AWE, KAIVESI, MESI and

Welcome to
meet us at
booth C17

Co-funded by
the European Unlon




Resourcing a sustainable future:
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r. Lauri Uotinen was appointed

as Assistant Professor of Rock

Engineering at Aalto University’s

Department of Civil Engineer-
ing as of the 1* of September 2025. His role
strengthens Aalto’s profile in rock engineer-
ing and mining technology. Both areas are
essential for securing raw material supply in
Finland and across Europe.

Uotinen’s research focuses on the behav-
ior of fractured rock and on the methods to
ensure safety in underground spaces. His
expertise lies in high-resolution photogram-
metry and rock stress inversion methods,
combined with detailed studies of fracture
mechanics and sampling scale effects. These
approaches are directly applicable to stope
design, slope stability, groundwater flow mod-
elling, risk assessment in deep mines, and
long-term geological storage projects. In his
new role, Uotinen plans to make full use of
Aaltos unique infrastructure, including the
Underground Research Laboratory of Aal-
to (URLA), state-of-the art rock mechanics
testing facilities, and structure-from-motion
photogrammetry methods. “My vision is to
build a research group where complemen-
tary expertise comes together and where
solutions are developed across disciplinary
boundaries in close dialogue with the min-
ing industry; he says.

He has been closely involved in the Acad-
emy of Finlands Mineral Resources and
Material Substitution (MISU) programme.
Within this framework, the GAGS project
(Geophysical and Geochemical Methods
for Stope Design) developed new geophys-
ical and geochemical approaches to support
safer and more efficient stope design. One
example is the use of laser-induced break-
down spectroscopy (LIBS) together with
high-resolution photogrammetry to ena-
ble semi-automatic rock mass classification.
These techniques can be used to identify haz-
ardous zones, reduce the risk of collapses or

niversr
generatio
neers

Photo: Sandvik

rockfalls,and provide valuable structural data
to support mine design and resource model-
ling. The international ORMID project (On-
line Risk Management in Deep Mines), car-
ried out with Canadian partners, pioneered
real-time stress monitoring concepts to im-
prove worker safety and production continu-
ity in deep mining environments. Together,
these mining research projects demonstrate
how Aalto can directly contribute to safer and
more productive mining operations.
International collaboration and educa-
tion are also central to Uotinen’s agenda. He
isactively involved in the European Mining
Course (EMC),a joint two-year master’s pro-
gram run by Aalto University, RWTH Aachen
University (Germany), and Montanuniver-
sitdt Leoben (Austria). Students spend one
semester at each university and complete a
thesis with an industry partner, covering the
full life cycle of mineral resources from mod-
eling and mine planning to mineral process-
ing and metallurgy, as well as environmental
and safety issues, providing direct connec-
tions to the international mining industry.
The programme offers companies access to
highly trained graduates and fosters a strong
international alumni network.

Aalto University is searching mine sites
interested in piloting LIBS or photogramme-
try-based rock mass classification methods.
Each year, several Master’s theses are carried
out in collaboration with the mining indus-
try, and the EMC students are available for
internships between January and March.
These collaborations provide companies with
early access to innovative methods and the
opportunity to engage directly with the next
generation of mining engineers. A

LAURI UOTINEN
ASSISTANT PROFESSOR OF ROCK
ENGINEERING
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THE LOWEST TOTAL DRILLING GOST

Exceptional Performance & Efficiency
superior Durabhility & Longer Tool Life
High-Quality Materials & Rigorous Manufacturing
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More efficiently
to a brighter future.

Tormets is the leading conveyor solutions provider in the Nordics, backed by our own
in-house machine workshop and a dedicated service division.

We design and deliver complete large-scale piping systems and manufacture high-quality
material handling equipment, providing fully customized solutions to support even the most
complex industrial processes.

Our service offering covers everything from precision metalwork and spare parts

manufacturing to expert maintenance and upgrades. We also offer unique capabilities
to repair, maintain, and modernize hydraulic and lubrication systems.

TO rm EtS www.tormets.fi



Mineral separation

Improvement
UX™
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ining companies have globally

been setting goals to increase

profitability. The average ore

grade has at the same time
lowered in various mines. Lower concen-
trate recovery and/or grade leads to lower
profitability. Flotation plays a key role in
concentrator’s profitability by producing
higher grades and higher recovery of the
concentrate.

The University of Newcastle, in collab-
oration with FLS, has developed a novel
flotation technology utilising an inverted
fluidised bed arranged above a system of
inclined channels to enhance the hydro-
dynamics of flotation. The frothless system
allows for stable flotation, enhanced gangue
rejection, and faster kinetics — pushing the
boundaries of concentrate grade, recovery,
and throughput well beyond what is possi-
ble with conventional open tank systems.

The REFLUX™ Flotation Cell (RFC) has
demonstrated several hydrodynamic ad-
vantages over conventional flotation cells.
Various batch, pilot, and full-scale tests on
RFC have been performed. The test results
have shown that this new flotation design
has enhanced the flotation performance by
significantly improving the flotation kinet-
ics, providing a faster rate of flotation, and
reducing the residence time by several orders
of magnitude. Additionally, the design of this
equipment provides better separation effi-
ciency by shifting the grade-recovery curve
in the desired direction,and results in better
selectivity. RFC is developed and tested for
rougher, scavenger, and cleaner circuits of
different commodities such as copper, mo-
lybdenum, gold, nickel, potash, limestone,
lead-zinc, iron ore, and coal.
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Fig. 1 Schematic of REFLUX™ Flotation Cell (RFC)

A schematic of the RFC is shown in Fig-
ure 1. The RFC is essentially a staged flota-
tion device where feed is pre-contacted in
a high shear rate sparger system, ensuring
elevated collision and attachment rates. This

contacted bubbly mixture is transported
downwards into the main chamber of the
RFC, where an air fraction of up to 50% is
present. This consequently provides an order
of magnitude greater bubble surface area for



further collection of floatable material within
the main chamber. The system is frothless,
with the bubbly mixture transported to the
overflow while being washed with fluidiza-
tion water, producing high-grade concen-
trates. The cell operates with a strong posi-
tive bias or downward volumetric flow. The
presence of inclined channels allows for en-
hanced bubble-liquid segregation, affording
downward velocities well over bubble ter-
minal rise rates, which enables it to process
feed fluxes much greater than the typical
industrial limit of about 1 cm/s. The ma-
chine is not flux curve constrained and can
operate at feed and gas fluxes much higher
than in conventional systems, approximately
at 5-7 cm/s.

Implications on circuit design

using RFC technology

An extensive volume of test work has been

conducted utilizing the RFC technology.
Case study: Recovery of metal lost in tail-

ings from rougher flotation in copper/gold

applications or where fines are lost.
Addition of four RFC2000s to an exist-

ing bank of 5x130m’ conventional flotation

cells (Figure 2).

Fig. 2 Case example

Results:

« increase overall recovery by 6-8% com-
pared to doubling the existing flotation
capacity, which recovers only an addi-
tional 3-5%.

« installation footprint reduced by up
to 80%.

o 65% saving in air supply requirement.

« 80% saving in power, with power needed
only for slurry transfer pumping.

« 40% saving in capital cost.

FLS is a leading, full flowsheet minerals
processing supplier to the global mining
industry. We deliver proven technologies
and services across the lifecycle of operations
and have set targets of providing solutions
for zero-emission mining by 2030 with our
MissionZero program. A

TEXT: SWADHIN SAURABH AND
KIMMO KONTOLA
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Kemira

Chemistry with a purpose.
Better every day.

Maximizing output,

minimizing environmental impact

WE UNDERSTAND YOUR NEEDS FOR INCREASED RECOVERY OF COPPER, GOLD
OR IRON AND THE IMPORTANCE OF WATER RECIRCULATION AND REDUCTION

IN YOUR OPERATIONS.

SCAN THE CODE TO GET IN TOUCH -

EX  TRE

90% faster to install,
5X more durable than
cable pull socks

Exstre strain-relieving devices offer cost-effective occupational safety
for mining machinery and other industrial cable strain relief needs. It is
90 % faster to install and 5 x more durable than traditional cable pull
socks. Choose EXSTRE — safe and effective cable strain relief,

for all your needs.

Manufactured, imported, and sold by TJA-Mechanic Oy:
Tommi Alapuranen +358 400 636 990
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WISDOM LED \
lights are designed for
demanding conditions

Wisdom LED lights are designed for demanding
conditions, such as mining, tunnelling, and
government purposes. They are also ideal for
other industries and hobbies. The key benefits of
the lights are quality, safety, durability, high light
output, long operating time, and versatile charging
options.

www.wisdomlamp.fi

- www.exstre.fi
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RULLIA JA KOMPONENTTEJA
MASSATAVARAN KASITTELYYN PALUUESTIMELLA KANNATINRULLATELINE

JKULJETINKATE RUMPUMOOTTORI

. . VARUSTETTU RULLA
RULMECA 0Y tarjoaa laajan TELINE AIPPURULLASTO

valikoiman laadukkaita KUORMAUSKOHDAN
hihnakuljetinkomponentteja
haastaviin kéyttokohteisiin,
valikoimaamme kuuluu muun
muassa telineet, rullat,

RULLILLA

rumpumoottorit ja
komponentit.
TANGENTIAALINEN
ESIPUHDISTIN
KIRISTYSRUMPU
HIHNANOHJAUSRULLA HIHNANPUHDISTIN
KITARUMPU

KUMIKIEKOLLISET OHJAAVA PAINOLLA VARUSTETTU
PALUURULLATELINE / PALUURULLAT PALUURULLATELINE  |KIRISTYSRUMPU
KIINNIKKEET

“ KITARUMPU
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KAIVOSTEOLLISUUS SEMENTTI, ASFALTTI, PUU- JA TERASTEOLLISUUS JA KIERRATYS, MURSKAUS SATAMAT SUOLA- JA
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BIOENERGIA
RULMECA OY
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rulmeca.com R U LM ECN
@ O @ MOVING AHEAD

i«
"o -|_
~

material solutions advancing life °

- |

www.sibelco.com

Sibelco Nordic Oy Ab
Lovbolentie 345
25700 Kemid

MATERIA4 -2025 55



/ero Mine:

Finnish Innovation Turns E-Waste into
Critical Metals for the Green Transition

Europe’s green transition is rapidly increasing demand for critical metals
essential for electric vehicles, batteries, and renewable energy solutions.
At the same time, shortage of metals has become a global challenge.

pening new mines in Europe is

a slow process, with permitting

alone often taking more than

a decade. This has created an
urgent need for alternative solutions along-
side traditional mining. One solution is the
recycling of waste electrical and electronic
equipment (WEEE), whose importance in
securing raw material supply is growing
quickly.

