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BARMAC
ROCK-ON-ROCK CRUSHER

THE PATENTED BARMAC ROCK-ON-ROCK
CRUSHING ACTION

The Tidco Barmac rock-on-rock crusher uses a field proven rock lined rotor that acts as a high velocity
stone pump hurling a continuous rock stream into a tightly packed rock lined crushing chamber.

Material fed into the top of the machine is accelerated in the BARMAC patented rock lined rotor, achieving
extt velocities of up to 90 meters per second. The rator continuously discharges into a highly turbulent
particle cloud contained within the crushing chamber where reduction occurs primarily by rock-on-rock
impact, attrition and abrasion.
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BARMAC CUTS COMMINUTION COSTS

CEMENT CLINKER PREGRNDING EXAMPLE

Mill Data: ]
Make: ESEIITPI'I.jl}I{I 24 % 12m
Capactty:
Ins.ta&u:rtu:rﬁI Powar: 7893 kW
Pregrinder Data:
Make: Barmac 6900 Duopactor
Capacity: 68 TPH
|ns.taHe_F’_qu__ ) 112 kW
Total Plant | Before | After Change
Mill Feed Fi100) 25mm I 3,0mm |
Mill Feed FI80) 18mm 1,6mm
| Capacity 25 TPH 32 TPH 28 % +
| Specific Power AL IKWALT | 27 9 KWAT 1% |
|. Bucket Elevatar T ——
\“ S
M MINERAL SYSTEMS
Bakl Ml
. ROLAC
L e Oy Rolac Ab

- Salmitie 4, 02430 Masala.
Puhelin 90 2976122, Telefax 90 2975587
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WaterrFiush

Lo tecnologia gque estﬁ mmbiando
las pracﬂcus conv

En el presente dia,
WaterFlush®, un sis- ;
tema patentado para la e
reduccion de tamano en

el procesamiento de mine-

rales, esta cambiando la

manera por la cual la

industria minera produce

minerales y ofrece bajos costos

de equipos y operacionales. Otro
gjemplo mas, de porqué, por mas de un
siglo, el nombre Nordberg ha sido el lider de .
la industria minera.

Empezando con el famoso Triturador de Cono
Symons, la tecnologia avanzada del Omnicone, el
alto desempenio de los Trituradores Conos HP y

MP 1000, Nordberg ha estado siempre a la vanguar-
dia de la nueva tecnologia.

lag, hasta‘los Humches@l& Mmai%hadle tiene la
reputacion para la inngvacion, desempenio y bajo
costo operacional como &l Grupo Nordberg.

Para todas sus necesidades en equipos de
En plantas de procesamiento de minerales en todo trituracion de mineria, contactar con su compania
el mundo, desde los Giratérios Primérios y Mandibu- local del Grupo Nordberg.

Bergeaud 5.A., Franl:'-1

Fax: +
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QUTOKUMPU

Outokumpu Technology Oy markkinoi Qutckummun teknologiaa, laitteita ja tietotaitoa

maailmanlaajuisesti.

SUOMALAISTA

HUIPPUTE

Tarjcamme cdistyksellista teknologiaakaivos-
ja metallurgiselle teollisuudelle, mineraalien
kdsittelyyn ja energiantuctantoon, ympériston
suojeluun ja massatavaran kasittelyyn, seka
rakennusteollisuudelle ja pintakésittelyyn.

Outokumpu Technologyn likevaihto on lahes
2 miljardiamarkkaa. Henkilostomme lukumaa-
ra on noin 3 000, ja yli puolet meista tydsken-
telee ulkomailla.

KNIITKKAARA

Qutokumpu Technclogyn mucdostavat:

e Outokumpu Mintec

e Outokumpu Engineering
e Rammer

e Roxcn

e Candor

®

Outokumpu Ecoenergy

Edustamme kaikki cman alamme huippua.

(_) outokumpu technology

2000-luvun louhintarajahdysaine
markkinoilla jo vuoden 1994 alusta!

KEMIX

Vihtavuoren patrunoitu
emulsiorajahdysaine

v,
VIHTAVUORI OY

LOUHINTATARVIKEYKSIKKO

SF - 41330 VIHTAVUORI PUH 3779211 FAX 941 - 3771093




'BUILT ON ROCK

Partek Lappeenranta Works

THE PARTEK ROCK BASED INDUSTRIES IN FINLAND

Partek Partek || . || Partek
Minerals | Sementti | ~*"J¢ || Betonila
v v 4 ¥ v
lime, cement On-Site concrete insulation
industrial construction work, constructions materials

minerals masonry work,
civil engineering

] Partek 50% Metra 50%

Partek 50 % FEuroc 350 % (Partek-Metra 25 %)

f partek
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uotannonsuunnittelu,
tutkimus ja tehtaanjohto
voivat soveltaa tarvit-
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et Automationin
them :I.Il[l autraa
n Juuri sen.