Itis estimated that European WEEE con-
tains metals worth up to €80 billion annu-
ally. Yet less than a quarter of that value is
currently recycled.

Finnish Technology Offers
Low-Carbon Metal Recovery

Finnish company Zero Mine Solutions Oy
applies hydrometallurgical technology to
recover critical raw materials from WEEE
efficiently and with a smaller carbon foot-
print than traditional smelting. The method
is based on patented leaching processes that
separate and refine metals for industrial use.

“Hydrometallurgical processes require
precise design and strict process safety man-
agement. Tapojérvi’s expertise ensures that
this new technology, a prime example of ur-
ban mining, can be implemented safely and
responsibly;” says Juha Koskinen, Tapojarvi’s
R&D Manager.

Initially, the new technology enables the
recovery of gold, silver, copper, and palladi-
um. The next step is to target rare earth ele-
ments such as neodymium, dysprosium, and
terbium. On average, one tonne of discard-
ed circuit boards can yield around 190 kg of
copper, 40 kg of aluminum, 1 kg of silver, 300
grams of gold, and 200 grams of palladium.

Backed by Three
Experienced Partners
Zero Mine is jointly owned by Alva-yhtiot
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Oy, Tapojirvi Oy, and Elker Oy, each with
a distinct role: Alva as an energy company,
Tapojérvi as a mining and industrial services
expert, and Elker as Finland’s producer re-
sponsibility organization for WEEE.

“It is important to understand that Zero
Mine is not a competitor to traditional min-
ing. Conventional mines will still be need-
ed, but we complement them by recycling
raw materials that have already been in use
once; emphasizes Tapojdrvi’s board member
Mauri Kauppi.

From Ash Research to a

Circular Economy Innovation

Zero Mine€’s story began in Jyviskyld in
the 2010s, when Alva and the University
of Jyvéskyld studied the metal content of
incinerator ash. A method was developed
based on carefully defined acid leaching
processes that allowed valuable substances
to be extracted.

The method was patented internation-
ally in Europe, the United States, and China.
Later, the Technology Industries of Finland
proposed applying the method to WEEE,
particularly for recovering rare earth ele-
ments. Research focus shifted from ashes to
printed circuit boards.

Zero Mine:

e Industry: Recovery and recycling
of critical metals (urban mining)

e Businessidea: Patented techno-
logy to extract valuable raw
materials (e.g., gold, silver,
copper, palladium, rare earths,
battery metals) from WEEE, with
verifiable footprint

e  Core: Technology patented in
40 countries, with lower energy
use and carbon footprint as com-
pared to smelting

e  Goal: Strengthen Europe’s raw
material independence and
security of supply, while support-
ing the green transition. First
recycling plant planned in
Jyvaskyl3, as a pilot for Europe-
anrollout

e  Ownership: Joint venture of
Alva, Elker, and Tapojarvi,
developing circular econo-
my solutions into global export
products

e  Customer benefits: Provides
alternatives to virgin raw materi-
als, reduces environmental load,
and supports traceable and ethi-
cal value chains

> www.zeromine.fi

From these boards, Zero Mine success-
fully extracted gold, copper, palladium, and
numerous rare earth metals, all of which
are in increasing demand due to the green
transition.

Zero Mine's patented hydrometallurgical
process involves shredding circuit boards, ap-



plying thermal treatment, and finally leaching
them in carefully calibrated acid solutions.
The method enables the efficient recovery of
metals even in small concentrations, with by
far lower energy use than smelting.

Pre-Commercial

Plant Planned in Jyviskyla

The company is preparing a €40-50 million
investment in a pre-commercial recycling
facility in Jyvaskyld. According to calcula-
tions, the plant could process three tonnes of
circuit boards per day, amounting to about
one thousand tonnes annually.

The project still faces multiple steps: en-
vironmental impact assessments, chemical
permits, and other regulatory processes are
underway. Pilot operations are expected to
begin next year, but commercial-scale op-
erations will not be possible until the early
2030s at the earliest.

“Even at a pre-commercial scale the busi-
ness case is positive, but more important-
ly, we need to fine-tune the process for full
commercial deployment,”says Risto Ryymin,
Acting CEO of Zero Mine.

Globally Scalable Technology
Zero Mine’s solution directly supports the
objectives of the EU’s Critical Raw Materials
Act and Circular Economy Strategy, which
aim to secure access to critical raw materi-
als and strengthen Europes self-sufficiency.
Geopolitical tensions and supply chain dis-
ruptions have only increased the urgency
for Europe to develop domestic,low-carbon
solutions for critical metal recovery.

The company’s technology is patented in
over 40 countries,and it is currently seeking

IMA

Engineering

TAP@RIARVI

TURN YOUR
WASTE TO ORE.

SORTING SERVICE FOR
WASTE AND MARGINAL
ORE STOCKPILES.

NOW AVAILABLE BY IMA
ENGINEERING AND TAPOJARVI.

ENQUIRIES TO SALES@IMA.FI

Printed Circuit Boards in E-Waste: A Hidden Treasure

of Critical Metals

Globally, waste electrical and electronic equipment (WEEE) is one of the fas-
test-growing waste streams. According to the Global E-Waste Monitor 2024,
volumes are expected to increase from 62 million tonnes in 2022 to 82 million

tonnes by 2030.

Printed circuit boards represent about 3,1% of this waste. They are among the
richest sources of critical metals, highlighting the enormous resource potential.

P www.zeromine.fi

investors and strategic partners to support
commercialization. Scalability is the critical
factor. One facility can handle only a fraction
of Europe’s WEEE, so real impact requires
multiple plants across different countries.
“Our innovation significantly reduces
electronic waste streams while securing the

availability of critical raw materials. From
Finland it is possible to expand this solution
across Europe,” Ryymin notes.

The planned Jyviskyld facility will serve
as the pilot for this European expansion. A

TEXT: TIINA NOUSIAINEN
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Digital leap for better
environmental and
financial performance

Metso Geminex™ is a science-based digital twin for managing variability and optimizing resources.
The unique solution simulates and optimizes seamless sustainable operations in minerals, pyro-
and hydrometallurgical processes by combining operational dafa from both infernal and external
sources.

With Geminex™, alternative operational scenarios and parameters can be efficiently simulated
and tested based on accurate process models and real data. It provides invaluable information for
short- and long-term decision-making and allows operations to use resources in an optimal way
while considering both impacts and constraints.

We will be participating in the Fennoscandian Exploration and Mining (FEM) event in Levi from
October 28 to 30, 2025. Welcome to meet our experts at booth B30

metso.com M e tSO
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xylem

Smarter Dewatering for
Mines and Quarries

Today’s mining operations are increasingly complex and
water-intensive. Xylem can help you maintain profitability
while ensuring environmental compliance. For example,
our smart dewatering pump controller, Flygt Pareo,

can reduce maintenance costs of existing

dewatering pumps by up to 70%.

Ask us today how we can help you to
improve your operation’s efficiency!

Veli-Matti Tiilikainen
+358 10 320 8564
veli-matti.tiilikainen@xylem.com

Al T

READY
FORWORK
/

WURTH WUCON ON ALYKAS LOGISTIIKKA-
JA VARASTONHALLINTAJARJESTELMA,
JOSTA LOYTYY KOLME ERILAISTA VERSIOTA:

11

WUCON Compact 2.0 on élykés varastokaappi, joka
sijoitetaan asiakkaan tiloihin. Se soveltuu erityisen hyvin
tuotantolaitoksiin ja tySpisteiden lGheisyyteen.

TUTUSTU LISAA!
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Reliable & Robust
Conveying Solutions

Customer specific,

heavy-duty bulk material
handling solutions for p
mining, mineral and 1

metallurgical sectors

THE WORLD'S STHON’GEST
STAINLESS STEEL BOLTS

—4 Hopqr Handling like no other

www kopanr.fi

wwrw. bumax-fasteners com

¥ )
i
RF PINCH VALVE

@ Patented No Stretch Tube Folds
@ No scaling or sediment bulld up

@ Tube replacement with valve in
line

Rock Physics Finland

"Your trusted partner in Ready to rock?
valve solutions that are built

to last” Unlock the true potential of your drill core with our

simply better petrophysical services

SLURRY KNIFE GATE

== Woien

@ Fleld replaceable sleeves

-I'J- Ik
© Sizes: 3" fo 48" (DNBO - DN1200)

mi‘fﬁ

WAW. rwalve_mm Oy Rock Physics Finland Ltd | +358 50 374 1106 | www.rockphysics.fi
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Transmission

Condition inspection
Predictive savings through
Endoscopic examination

KATSA

BY TWIN((DISC
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Katsa Service We serve various Katsa Oy Id
ServiceSolutions | industries Tampere, Finfan
katsagears@katsa.fi
«Modeling and « Maritime indust_ry www.katsa.fi
part manufacturing « Pulp and paper industry

-Complete gearboxes « Mining industry [=] %A (=]
-Worn gearbox components « Steel industry A
«Thorough overhauls %

of all gearboxes =] %
« All types of transmissions -



llman tata reikad
tellla el olisi toita

9.-11.9.2025 Outokummun historiaa henkivaan kaivoskaupunkiin, jonne
suosittelemme matkaamaan koko perheen voimin ajan kanssa.

ARELEX2025-ekskursio ponkaistiin

kéyntiin iloisella jalleenndkemiselld

30 hengen voimin tiistai-iltana ren-

nosti saunalla kuvankauniin Sarki-
selan vesiston ddrelld. Aiemmin iltapdivalla
ohjelmassa oli tarjolla FinnCobaltin tarjo-
ama golfkierros Outokummussa. Golfkier-
roksen tulokset julkistettiin saunalla, ja kier-
roksen lahjakkuudeksi paljastui ykkostykki
Ville Anttila. Huikean menestyksen ansiosta
Finncobalt palkitsi Villen pullolla kuohuvaa,
joka luonnollisesti nautittiin saunan lauteilla
suoraan pullon suusta.

Ekskursion folkewestimainen jarjestely-
toimikunta oli unohtanut tilata Sarkiselélle
lisdaikaa péivén pituuteen. Aurinkoisen kelin
pimetessi ja viiletessd osallistujia lammittivét
saunan lisiksi Forcitin taikomat paikallispit-
sat virvoitusjuomineen laiturilla nautiskellen
vanhojen ja uusien ystavien seurassa. Sarki-
selkd antoi parastaan kauniissa syyssddssi
joutsenten laulun sdestiménd vuorimiesten
molskahdellessa laiturilta tyyneen veteen.

Reissun padpdivini eli keskiviikkona vuo-
rimiehet suuntasivat vierailulle GTK Minte-
ciin. Pddsimme tutustumaan Mintecin uusiin

T &

KARELEX2025 osallistujien saunakomitea
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toimisto- ja laboratoriotiloihin Pirjo Seppaldn
jamuiden GTK-kollegoiden ohjaamina seké
kuulemaan GTK Mintecin tutkimusmahdolli-
suuksista aina malmista kaivostoimintaan asti.
Tilat olivat hienot, nykyaikaiset ja uteliaisuut-
ta heréttivat robotteineen ja laitteineen, ja jo-
kainen osallistuja oppi varmasti uutta yksikén
toiminnan laajuudesta. Vaikutuksen tekivét
muun muassa rikastuslaboratorion laajuus,
murskausprosessi ja rikastuspilotointimah-
dollisuudet. Kiteyttadksemme paikan funk-
tion lyhykéisyydessddn lainaamme Pirjoa,
jonka mukaan Mintecilld "tutkitaan kivig”




-

GTK Mintecin vierailu ja oppaat Outokummussa

Mintec -vierailun jilkeen siirryimme lou-
naalle Hotelli Kumpuun. Maukkaan lounaan
jalkiverryttely tehtiin tutustumalla Outokum-
mun kaupungin kaivoshistoriaan Arto Ha-
kolan, Eero Rauhamden ja Klas Swanljungin
vetdmén Outotourin muodossa. Kierroksella
kaveltiin lapi Outokummun geologinen aika-
jana 3500 miljoonan vuoden ajalta ja tutustut-
tiin padpiirteittdin Outokummun kaivoksen
historiaan ja alkuldhteisiin sekd vuorineuvos
Eero Mikisen kivipuistoon Outokummun
vanhalla kaivoksella. Jalkapatikka oli ke-
vyt kolmen tunnin rupeama, jossa ehdim-
me ndhdi kattauksen kaivostyontekijoiden
asuintaloista vanhoihin rautateihin ja mal-
minkuljetuslinjaan seké kaikkeen muuhun,
mitd kaivoskaupungin ympdrille on muo-
dostunut aikanaan. Kierroksella pysahdyttiin
kunnioittamaan kairareika, josta kaikki on
saanut alkunsa. Artoa lainaten: “Ilman tata
reikid teilld ei olisi toitd” Huumorilla varus-
tetuille lukijoille téytyy tarkentaa, ettd talld
kertaa puhe oli Otto Triistedtin kairaamasta
reidstd, josta suotuisaa malmia l6ydettiin ja
jonka myo6td syntyi padtos perustaa kaivos
Outokumpuun. Kierroksen aikana selkeni,
kuinka tarked ja merkittdvd Outokummun
kaivos ja paikallisten henkildiden pitkajantei-
syys ovat olleet Suomen kaivosteollisuudelle.

Lapsiperheille alueelta [6ytyy Lasten kai-
vos, jossa tulevat kaivostyontekijét padsevit
mm. ajamaan kiviautoa ja kiipedméén kai-
vostorniin leikkipuistossa sekd kayttdimasn
kuljettimia. Syddntdmme limmitti myds tieto,

Arto Hakola geologisella aikajanalla

etté lapsille on tarjolla omat opastetut kier-
rokset Vanhalla Kaivoksella, jossa etsitddn
aarteita ja vieraillaan Vuorenhaltijan luona
tunnelissa.

Outotourin jélkeen nautittiin karjalan-
piirakoita ja levihdettiin ennen Kyykerin
Kartanon tyylikéstd illallista. Illallisella kuul-
tiin helmeilevid puheenvuoroja jarjestavalta
taholta, esitelmid sponsoreilta seki laulettiin
muutamat vuoriteemaiset juomalaulut. Kyy-
kerin Kartanon emanti Kaija oli loihtinut
upeat ruoat itsetehtyine karjalanpiirakoineen.
Arton opastamana osa porukasta koki hera-

Vanhan Kaivoksen leikkipuiston
kiviauto

tyksen konjakin nauttimistaktiikasta vuori-
miehen tavoin. Illallisen ja keskusteluiden
lomassa aika kului, kun verkostoja laajen-
nettiin yli jaostorajojen. Illan yliméaraisend
ohjelmanumerona padsimme paikalliseen
Metsahoviin vaihtamaan farkut verkkari-
housuun karaoken séestiména.

Viimeisen KARELEX-péivin ohjelman
kruunasi vierailu Outokummun Vanhaan
kaivosmuseoon. Kierrosta johtivat jilleen
upeat paikallisoppaamme sekd Vanhan kai-
voksen museo-oppaat, ja lisaksi pddsimme
tapaamaan aikanaan kaivoksella tydskennel-
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Vanhan kaivoksen museotunneli

leitd kunniahenkil6itd. Kaivosmuseokierros
aloitettiin 277 metrin pituisesta museotun-
nelista, joka tarjoaa kansalaisille elimyksen
ja jénnittavan oppimispaikan historiallises-
sa ymparistossd. Museotunnelin varrelta
16ytyy valokuvia, vanhoja kaivoskoneita ja
-tyokaluja sekd maanalainen ruokala, jossa
voi kuvitella soppamummon jakaneen rii-
sivellid kaivosmiehille 1900-luvulla. Tunne-
lin kahdeksan C-asteen limpdinen ilmasto
50 metrin syvyydessd on elimédnmakuinen
kokemus, jonne padsevét myos perheen pie-
nemmit uteliaat ihmisalut.

Vanhan kaivoksen alueella tutustuimme
my0s nostokonelaitteeseen, jolla ovat alun
perin nousseet sekd malmi ettd henkil6sto.
Kaivosalueen mien péille kivutessa lamp6
palasi kehoon ja padsimme ihailemaan mai-
semien lisdksi kaivostornia ja murskaamoa
sekd tutustumaan jauhimon tiloihin, jotka
toimivat nykypdivind myds juhlatilana.

Outokummun Vanha Rikastamo kruu-
nasi kierroksen, ja pddsimme utelemaan
vuonna 1928 aloittaneen rikastamon toi-
minnasta. Rikastamon rakentaminen méen
pdélle on jo aikanaan ollut nerokas ratkai-
su, silld rinnerikastamo on hyédyntanyt
korkeuseroja prosessin eri vaiheissa, mika
on vihentinyt pumppaustarvetta. Rinne-
rikastamon rikastusprosessia kuvaavaan
nayttelyyn kannattaa jokaisen vuorimiehen
tutustua. Seurueemme totesi, ettd osa rikas-
tusprosessista ei sindnsé ole tuosta kehitty-
nyt vuosikymmenten aikana, vaan samat
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metodit ovat vieldkin kaytossd. Mitédpd sitd
toimivaa vaihtamaan.

Vanhan kaivoksen tilat ja ymparist6 teki-
vét vaikutuksen vuorimiehiin, ja nykyaikai-
sen mobiilimuseo-oppaan avulla kukin voi
kiyda itsendisesti tutustumassa kohteeseen
sekd saada tietoa Suomen ja Outokummun
kaivoshistoriasta. Outokumpu jatti vuorimie-
hiin pysyvin jéljen ja vahvisti kaivoshistori-
an tietimystimme.