T H noinnin avoimen
syt silutynnan kautta

(aan eri ]QJ]BI'E].-

Sé mumvm:n sovel-

g thenkildstille
paRsyR tihin tetoon
suoraan omalta tyi-
ta. He eivit siis

ST

Luotettavuus ja vhieen-
sopivuus olivar pii-
kriteerit, kun Valmet
Automationin X-valvo-
moratkaisua suunnitel-
tiin, X-ikkunoint toimii
Damatic XD -tekno-
logian kanssa ja siind
kiiytetifin samoja ergo-
nomisia kiivitiperiaattei-
ta. Sovellusten vhteen-
sopivuus mahdollistaa
atkaisempien Damatic
KD -ratkaisujen kityri-

m&essma} Tt
Bvat muidenkin
telmien kautta,

| ristissd,

V4 VALMET Automation

Valmet Automation Oy, PL 237, |entokentinte 11, 33101 Tampere
Puhelin {931) 266 811 ! Telefax (931} 266 8523

WAA KEHITYSTA » JATKUVAA KAYTET

mizsen X-valvomoympi-

Valmet Automationin
Damaric XI:n hajaute-
tun ikkunointijinestel-
min avulla tehtaasi

| maksimoi automaatio-
investointiensa hyddyt.




E&S

Equipment & Services

Materiaalinkasittelylaitteet

* murskaimet

* gyottimet

* seulat

Huolto- ja varaosapalvelut

* Tayden Kympin -ohjelma
tySympériston parantamiseksi

Roxon Oy

* kaivosteollisuudelle * metallin perusteollisuudelie *

walily o Peadles

Keskikankaantie 19
15860 HOLLOLA 2
tel. (918) 890 11
fax. (918) 890 300

rakennusaineteollisuudelle * satamaterminaaleille *

N

MHS

Material Handling Systems

Taydelliset massatavaran-
kasittelyjarjestelmat

* vastaanotto, syéttd, purkaus

* kuljetinjarjestelmat

* homogenisointi ja varastointi
* laivaanlastaus

* sdhkoistys ja automatisointi

Vuorimiesyhdistyksen uudet solmiot

ovat ilmestyneet!
Tilaa omasi!!!

Solmiot on suunnitellut ja
valmistanut Marja Kurki Desing
ja niitd on kahta varia.
Solmioiden materiaalina on
silkKki.

&

Tilauskuponki

Tilaan solmioita a 150 mk seuraavasti:

Viri I-cpl

Punainen

Sininen

Tilaajan nimi

Postimerkki |

Marjatta Parkkinen
Outokumpu Oy

Lahiosoite

PL 280
02101 ESPOO

Postinumero

Postitoimipaikka

Allekirjoitus
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METALLURGISEN IEOLL_I_SUU!?EN
SIVUTUOTTEIDEN HYOTYKAYTTO (moso2y

26.-27.1.1994 Sokos Hotel Vantaa, Hertaksentie 2, Tikkurilan asema-aukio, Vantaa

Teollisuudelia on tulevcisuudessa yhd suurempi vastuu teiminnastaan ja sen
vaikutuksista ympéristdémme. Kansaiavéliset madréykset jo sdaddkset, jotka
ohjaavat yritysten teimintaa, edellytiavét myds valmistusprosessien erl vaiheissa
syntyvien sivuluotieiden hyddyntdmistd tai varastoimisia niin, ettt niisté ei cle
haittaa tai vaarag ympdristéile.

Koulutustilaisuudessa kasitellddn ko. alueen imén péivan jo tulevaisuuden voa:
timuksia seka erilaisia teknitkoita ja ratkaisumalleja asiciden hoitamiseksi.

Kohderyhmd: Koulutustitaisuus on suunnitelio metallurgisen tecllisuuden seka
sen sivutuotleita jalostavien ja kéyttavien yritysten fuotanto- jo kehitystehtéivissa
toimiville asicntuntijoille.

Suunnittelutoimikunta:

Fil.ioht. Aimo Hillunen, SK) yhtiét Oy [puh.joht)

Apul.prof. Heikki Jatkanen, TKK

Vanhempi Iulkija Timo Lintumaa, Qutckumpu Polarit Oy

Teknologia johtajo Heikki Tuovinen, Qutokumpu Research Oy

Tekn_joht. Matti Vatiuloinen, Oy Ekckem Al

Koulutussuunnittelija Jorma Vihinen, AEL - INSKC {siht]

limoittautumiset: l|moitiautumiset 20.1.1994 mennessé,

Puhelimitse {90} 530 7444 10i {%0) 53 071/ Asickaspalvely

Kirjeitse AEL — INSKO/ Asiokaspalvelu, Kaarmatie 4,

00410 HELSINKI. lImaittautuminen vahvistetaan kutsulle ennen filaisuuden alkua.
Jos varattu kurssipaikka jatetaan kdytamétd, peritian 50 % osallistumismaksusta.

Osallistumismaksu: 3 400 mk henkilalta. Maksuun sisélyy koulutustilaisuu-

dessa foettava aineisto sekil ohielmaan merkityt ateriat ja kahwit.

Alennus lentomatkeista: limoittautumisen yhisydessa voi pyytad lentoa
varten [Tkoodin, jolla saa tietyistd Finnairin lennoista 25 % alennuksen.

Majoitus: Osallistujat voivat varata majoituksen suoraan hotelli Vantaasta,
puh. {20] 857 851. Majoitushinto on 490 mk/vrk yhden hengen huoneessa jo
245 mk/vrk/2 hl3.

Lisditietoja: Koulutussuunnitielija Jorma Vikinen, puh. ($0) 530 7258,

KESKIVIIKKO 25.1.
Puheenjohiaja: Fil ioht. Aimo Hilturen, SKJ yhtist Oy
9.00- llmoittautuminen ja kahvi

9.30- Uudistuvan jatelainséiédénnén vaikutukset sivutuot-
teiden jo toisioraaka-aineiden hy&dyntéimiseen
Ympiristinsuojeluasiomies Benny Hasenson,

Teollisuuden ja Tyénantajain Keskusfiitio

Jatelaki- o [gteasetusehdotusten sisélts. Hybdyntmisvelvoittest.
EY:n kierrdtysmadrivkset jo metolliteollisuus, Svomen viranomais-
ten lupa- ja valvontakdytinnén erityis piirteat,

10.30- Sivutvotteiden ja jdtteiden muodostuminen
metallurgisissa prosesseissa
Apul.prof Heikki Jalkanen,
TKK, Materical- jo kalliotekniikan laitos
Professori Lauri Holappa, TKK
Melallurgisten sivutuotteiden {ja jdtteiden} luennehdinta. Racke-
aineiden rocli sivuuctteiden muodostumisessc. Sivutuotteiden
muodostuminen erityyppisissé prosesseissa. Prosessiolosuhteiden
rocli sivutuotieiden ja niiden ominaisuuksien muotoutumisessa.
Sivutuctieiden ja jatteiden kierrétys, Mahdollisuudet sivutuctigiden
medifiointiin primariprosessien yhteydessé.

12.30- Lounas

13.30- Integroidun teréistehtaan sivutuotteet
FK Jukka Putro, Rautarsukki Cy Raohen terdsiehdas
Sivutuotteet: Kuonat,kusaaromut, p3lyt, lietteet, hilseet. Sivutuctei-
den: Madrdt, analyysit, ominaisuudet. Matericalien hyadyntd-
mismahdollisuudet, Nykyliianne Raahen teréstehiaalla.

14.30- Erikoisterdksen valmistuksessa syntyviit
sivutuotteet
Dipl.ins. Hékan Hakulin, Outokumpu Qy
Sivutuotteet, niiden kemialliset koastumukset jo muut
ominaisuudet. Sivutuotieiden varastointia koskevat
médraykset. Nykyinen hydtykdyts. Suunnitelmat
ja mahdollisuudet hydtykéyisn tehastamiseksi.

15.30-
16.00~

17.00-
18.00

18.30-

TORSTAI 27.1,
Puheenjohiaja: Apul prof. Heikki julkanen, TKK

8.00-

9.00- Kupari ja nikkelituotannon sivutuotteet

10.00-

11.00-
12.00-

13.00-
13.30-

14.30-

15.30

INSKO%

Vuorimiesyhdistys ry

Kahvi

Sivutuotesideaineet

Tekn.toht. Tarja Hakkinen, VTT/Rakennustekniikka

Hydrauliset ominaisuudet, kovettumisen perusteet. Tyypilliset voiku-
tukset, Sovelluvat kéiyttdkehteet: betenit, erikoisbetonit/korkealujuus-
betonit, stabilointi/macbetoni.