Haluamme kiittad matkan onnistumi-
sesta sponsoreita CRS Laboratories, Forcit,
FinnCobalt, Endomines, Outokummun kau-
punki, sekd Vanha Kaivos. Kiitoksen saavat
myos yhdistyksen jsenet, folkewestiméinen
jarjestelytoimikunta ja paikalliset oppaat, joi-

Vanhan kaivoksen rikastamo

ta ilman reissu ei varmastikaan olisi ollut yhtd
tiedontdyteinen ja ikimuistoinen. Verkostossa
on todistettua voimaa, ja jérjestavaltd tahol-
ta (Kaivos- jalouhinta- sekd Rikastusjaosto)
jo lupailtiin, ettd yhteisekskursioperinnettd
tullaan jatkamaan, ja rikastamaan jaostojen
valistd yhteistoimintaa ja verkostoitumista
myds tulevaisuudessa. A

Matkakertomus on kooste nuorisojdsenten
Eemil Tikkasen & Lassi Pekkasen
muisteloista varttuneempien yhdistys-
jdsenten joukossa, sekd jdrjestelytoimikun-
nan muisteloista.
https://vanhakaivos.com/




CAVEX®2

WE
INNOVATE.

Brief

Deliver up to 3% additional capacity.

Turbulence Reduction
Design a new feed chamber for

an even smoother slurry flow.

Intelligent Performance
with Synertrex*IIoT
Technology

Ensure continual cperation at an
optimum level.

Greater Separation
Efficiency

Reduce the fines reporting
to the underflow and decrease
misplaced coarse particles
to the overflow.

Create a More
Sustainable Hydrocyclone

Reduce water and power consumption.

Up to 30% More Volumetric Capacity =R

Introducing the Cavex® 2 hydrocyclone featuring our newly engineered LIG+™ design, the Minerals
successor of laminar inlet geometry. The result? Up to 30% additional capacity providing significant

savings in a short pay-back period. Plus, our Synertrex® intelligent technology ensures continual

operation at an optimum level, preventing roping and blockages, saving you from unplanned

downtime. But that's not all you’ll be saving. A decrease in water and power consumption means

Cavex® 2 iz more sustainable than ever,

Request a trial of the Cavex® 400CVD today at cavex2.weir www.globalweir



JAN=1= W=

For your wosleiaRcEn

eMine™ makes the all-electric mine possible with purposeful
approach, proven methods, electrification & automation
systems - all integrated from mine to port.

Scan the code to check out ournew whitepaper:

]
' ENGINEERED
TO OUTRUN
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>« MITTA

Trusted expert in independent, precise
and cost-effective:

Geotechnical Investigations
Mineral Exploration

BOT
Rock Chip Sampling

Surveying

UAV/lidar surveying
Terraing Modelling
Tunnel Survey

Laboratory Services

Geotechnical testing for moraine and mine tailings

Environmental Monitoring

loT-stations and cybersecure monitoring system
developed in collaboration with leading mining
companies

mitta.fi Complete lifecycle services from one trusted partner. Mitta is ISO 9001 certified.

enced and reliable mining
and metal industry partner

Sustainable solutions, minimizing of environmental impacts, and

uninterrupted operations are crucial for mining and metals production.

Sweco’s experts have international experience in developing mines

and production facilities. Our services within project management,

engineering and consulting cover all phases of a project. ¥ -

Transforming society together .' SWECO ﬁ
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MADE IN
¥ ® J FINLAND

s o ® o o °
Miilux® Mining Service
We manufacture buckets and truck bodies for mining machines
- and provide full maintenance services for them all year round.

- HARD FROM EDGE TO EDGE - www.miilux.fi * MTG

No limits innovation

68 MATERIA4 -2025



Mining Finland - Viedaan
suomalaista kaivososaamista
maailmalle yhdessa

Suomi tunnetaan vastuullisesta ja huipputeknologisesta kaivos-
teollisuudestaan. Mining Finland ry kokoaa alan osaajat yhteen ja
vie suomalaisen kaivos- ja mineraalialan ratkaisujen viestin maailmalle.

"Uudessa kansallisessa mineraalistrategiassa Mining Finlandilla

on vetovastuu Suomen kaivosteollisuuden arvoketjun viennista ja
kansainvalisista hankkeista. Tule mukaan kehittdmaan, verkostoitumaan ja
viemaan suomalaista osaamista maailmalle - yhdessa.”

Lasse Moilanen, toimitusjohtaja
Mining Finland ry

Haluatko olla mukana rakentamassa Suomen mineraalialan
tulevaisuutta ja verkostoitumassa kansainvalisesti?

Liity jaseneksi ja hyodynna monipuoliset palvelut, nakyvyys ja vientihankkeet.

Tutustu jasenyyteen verkkosivuillamme.

JASENMAKSUT:

Suuret organisaatiot
Yritykset/organisaatiot, joilla on
yli 250 tyontekijaa ja liikevaihto
yli 50 miljoonaa euroa ...
Keskisuuret organisaatiot
Yritykset/organisaatiot, joilla on

== Mining

Finland

Kiitamme pitk3aikaista
toimitusjohtajaamme

Lasse Moilasta arvokkaasta
tyosta ja toivotamme
menestysta BioSO4:n
kasvun rakentamiseen.

Lue lisaa ja hae jaseneksi: www.miningfinland.com.

Seuraaviin tapahtumiin Mining Finlandin yhteis-
osastoille on vield muutamia paikkoja
jasenorganisaatioille ja muille osallistujille:

Mining Indaba 9.-12.2.2026, Kapkaupunki
PDAC 1.-4.3. 2026, Toronto

Responsible Mining and Mineral Technologies
from Finland seminaari, 3.11.2026, Jyvaskyla

Finnmateria 4.-5.11.2026, Jyvaskyla

50-250 tyontekijaa ja lilkevaihto 10-50

miljoonaa euroa .........oeee. 5000 €
Yliopistot ja

muut oppilaitokset.................. 5000 €
Kannattajajasenet.................. 2500 €
Rekisteroidyt

yhdistykset 1000 €
Muut yhdistykset ja

oikeushenkilot 500 €

Pienet organisaatiot
Yritykset/organisaatiot,

joilla on 10-50 tyontekijaa ja liikevaihto
1-10 miljoonaa euroa

Mikroyritykset
Yritykset/organisaatiot,

joilla on alle 10 tyontekijaa ja

liikevaihto alle 1 miljoona euroa
Jasenmaksu on vuosittainen,

kaikki hinnat ovat ALV 0% ......... 1000 €



vEnglneerlng the future

of mining - Together! (+358) 40 5888 644
petri@nordicbulk.com

Nordic Bulk luo innovatiivisia ratkaisuja
suunnittelusta EPC toteutuksiin. nordicbulk.com

v e

FUNKE "\

HYDAC INTERNATIONAL e
o o P ":"15... ' -

Tuotteet

Tiivisteelliset lammonsiirtimet
Putkilammonsiirtimet

Juotetut lammadnsiirtimet
Neste- ja ilmaldmmdnsiirtimet
Automaattitoimiset vesisuodattimet
Prosessi- ja lBmmonsiirtoyksikot

Sovelluskohteet
Lammitys
Jaahdytys
Hoyrytys
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Vastahuuhtelusuodatin tuo
fosfaattikaivokselle merk

ara Siilinjarven fosfaattikaivoksel-
la jauhinvesikiertoon kulkeutuvat
epapuhtaudet tukkivat toistuvasti
Floatexien teetervesiputkia, mika
aiheutti huomattavia kustannuksia. HY-
DAC-vastahuuhtelusuodattimen asentami-
nen ratkaisi ongelman ja auttoi nostamaan
tuotantokapasiteettia.

Yara Siilinjirven fosfaattikaivoksen al-
kuperaiset automaattiset putkisuodattimet
padstivit 1api lilan suuria partikkeleita Floa-
texien teetervesikiertoon. Vesiputkia oli puh-
distettava jatkuvasti, miké aiheutti sekd suoria
ettd vilillisid kustannuksia. Siksi ongelmaan
oli 16ydettéva pysyva ratkaisu.

“Putkisuodattimista lapi padsseet muovi-
set ampulangat tukkivat toistuvasti vesiput-
kien suuttimet, joita jouduttiin puhdistamaan
viikoittain. Tilannetta pahensi myds alkupe-
rdisen suodattimen toimintatapa eli suuri vir-
tausnopeus, joka rikkoi muovit pienempiin
osiin. T4std aiheutuivat useiden prosenttien,
jopaldhes 10 prosentin viikoittaiset tuotanto-
tappiot. Ongelman ratkaisemiseksi paadyim-
me hankkimaan alkuperiisen suodattimen
tilalle HYDAC-vastahuuhtelusuodattimen’,
kertoo Yara Siilinjdrven vuoroty6njohtaja
Marko Résédnen.

Suodattimen hankinnan ajkaan Risé-
nen toimi Yara Siilinjarven kunnossapidon
asiantuntijana. Oikeanlaisen suodatintyy-
pin 16ytdmiseksi HYDAC ja Yara Siilinjérvi
testasivat HYDAC-suodatinta vuonna 2012.
Testauksen perusteella HYDAC RF3 -vasta-
huuhtelusuodatin todettiin toimivaksi ja te-
hokkaaksi ratkaisuksi.

Kaivokselle valittiin HYDAC RF3
(DN800) -vastahuuhtelusuodatin, jonka ka-
pasiteetti vastaa kaivoksen tarpeisiin. Suoda-
tin toimitettiin ja asennettiin vuonna 2013.

”Ennen HYDAC-suodattimen asenta-
mista jatkuvat huoltoseisokit ja puhdistami-
set aiheuttivat tuotantohévioité sekd nostivat
henkilostokustannuksia, energiakustannuk-
sia ja vedenkulutusta. Nyt tasainen ja ener-
giatehokas prosessi sddstdd aikaa, rahaa ja

Ittavia saasto)a

energiaa sekd vahentdd hukkaveden méarad’,
summaa Rdsanen.

Vastahuuhtelusuodatin saastaa
energiaa ja vetta

HYDAC RF3-8 (DN800) -suodattimen
asentaminen edesauttoi huomattavasti Yara
Siilinjarven fosfaattikaivosta kasvattamaan
tuotantokapasiteettiaan. Varmatoimisen
suodattimen ansiosta kaivoksen tuotanto-
prosessi on merkittdvasti aiempaa vakaampi.

HYDAC RF3 -suodatin mitoitetaan
alhaiselle 0,05-0,1 bar léhtépainehéviol-
le. Vastahuuhtelu suoritetaan noin 0,5 bar
paine-erossa, joten suodattimen toimiessa
oikein ei painehdvié padse kasvamaan sitd
suuremmaksi. HYDAC RF3 -suodattimen
tuoma energiansadsto kohoaa jopa kym-
meniin tuhansiin euroihin vuodessa, kos-
ka alkuperdinen suodatin aiheutti proses-
siin yli yhden barin painehavién virtauksen
ollessa 5 500 m*/h. Suodattimen tukkeutuessa
energiahukka lisadntyi, silld pumpun tuot-
toa oli korotettava, jotta prosessiin saatiin
haluttu vesiméara.

”Olemme tyytyviisid valintaamme. Lai-
te modifioitiin juuri meidén tarpeisiimme.
Yhteistyo HYDACin kanssa on ollut erittdin
toimivaa, ja asennus tapahtui sujuvasti tiukas-
ta aikataulusta huolimatta”, Rdsdnen kertoo.

Vuosien mittaan Floatexien teeterve-
siprosessia on optimoitu yhteistyssa HY-
DACin asiantuntijoiden kanssa. Yara Siilin-
jarven kaivoksella on lisaksi kdytossd useita
pienempid HYDAC-suodattimia.

"HYDAC toimittaa laitteita laajalle toi-
mialueelle ja heilld on tietotaitoa, jonka an-
siosta heilté saa aina apua ja parannusehdo-
tuksia niin Euroopasta kuin paikallisestikin.
Piddmme arvossa my6s HYDACin tarjoamaa
toimintatakuuta’, sanoo Rasénen.

TEKSTI: MERI MAUKONEN

Lue lisda osoitteessa:
hydac.com/fi-fi/vedenkaesittely-avain
-parempaan-kestaevyyteen/

Teksti julkaistu aeimmin:
Vastahuuhtelusuodatin tuo fosfaattikai-

vokselle merkittévii sdastoja | HYDAC

Lahde: https://www.enertec.fi
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PCS-Engineering Oy
— Reliable Partner

PCS-Engineering Oy on asiantunteva teollisuuden
automaation ja sahkoistyksen kokonaistoimittaja.

Olemme toteuttaneet suoraan ja yhdessa yhteistydkumppaniemme kanssa
kotimaisia ja kansainvalisia automaatio- ja séahkoistysprojekteja jo vuodesta
2004 saakka.

PCS-Engineering Oy edustaa ja tekee yhteisty6td merkittavien kansainvalisesti
tunnettujen laitetoimittajien kanssa (mm. Siemens, ABB, Valmet, Beckhoff).

Olemme valtuutettu ABB Value Provider sekéd Siemens System,
Service & Solution Partner.

Meilla on toimipisteet Suomessa Oulussa, Jyvaskylassa, Seindjoella ja
Rovaniemelld seké& Virossa Tallinnassa.

Value Provider for Your Success

ENGINEERING OY

PCS-Engineering Oy
Kiertorata 17 DF3
90440 KEMPELE

PCS-Engineering Oy
Ahlmaninkatu 2 E
40100 JYVASKYLA

PCS-Engineering Oy
Tiedekatu 2 D330
60320 SEINAJOKI

PCS-Engineering Oy
Lampelankatu 24 C1
96320 ROVANIEMI

PCS-Engineering OU
Kadaka tee 63-129
12915 TALLINN EST

pcs@pcs-engineering.fi
https://pcs-engineering.fi
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I Mining Finland

LASSE MOILANEN
TOIMITUSJOHTAJA
MINING FINLAND
+35850 3888473

Kohti vuoden 2026 suurinta kaivostapahtumaa -
FinnMateria kasvaa ja kokoaa alan yhteen

Lammin kiitos Lapin Liitolle FEM 2025:n jérjestdémisestd. Kun FEM
kéynnistyy marraskuussa, on hyvé suunnata katseet jo seuraavaan
koko alan huipputapahtumaan: FinnMateria 2026. Jyviskyldssa
jarjestettava FinnMateria on kasvanut kansallisesta tapahtumasta
yhdeksi Pohjois-Euroopan merkittdvimmisté kaivos- ja mineraa-
lialan kohtaamispaikoista - ja kasvu jatkuu.

Suomen mineraalistrategian yhtend tavoitteena on rakentaa
FinnMateriasta yksi Euroopan johtavista tapahtumista, joka kokoaa
yhteen koko arvoketjun. Tdma ei ole endd vain visio, vaan etenee
vauhdilla. FinnMaterian vahvuutena on se, ettd tapahtuma suunni-
tellaan yhdessd alan huippuorganisaatioiden kanssa, mika varmis-
taa ohjelman ajankohtaisuuden ja sisdllon laadun.

Vuonna 2026 Mining Finlandilla on FinnMateriassa 32 jasen-
organisaation yhteisosasto keskeiselld paikalla, ja suurin osa 166 ja-
senestimme on mukana omilla osastoillaan, tapahtumavieraina tai
avaamassamme seminaarissa Respornsible Mining and Mineral Proces-
sing Technologies from Nordic. Seminaari nostaa esiin pohjoismaista
osaamista vastuullisuudessa ja jalostusteknologiassa.

Yhteisosasto tarjoaa erityisesti kasvuyrityksille nakyvyytté ja
mahdollisuuden kansainviliseen esiinmarssiin ilman yksin raken-
tamisen taakkaa. FinnMateria on myds ainutlaatuinen verkostoi-
tumispaikka - sielld kasvuyritykset ja alasta kiinnostuneet voivat
kohdata alan globaalit huippuosaajat, kansainviliset sijoittajat ja tu-
levaisuuden kumppanit. Téllaiset kontaktit voivat avata ovia uusille
markkinoille ja vauhdittaa koko alan kansainvélistymista.

Jyviskylan Paviljonki ansaitsee kiitoksen tapahtumapaikkana.
Se on muokkaantunut FinnMaterian kasvaessa, ja paviljongin orga-
nisaatio on yhdessi Jyvéskyldn kaupungin ja kotimaisten huippu-
osaajien kanssa rakentanut tapahtuman vastaamaan globaalin kai-
vosteollisuuden toiveisiin. Kiertotalouden tuominen osaksi vuoden
2026 messujen aihealuetta on erinomainen esimerkKki siitd, miten
oivaltava organisaatio mukauttaa tapahtumaa alan kansainvalisiin
tarpeisiin. Ndin FinnMateria kattaa koko kaivosteollisuuden arvo-
ketjun entisté laajemmin ja ajankohtaisemmin.

Mining Finland panostaa kansainviliseen nakyvyyteen yhdessa
Team Finlandin ja jasentemme kanssa. PDAC, Mining Indaba, ZI-
MEC ja Exponor ovat esimerkkeji tapahtumista, joissa Suomi-osas-
tot ovat nousseet Euroopan suurimpiin. Ndissa verkostoidutaan, opi-
taan markkinoista ja avataan vientimahdollisuuksia - aivan kuten
myos FinnMateriassa.

FinnMateria 2026 on tilaisuus, jota ei kannata ohittaa. Se ko-
koaa yhteen toimijat kaivoksista tutkimukseen, koneista prosessei-
hin ja palveluista kestavyyteen. Toivotan limpimisti tervetulleiksi
niin vanhat kumppanit kuin uudet tulijat - ndhdaan Jyvaskylassa
rakentamassa tulevaisuutta yhdessé! Jos haluat mukaan Mining
Finlandin messuosastolle tai seminaariin, ota rohkeasti yhteyttd —
paikkoja varataan parhaillaan. A
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DIMECC on-line

MAKE in Finland rakentaa dlykkaampaa valmistavaa
teollisuutta yli 50 yrityksen voimin

Valmistavan teollisuuden toimijoita yhdis-
tavd MAKE in Finland on kasvanut reilussa
vuodessa ldhes 60 yrityksen ja 400 asian-
tuntijan yhteisoksi. MAKEssa rakennetaan
alykkdampaa ja vahvempaa valmistavan
teollisuuden tulevaisuutta vahvan yhteistyon,
luottamuksen ja avoimuuden kautta.
MAKE-ekosysteemiin haluttiin alusta
alkaen koota koko arvoketjun toimijat val-
mistajista palveluntarjoajiin. Ekosysteemin
tavoite on vahvistaa kilpailukyky, vauhdit-
taa kestdvdd kasvua ja synnyttad uudenlais-
ta yhteistyotd, joka ylittdd perinteiset rajat.
“MAKE ei ole projekti tai ohjelma. Se
on eldva yhteisd, joka rakentuu luottamuk-
selle ja avoimuudelle. Haluamme varmistaa,
ettd valmistavalla teollisuudella on parhaat
mahdolliset edellytykset yhteistyohon, silla
yhteisty6 on todellinen kilpailuetumme’, sa-
noo MAKE in Finlandin ekosysteemijohtaja
Clémentine Arpiainen DIMECC Oy:sta.