Metallurgisten sivutuotieiden racka-ginepotentiaa-
lin hy&dyntéminen

Dipl.ins. Pertti Koskinen, YTT/Rakennusmateriaalilaboratorio

Eri sivutuotteiden tecreetfiset mahdollisuudet kysymykseen tulevilla
levillo sovellusalueilla, joita ovat ginakin: sementt ja betoni, muut
rakennusmaleriaalit, esim. kevytosa, maanparannusainest, kerg-
mitkka- ja lasituctiest, erlstysmateriaclit, tulenkestévét materiaalit,

Saunajailtapala

Sivutuotteiden kéyto maarakentamisessa

Teks.toht. Kauko Kujela, Oulun yliopisto/Geatekniikan
laberatorio

Tie- ja maarakentomisen materiaclitekniset vactimuksel. Sivutuot-
feiden fysikaaliset ominaisuuder. Sivutuotteiden sidecineominai-
suuksien hyGdyntéminen maastabiloinnissa. Sivuluotleet ja kae-
rakentaminen,

Dipl.ins. Jaakke Poijéirvi, Outokumpu Hariavalts Metals Oy
Sivutuotteiden muodostuminen, kierréitys ja prosessointi. Kupari-
jo nikkelisulaton kvonot, pélyt ja kaasut. Rikkihappotehtaan
pesuhapot jo sakat. Kuparielekirolyysin cheistuottest ia sakat.
Nikkelitehtaan sakat.

Sinkin valmistus ja sivutuotteet

Keitysjohtajo Aimo Jirvinen, Qutokumpu Kokkole Zine Oy
Sinkkitehdas: prosessi, sivutuotteiden valmistus. Raaka-inest:
Rikastset, muut. Epépuhtaudst: vaikutuksst prosessiin,

lounas

Kierriitysmetallien talteenoto ja prosessointi

Dipl.ins. Erkki Koski-lammi, Kuvsakoski Oy, Heinolan tehtat
Kierratysmetallien talteenotio ja kerdys Suomessa. Metallien
prosessointi ja jalastus metallurgiseen uotantoon sopivaksi
Kuvsakoski Oy:ssd. Jalometallien kierratys. Sinkkivalkoislinja.
Kaapelikésitiely. Heinolan tehtean monimetalliprasessit. Proses-
sointiin liittyvar ongelmat. Tuotannosta syntyvét jétteet ja niiden
mahdelfinen vudelleen kayhs.

Kahvi

Sivutuotteet liiketoimintana

Fil.toht, Aimo Hiltuner, SKI yhtist Oy
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kuin vain ylivoimainen kestivyys

Porauksen iskudynamiikan ja metallien
syvéilinen tuntemus on pohja, jolle ra-
kennamme Sandvik Coromant kallio-
porien ominaisuudet ja korkean laadun.

Sandvik porakalustolla teet suoraa
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Porakaluston kehittamisessa reidn suo-
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Sandvikin porakalusto on nopea
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keutuvuus on tassa keskeinen tekija.

Sanvik Coromant kalustolla teet
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Porakaluston luotettavuus on tyon
hairiéttdmén jatkumisen avain.
Sandvik Coromant kalustaon voit
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masti rasittamatta.

Sandvik Coromant poraka-
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metrit

Laske, mitd poraamasi metrit
maksavat. Sandvik Coromant po-
rakalustolla teet kokonaisuutena
taloudellisimmat metrit,
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The Finnish Association of Mining and Metallurgical Engineers

50th Anniversary Gala Meeting

Opening speech
Chairman, professori Raimo Matikainen

FOUNDING OF THE ASSOCIATION

As the recently published history of our association tells us, on
the 12th of January 1943 twenty-nine mining engineers met in
Helsinki to establish their own association. The engineers rep-
resented eight different companies, while two were there as
private individuals. The purpose of the association was defined
simply as "to promote the development of the mining industry
in Finland, to safeguard the common interests of its members
and to act as a link between them”. The rules of association
further emphasized that the purpose of the association was not
to obtain profit or other direct financial gain for its members.
The society has honoured these unselfish goals it originally set
for itself throughout its fifty year existence.

The history of the Association is very closely linked with the
development of the mining and metallurgical industry in Fin-
land. As aresult of the rapid growth in the number of members,
in 1951 the association divided into three sections, geological,
mining and metallurigical. In 1971 the mineral processing
engineers split away from the mining section to form their own
section. Today, the association has a total of 2040 members, of
whom more than half belong to the metallurgical section. This
division clearly reflects the current state of the industry and the
present demand for engineers, which is mainly for those with
skills in metallurgy and upgrading metals.