Lahtdisin teollisuudesta

MAKE sai alkunsa syksylld 2023, kun suoma-
laisen teknologia- ja valmistavan teollisuuden
johtajat halusivat luoda uudenlaisen, teolli-
suuslahtoisen yhteisén viemdan koko alan
tulevaisuutta eteenpéin. Teknologiateollisuus
tuki ajatusta. Toteuttajaksi valittiin kokenut
ekosysteemien rakentaja DIMECC Oy. Viral-
lisesti MAKE in Finland perustettiin kesi-
kuussa 2024, jolloin 16 perustajakumppania
sopi yhteisestd missiosta ja toimintamalleista.
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MAKE edistdd valmistavan teollisuuden
menestystd verkostoitumisen ja tiedonjaon,
yhteiskehittimisen ja innovaatioiden, osaa-
misen kehittdmisen seké strategisen vaikut-
tamisen kautta.

Konkreettisia toimia
MAKEssa tiedonjakamista ja yhteisty6td
vauhdittavat neljd asiantuntijaverkostoa
(Expert Networks), joissa tunnistetaan uusia
yhteiskehitystarpeita ja luodaan ratkaisuja,
joihin yksittdinen yritys ei yksin pystyisi.
Suomenkielisten verkostojen teemat kattavat
koneistuksen, valmistuksen ja materiaalit.
Englanninkielisten verkostojen teemoina
ovat Design, Assembly, Quality and Logis-
tics; Sustainability, Occupational Safety and
Health, and Data Driven Manufacturing.
Vain yhden vuoden aikana ekosysteemis-
sd on jdrjestetty jo yli 50 yhteistyGtapahtumaa
- webinaareista ja koulutuksista tehdasvie-
railuihin ja verkostotapaamisiin. Naissd on
syntynyt uusia kontakteja, osaamista ja konk-
reettisia kehitysprojekteja. MAKE in Finland
on lyhyessé ajassa vakiinnuttanut asemansa
vahvana valmistavan teollisuuden yhteiséna.

Rohkeaa johtajuutta tarvitaan

MAKE panostaa my0s strategiseen vaikutta-
miseen. Tavoitteena on vahvistaa suomalaista
valmistavaa teollisuutta jatkuvan muutoksen
keskelld, ja siihen tarvitaan rohkeaa joh-
tajuutta. Yksi esimerkki tdstd on Rohkeaa

=

MAKE in Finlandin ty6turvallisuuden asiantuntijaverkosto tutustui Sandvikin testikaivokseen Tampereella.

johtajuutta — Kasvua ja kilpailukykydi suo-
malaiselle teollisuudelle -seminaari, jonka
MAKE jérjestad marraskuussa Teknologia
25 -messujen yhteydessd Helsingin Messu-
keskuksessa.

Seminaarissa kuullaan hallitusjasenten
ja johtajien nakemyksid siit4, millaisia toi-
mia tarvitaan, jotta suomalainen teollisuus
pysyy kansainvalisen kilpailun kérjessé. Kes-
kustelijoina on osaajia eri kokoisista yrityk-
sistd, arvoketjun eri osista ja eri sukupolvista.

- Maailma on murroksessa, ja nyt jos
koskaan tarvitsemme rohkeita paatoksii.
Jotta pystymme olemaan teknologisesti ja
muillakin tavoin huipulla, ajattelumuutok-
sen pitad ldhted hallituksista. Jotta tuotan-
tomme pystyisi uudistumaan, sitd ohjaavan
hallituksen pitdd olla rohkea, Clémentine
Arpiainen painottaa.

Teollisuuden tulevaisuus
rakennetaan yhdessa

MAKEn vahvuus perustuu sithen, ettd kaik-
ki toimijat - pienistd pk-yrityksistd suuriin
globaaleihin konserneihin - paisevit hyo-
tymdén yhteisestd tiedosta, osaamisesta ja
kehittdmisestd. MAKE on matalan kustan-
nuksen, mutta korkean vaikuttavuuden malli,
joka tekee Suomesta valmistavan teollisuu-
den uudistumisen edellikavijan. A

TEKSTI: KAISA KAUKOVIRTA, DIMECC
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I Kaivosteollisuus

PEKKA SUOMELA
TOIMINNANJOHTAJA
KAIVOSTEOLLISUUS RY.

Suomalaisen kaivostoiminnan etujen ajaminen EU:ssa

Malminetsint ja kaivostoiminta EU:ssa on edunvalvonnan kannal-
ta monikerroksinen asiavyyhti, koska EU:n péitokset vaikuttavat
suoraan lupaprosesseihin, rahoitukseen, ympéristosadntelyyn ja
markkinoihin.

Erityisesti ymparistolainsaddannon saralla on entisté selvemmin
nihtavissa kehitys, jossa EU:n ja kansallisen lainsaddann6n muutok-
set kulkevat samanaikaisesti - ja valilla toisistaan tietdmattd. Kaup-
papolitiikka ja energiakysymykset ovat keskeisié kaikelle prosessi-
teollisuudelle ja suorastaan erittdin merkityksellisid.

EU-lains&4déntoon vaikuttamisessa aikainen kukko nokkii par-
haiten. Kaikkien on syyta olla hereilld jo ennen direktiivitehtailua.
Erilaiset puiteohjelmat tai strategiavalmistelut tuppaavat muokkautua
lainsdddantohankkeiksi varsin usein, vaikkakin talla hetkelld komis-
sio hieman vetda henked. Geopolitiikalla on merkitysta.

Jasenvaltio Suomen nakékulmasta keskeisié toimijoita ovat mi-
nisteriot ja Brysselin lahetysto. Namé valmistelevat ja muokkaavat
Suomen kantoja neuvoston paitoksentekoprosessiin. Aina ei siis tar-
vitse lennelld Belgiaan, vaan rupattelu ministerion tai eduskunnan
suuntaan voi olla tehokkaampaa.

EU:n toimielimistd komissio on valmistelija ja samalla hyvin kes-
keinen viisas toimija. Neuvosto eli Council on voimakkain ja usein
se paaluttaa linjaukset. Parlamentti on kasvattanut rooliaan, ja siella
kaiken kehittiminen ja paremmin tekeminen pulpahtavat pintaan
joka asiassa. Tdmén vuoksi europarlamentaarikot ovat rooleissa, jois-
ta meidén on oltava perilld ja kiinnostuneita - myos kaivosasioissa.

Kaivosalan vaikuttamisessa meille térkein kumppani on Euromi-
nes, joka on omimmillaan energia-, vastuullisuus- ja ympiristGtee-

moissa. Suomesta Eurominesin jasenid ovat Agnico Eagle Finland,
Metso-konserni, Finnish Minerals Group ja Kaivosteollisuus ry. Bo-
liden on vahvasti lisni ja samoin Anglo American. Teemme paljon
yhteisty6td Sveminin kanssa, silld Suomen ja Ruotsin intressit ovat
hyvin pitkalle samankaltaiset. Brysselista 16ytyy myos Outokummun,
SSAB:n, EK:n ja Teknologiateollisuuden sekd Kemianteollisuuden
kollegoja, joiden kanssa voi kdydé haasteita lapi.

Euromines eli European Association of Mining Industries, Metal
Ores & Industrial Minerals toimii kaivosalan adnend EU:n toimieli-
missa (komissio, parlamentti, neuvosto). Euromines antaa lausuntoja
ja ehdotuksia EU:n lainsdddédntoon liittyen esimerkiksi ymparisto-
vaatimuksiin, kriittisiin raaka-aineisiin, kiertotalouteen, lupaproses-
seihin ja energiaverotukseen. Viime vuosina edunvalvonta on kes-
kittynyt raaka-aineomavaraisuuden edistimiseen seké viestintdin
EU:n kuplassa. Eurooppalainen kaivosperhe on hyvin moninainen,
ja Eurominesin tirked rooli on koota yhteistd nikemysta.

Suomessa kaivokset toimivat tiukkojen ymparistonormien puit-
teissa, miké voidaan kaant4a kilpailueduksi EU:n vihredssd siirtymés-
s4. Koko mineraalitalouden arvoketju on Suomessa hyvin hallinnassa
ja aktiivinen - siksi se toimii esimerkkini koko EU:lle.

GTK, Business Finland ja maakunnalliset toimijat ovat omien
erityisalojensa asiantuntijoita ja tuntevat hyvin my6s EU:n moni-
naiset rahoituskanavat.

Suomalaisen kaivostoiminnan etuja ajetaan EU:ssa parhaiten yh-
distamalld kansallinen vaikuttaminen, aktiivinen rooli Eurominesissa,
pohjoismainen yhteistyd sekd Suomen vahvuuksien (vastuullisuus,
akkumineraalit, kiertotalous) korostaminen. A
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I Metallinjalostajat

FT Harri Leppanen

Metallinjalostajien toimitusjohtajaksi

Filosofian tohtori Harri Leppidnen on va-
littu Metallinjalostajat ry:n toimitusjohta-
jaksi. Hin aloittaa tehtavissaan syyskuun
aikana. Saku Vuori palaa virkavapaansa
padttyessid Geologian tutkimuskeskuksen
tutkimus- ja innovaatiotoiminnasta vas-
taavaksi johtajaksi.

“Kotimaisella metallinjalostuksella on
keskeinen rooli koko yhteiskunnassa. Sen
vaikutus ulottuu aina arjen infrastruktuuris-
ta vihredn siirtyman mahdollistaviin ratkai-
suihin. Ala tuottaa vastuullisesti jalostettuja
materiaaleja ja synnyttad Suomelle tirkeitd
vientituloja. Tassa tehtdvissd padsen tuke-
maan alan kilpailukykyé ja uudistumista
keskell suuria globaaleja muutoksia, ja juuri
siksi timai tehtdva tuntuu poikkeuksellisen
merkitykselliseltd’, Harri Leppénen toteaa.

Metallinjalostajat ry:n toimitusjohtajana Harri Leppénen vas-
taa toimialan elinkeinopoliittisesta edunvalvonnasta. Suomalaisen
metallien jalostuksen kilpailukyvyn ja investointien edistiminen
on térkead paitsi talouden myds huoltovarmuuden nikokulmasta.

”Olemme erittdin tyytyviisid voidessamme toivottaa Harrin ter-
vetulleeksi Metallinjalostajat ry:n uudeksi toimitusjohtajaksi. Hinen
laaja-alainen ja pitkdaikainen kokemuksensa terésteollisuuden eri
osa-alueilta sekd aiemmissa tehtavissi osoittamansa vahva vaikutta-
juus luovat erinomaiset edellytykset menesty tdssd vaativassa roo-
lissa. Uskomme, ettd Harrin asiantuntemus ja strateginen ndkemys
tukevat vahvasti Metallinjalostajien tulevaa kehitysta ja toiminnan

pitkdjanteista tavoitteiden saavuttamista’,

toteaa valintaprosessia johtanut Metallin-

jalostajat ry:n hallituksen puheenjohtaja
\ Martti Sassi.

Metallinjalostajat ry on Teknologia-
teollisuus ry:n toimialayhdistys, ja metal-
linjalostus on yksi teknologiateollisuuden
paatoimialoista. Teknologiateollisuuden
toimitusjohtaja Minna Helle toivottaa
Harri Leppésen lampimésti tervetulleek-
si joukkoon.

”Metallinjalostus on keskeinen tekija
teollisuuden raaka-aineiden saatavuuden
varmistamisessa ja kotimaisten arvoketjujen
kestévin kehityksen edistamisessd. Alan pa-
nostukset kiertotalouteen ja vahapaastoisiin
tuotantomenetelmiin ovat avainasemassa,
kun Suomi tavoittelee hiilineutraaliutta vuoteen 2035 mennessa. Nai-
den toimien kautta metallinjalostus vahvistaa kokonaisten toimitus-
ketjujen vastuullisuutta. On ilo toivottaa tehtdvian Harrin kaltainen
kokenut ja sitoutunut johtaja, jolla on vahva ymmirrys alan pitké-
janteisestd roolista, Minna Helle toteaa. A

Lisitietoja:

Metallinjalostajat ry:n hallituksen puheenjohtaja
Martti Sassi, puhelin +358 40 841 1539
Teknologiateollisuus ry:n toimitusjohtaja
Minna Helle, puhelin +358 50 341 4884

FT Harri Leppénen, puhelin +358 40 557 8939

MATERIA3-2025 77



v

KOLUMNI

PERTTI VOUTILAINEN

Muuttuuko ihminen?

Otsikossa etsitddn meille kaikille tutun virolaisen oopperalaulajan
Georg Otsin sanoin vastausta kysymykseen siitd, mihin ihminen
oikein on kehityksessddn matkalla. Ots esitti my6s lisakysymyksen
mahdollisen muutoksen suunnasta. Han ei julkisesti halunnut ottaa
kantaa asiaan, koska eli kommunistisen neuvostoyhteiskunnan ra-
joitusten alaisena. Nakyvi kritiikki olisi saattanut katkaista kansan
suosikiksi nousseen taiteilijan uran. Oli parempi kitked harmitus
iloisten rallien alle. Virolaiset kylld nakivit totuuden. Saarenmaan
valssissa kuvatut neuvostosotilaiden kiiltavét napit olivat todellisuu-
dessa irvailua eivitka ihailua.

Uutiset maailmalta kertovat kauhistuttavia tietoja ihmisen pa-
huudesta. Diktaattorit tekevit kansanmurhaa monessa paikassa.
Sellaiseen syyllistyy my6s mies, joka johtaa holokaustin julman tap-
pamisen uhriksi joutunutta kansaa. Eipé ole tapahtuneesta mitdén
opittu. Tavaksi on jopa tullut avoimesti kertoa tappamisen tavoitteis-
ta. Hitlerin kannattajat vield yrittivat salata tekojaan.

Edelld kerrotun perusteella on selvi, ettei ihminen ole ainakaan
paremmaksi muuttumassa. Mutta muuttuuko huonommaksikaan?
Siihen saadaan vastauksia vasta pitemmill ajalla. Huonolta néyttaa.

Olen saattanut itseni hankalaan tilanteeseen. Edellisessd kolum-
nissani yritin vakuuttaa, etteivit asiat valttimétté ole niin huonosti
kuin miltd ne ndyttavit. Nyt joudun asettamaan tuon arvion kyseen-
alaiseksi. Mutta periksi en anna. Jos ei ihminen koko maapalloa ydin-
pommilla tuhoa, 44 vieldkin mahdollisuus jarjen voittoon. Jossakin
sen siemen vield eld4.

Hyvidkin kerrottavaa on paljon. Penkkiurheilijalle kesd oli mah-
tava. Televisio tarjosi péivittdin suoria ldhetyksid suurista urheilu-
tapahtumista. Ja kun illan péitteeksi saimme usein nihd4 Bond-
elokuvan, oli paivé tiydellinen. Minuun tekivét suuren vaikutuksen
nuorten kilpailut. Nahtiin eri puolilta maailmaa tulleita nuoria, jotka
kilpailivat rehdisti ja kayttaytyivit hienosti. Lipsahti kerran televi-
sion kaukosaddinté ohjaava sormeni vadrille nappulalle. Tama ka-
nava néytti kuvaa valtavan isosta joukosta nuoria, joista osa pomppi
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hullun apinan lailla esiintymislavalla hassuissa asuissa rimpyttien
kitaraa ja karjahdellen. Selostaja kertoi, ettd menossa oli tapahtuma,
jota musiikkifestivaaliksi kutsuttiin. Oli monelta soittajalta jadnyt
parta ajamatta ja tukka leikkaamatta. Monella ndytti myds olevan
reikd housun polvessa. Eino Leino runoili viisaasti kun hén kyseli :
”Kylttyyri, kylttyyri, miké se on se kylttyyri, siindpé pulma on jyyri”
Parasta on vain todeta, ettd meitd riittda moneen 13htoon. Kiireesti
palasin urheilukanavalle sivistyksen pariin. Insindorit ovat onneksi
kehittdneet kaukoséitimen tillaisia tilanteita varten.

Arvaan sohaisseeni ampiaispesdédn, mutta uskon useimpien ha-
luavan muutosta maailman menoon. Uskallan toivoa, ettd ihmisen
muutoksen suunta olisi urheilevan nuorison kiyttaytymisen suun-
taan. Uskoani vahvisti ndhda kilpailijoiden iloisin mielin halaavan
niin voittajia kuin hévigjidkin jokaisen kamppailun jilkeen. Etniset
ja uskomukselliset rajat olivat poissa. Ihon virilld ei ndyttinyt ole-
van merkitystd. Tédssd meille avautuu maailma, jossa kaikki ei vield
olekaan menetetty. Tervetuloa ihmisen muutos!

Eivit kaikki muutokset aina osu naulan kantaan. Ikuisuudelta
tuntuneen kiistelyn jilkeen meilld on nyt innostuttu entiséiméin
vaelluskalojen kutuvesid. Ihmisen mieli on vihrean keskustelun tuok-
sinassa muuttunut niin, ett4 kalat voittivat kilpailun pienten koskien
vesistd. Voimalaitoksia réjaytelldén, jotta kalat padsevét uimaan mui-
naisille elinpaikoilleen. Kovasti ilahduin, kun tdiméan lehdestd luin. Ilo
jai kuitenkin lyhyeksi, kun seuraavana paiviand kerrottiin, ettd ilmas-
ton limpeneminen nostaa pintavesien limpétilaa niin paljon, etteivat
lohikalat pysty niissa elamaan, vaan kuolevat pois. Teetpd siis niin tai
ndin, aina menee véirin pdin. Sellainen on muutosten maailma. A
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Kitkahitsauksen kimpussa, osa 5:

Pyorivan tyokalun kitkahitsaus

Kuten edellisessd, kitkahitsaussarjan neljannessa pakinassa todettiin,
alkoi maailmalta kuulua 1990-luvun alkuvuosina viestejd uuden
tyyppisesté kitkahitsausmenetelméstd. Menetelmai kutsuttiin alusta
lihtien englanninkielisessd terminologiassa nimelld Friction Stir
Welding, joka on sittemmin my®os vakiintunut kiyttoon lyhenteend
FSW. Suomen kielessd timé nimi kdéntyy sananmukaisesti lahinnd
kitkasekoitushitsaukseksi. Sen lisaksi suomen kielessd puhuttiin
aluksi tappikitkahitsauksesta, mutta nykyisin menetelmas kutsutaan
meilld yleisimmin py6rivén tyokalun kitkahitsaukseksi.

Alun perin alumiinilevyjen pdittéisliitosten hitsaamiseen kehi-
tetty menetelmd on periaatteeltaan yksinkertainen, kuten yleensd
kaikki nerokas. Lieridmaisen hitsaustyokalun p4an keskiakselilla on
samanakselinen, mutta ohuempi, niin ikéén lieriémainen tappi. Sen
pituus on aavistuksen verran hitsattavaa ainepaksuutta pienempi.

Liitettavit levyt puristetaan halutusta saumakohdasta péittdin
kiinni toisiinsa ja kiinnitetddn tukevasti alustaansa. Halutulla no-
peudella py6rivé tyokalu tuodaan hitsattavan sauman padhan niin,
ettd sen paksumman osan alapinta asettuu hitsattavien levyjen yla-
pinnan tasoon. Tapin keskiakseli on hitsattavan sauman kohdalla,
ja sen alapda on hiukan levyjen kiinnitysalustan pinnan yldpuolella.

Pyorivé tyokalu painetaan levyjen saumakohtaan ja sitd puriste-
taan voimalla hitsattavien levyjen saumakohtaa vasten. Ty6kalun ja
hitsattavan materiaalin vélinen kitka kuumentaa hitsattavan mate-
riaalin, kunnes se plastisoituu. Puristuksen jatkuessa plastisoitunut
materjaali alkaa virrata tyokalun etupuolelta eli puristuskohdasta
sen takapuolelle, jossa plastisoitunut materiaali muodostaa liitoksen
levyjen vilille perinteisen kitkahitsauksen tapaan kiintedssa tilassa.

Tyokalu liikkkuu pitkin hitsattavaa saumaa nopeudella, jonka
madrittivit sen pydrimisnopeus, puristusvoima ja hitsattavan ma-
teriaalin kuumenemis- eli plastisoitumisnopeus. Tyokalun pak-
summan osan alapinta toimii kitkaa lisddvéina laippana, joka estdd
materiaalin virtaamisen pystysuunnassa ylospdin, ja kiinnitysalusta
rajoittaa virtauksen alaspdin. Tuloksena hitsaussauma muodostuu
koko hitsattavien levyjen ainepaksuuden kattavaksi. Sauma muo-
dostuu myos kiinnitysalustaa vasten olevalle pinnalle tapin pdin ja
alustan valisessd tilassa tapahtuvan plastisoitumisen ja materiaali-
virtauksen ansiosta.

Alumiini on luonteva materiaali kitkahitsattavaksi sen matalan
sulamis- ja plastisoitumisldmpotilan vuoksi. Pyorivan tyokalun kit-
kahitsauksessa tyokalun kokemat limp6- ja mekaaniset rasitukset

jaavit tdlloin alhaisemmiksi, ja hitsausta voidaan suorittaa tyoka-
luterédksistd valmistetuilla tyokaluilla. Kiinnostuksemme kohteeksi
nousikin mahdollisuus kayttdad menetelméid korkeamman sulamis-
lampétilan vuoksi astetta vaikeamman kuparin hitsaukseen.

Tarvittava infrastruktuurikin oli pddosin olemassa. Laitoksen
tyOpajassa oli riittdvin tukeva pystykarainen jyrsinkone, johon oli
helppo toteuttaa tarvittava kiinnitysalusta seka kiinnittimet. Tyoka-
lun hitsausliike voitiin toteuttaa joko manuaalisena tai koneellisena.
Tyokaluja voitiin valmistaa erilaisista tyokalu- ja erikoismateriaaleis-
ta joko bulkki- tai eri tavoin pinnoitettuina versioina.

Ei kun kokeilemaan. Haimme ensi koesarjoissa oikeita tyokalu-
geometrioita ja hitsausparametreja ohuiden, luokkaa 2 mm olevien
levynpaksuuksien hitsaukseen. Néilld ainepaksuuksilla my6s tyoka-
lurasitukset pysyivit pienempind, ja tydkaluteraksiset tyokalut kesti-
vét kohtuullisesti. T4ssa vaiheessa saimme aikaan hyvid, virheettomid
liitoksia melko joutuisasti.

Ainepaksuuden kasvaessa ongelmat tulivat vastaan varsin no-
peasti. Suuremmilla ainepaksuuksilla tydkaluun kohdistuvat mekaa-
niset ja limporasitukset ylittivit tyokaluterdsten kestokyvyn. Erilai-
sista kokeilluista pinnoitteista ei myo6skain ollut merkittédvad apua.

Tyokaluteriksiin verrattuna selvésti korkeampiin limpétiloihin
tarkoitetut korkean ldmpétilan superseokset mahdollistivat tycka-
lumateriaaleina pykéldd suurempien ainepaksuuksien hitsaamisen.
Virheettomid liitoksia saatiin aikaan aina kuuden millimetrin ai-
nepaksuuksiin saakka. Alustavia kokeita tehtiin myds keraamisilla
tyokaluilla, mutta ne paattyivat melko pian tapin katkeamiseen pa-
rannetusta tydkalugeometriasta huolimatta.

Havaintonamme ndistd lihes kolmekymmentd vuotta sitten
tehdyista hyvin kotikutoisista kokeista oli se, ettd kupariin voitiin
tehdd onnistuneita FSW-liitoksia ohuemmilla ainepaksuuksilla ole-
massa olevia tekniikoita ja tyokalumateriaaleja kéyttden. Sittemmin
kehitys on edennyt vauhdilla, ja alumiinin FSW-hitsaus on saavutta-
nut merkittavin aseman laivateollisuudessa mm. kevyiden ylékansi-
rakenteiden valmistamisessa levy-profiiliyhdistelmista.

Kuparin kohdalla on my®6s padsty niin pitkalle, etté useita vuosia
kestdneiden tutkimusten ja testausten jdlkeen FSW on valittu ydinjat-
teiden loppusijoituksessa kéytettavien, ainepaksuudeltaan luokkaa 50
mm ja yli olevien massiivisten kuparikapselien lopullisen sulkemisen
menetelméksi. FSW-hitsausta onkin luonnehdittu viime vuosikym-
menten merkittavimmaksi uutuudeksi hitsaustekniikan alalla. A
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Ensimmadinen péisihteeripalstani on tassd - aloitin tehtd-
vissd syyskuun alussa saatuani hallitukselta mandaatin ja
Tediltd ja Arilta hyvét evait. Kiitos niistd - hyvilld pohjilla
on aina hyvé lahted uusiin seikkailuihin. Onhan timai niin
kuin kotiin tulisi, poissa ollessani brandinsa uudistaneeseen
yhdistykseen, jossa perinteet ovat yhi tarkeitd, vaikka uudet
polvet illallisp6ytien vierestd marssivatkin.

Vaikea ehka uskoa, mutta ndma sanat ovat ensimmadiset
koskaan Materia-lehteen kirjoittamani. Suurin syy on tie-
tenkin se, ettei kukaan ole koskaan aiemmin pyytanyt - oiva
aasinsilta pddaiheeseen.

Vuorimiesyhdistys pyorii pitkalti vapaaehtoisvoimin, ja vapaaehtoiset helposti seulotaan
kunkin omasta kuplasta tai kauimmillaan kaverien kavereista. Pddtin kdyttdd timan pals-
tatilan rohkaistakseni teitd kaikkia hakeutumaan yhdistyksen tehtéviin. Eniten resursseja
kaipaa Materia, jossa lehden tekemisestd kiinnostuneita kaivataan lehden toimitukseen ja-
seniksi. Myos toisen péitoimittajan vastuullinen tehtdva on vapaana.

Innostus lehden tekoon ja kiinnostuneisuus alan asioihin on hyva alku. Kokeneet opet-
tavat kaiken muun. Hakeminen onnistuu laittamalla sihkopostia, viestimlld, soittamalla tai
vaikka nykaisemalla hihasta lehden tekijoita.

Jaostojen toimintaan sopii myds hakeutua. Sinne mahtuu myds jo useamman vuoden
jasenend ollut - diversiteettid kaivataan paitsi vanhojen asioiden muisteluun, myés vaikka-
pa teekkari-infoihin kertomaan omasta urastaan. Yhteystietoja yhdistykseen ja Materiaan
on lehden sivulla 5 ja 80 seka nettisivuilla www.vuorimiesyhdistys.fi.

Nyt on teitd kaikkia pyydetty - mukaan vaan!
Mukana taas,

LIISA
PAASIHTEERI
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Kaivosteolli;éuuden
kemikaalit

BRENNTAG

Brenntag Nordic Oy kuuluu
Brenntag-konserniin,

joka on kemikaalijakelun
globaali markkinajohtaja.
Kaivosteollisuudessa
Pohjoismaissa hyédynnamme
globaalia osaamistamme

ja kokemustamme.

Pddtuotteet
Aktiivihiilet
Ditiofosfaatit
Jauhinkuulat (myo6s
kromiseosteiset)
Kupari- ja sinkkisulfaatti
Pélynestoaineet
Kokooja-, painaja-,
vaahdotus-, aktivointi-
sekd pH-saatokemikaalit
rikastukseen
Prosessivesien
kéasittelykemikaalit

Palvelut

* Kemikaalitestaukset
ja konsultaatio

* Varastointi- ja
logistiikkapalvelut

Yhteystiedot

Brenntag Nordic Oy
Mikko Kéhari

puhelin 040 708 7006
mikko.kahari@brenntag.fi

www.brenntag.com




United. Inspired.

Epirocin uusi Minetruck MT42 SG Trolley

Epiroc on tuonut markkinoille uuden maanalaisen sahkoisen dumpperin,
Jjoka mullistaa ramppikuljetukset. Minetruck MT42 SG Trolley on varustettu
pantografilla ja suuren kapasiteetin akulla, joka latautuu jatkuvasti tarjoten

loputtoman tuottavuussyklin. Tama dumpperi toimii jatkuvassa tuotannossa,

jossa se ottaa energiaa pantografin kautta linjasta - lataamalla akun
tarvittaessa ja regeneroimalla sita ramppia alas ajettaessa.

MT“IZ S5G Tl

TROLLEY

& Epiroc

epiroc.com




Custom engineered
fo last longer

Weir ESCO® mining buckets are
designed to deliver unsurpassed
performance and durability. Our buckets
are custom engineered to match the
required capacity and duty cycle for
each application. Mining technology for a sustainable future
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