The Association of Mining and Metallurgical Engineers was
established largely on the same lines as similar associations in
the other Nordic countries. Close contacts have been maintained
with these associations all this time, just as the industrial sectors
in these countries have worked closely together. During the
difficult period after the 2nd World War in particular, these links
with other Nordic countries were extremely important for us.
Cooperation was not limited to participation in annual major
events, but was evident in very practical ways, especially in
research and education. We have had in particular a wide range
of joint activities with Jernkontoret, the Swedish steel producers
association, in research and generally promoting the interests of
the industry. It should also be remembered that in the 1930s very
many Finnish graduate engineers were actually educated at
Royal Institute of Technology in Stockholm. Cooperation has
continued to this date with the universisites of technology in
both Stockholm and Lulea.

SIGNIFICANCE OF FINLAND’S
MINING INDUSTRY

The mining industry forms the foundation for many diverse
forms of upgrading and manufacturing with metals and mine-
rals. In the production of metals the emphasis is clearly on

exporting, whereas in the industrial minerals sector it is on
products to replace imported goods, serving other parts of
industry such as paper making and construction. The added
value generated by the mining industry is extremely high if we
include the whole chain, from our own mining activity through
to the finished metal or metal product. It is a similar story in the
industrial minerals industry. The effect on employment is truly
considerable if account is taken not just of production activity
itself but also of what has come about as a consequence; this
include the manufacture and export of advanced, internationally
recognized machinery and equipment, as well as local support
services. The mining industry has been a major in regional
development policy.

Having our own natural resources was a vital stimulus in this
development. The copper ore at Outokumpu formed the core of
the industry, but the discovery of many new ore deposits, and the
mining operations that followed, led quickly to the diversifica-
tion of the metallurgical industry, to upgrading and manufactu-
ring of metal products.

This growth required extreme boldness and farsightedness on
the part of engineers and decision-makers at the time, for it was
truly rapid in the 1950s and 1960s. This was a period of
engineer-led building for the whole industrial sector. Unfortu-
nately since this period of intense growth very few exploitable
ore deposits have been found in Finland.

The rise in the number of upgrading plants soon led to an
increased use of foreign concentrates. Indeed, steel production
switched entirely to using imported concentrates. Since Finland
has not had sufficient ore resources, companies have placed
more emphasis on mining joint ventures abroad to guarantee
their supply of raw materials. A company with its own supply of
raw materials as part of its metallurgical production chain
obtains the benefit of synergy, which is of great financial
significance in counteracting external disruptions to the market.
This benefit derives from the fact that for several non-ferrous
metals, the cost of mining activities, and therefore of the
concentrates, may form 60 or even 80 per cent of the market
price of the metal.

One positive feature is that the prospects for mining do seem
to be brightening up slightly, after a long time, even in Finland.
The upgrading chain here needs to be as complete as possible if
it is to provide the long-term, financially solid basis needed for
education and research. The revival of Finnish mining activities
is really essential today if the teaching of geology and mining is
to continue in Finland. Many people have indeed been questio-
ning whether it should, in these times when financial profit is the
only thing that matters. Providing education in Finland does not
in any way limit the international nature of the mining industry.
This has been obvious for the Finnish industry right from the
start, meaning not simply the Nordic countries but also on a
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worldwide level. As an example, starting in 1994 instruction in
mining engineering at Helsinki university will be given in
English.

A FORWARD-THINKING INDUSTRY

The mining industry is a heavy basic industry which has not
been very popular with the public during the so-called "years of
plenty’. People have generally been highly uncomplimentary
about mines and the mining industry, calling it a twilight or
smoke stack industry, for example. This is rather unkind consi-
dering that in Finland the mining industry has on the whole been
very profitable.

Of course industry always has difficulties as well when
international markets and prices fluctuate excessively, but the
industry has provided a huge amount of jobs, and these have
frequently been in developmentregions. The pace of investment
in the metallurgical industry has been really fast in Finland. In
addition to offering increased capacity, this has also maintained
production technology at a very high international level, which
is absolutely necessary if companies are to succeed and be
competitive today.

Even though the ore resources in many of the present metal
mines are depleting fast, the mines have been kept profitable
through the use of mechanization and automation. As far as
industrial minerals are concerned. mineral deposits are clearly
much larger, and marketing is taking on a more important role.
The limestone industry is going through a vigorous period of
adapting to the well-known slump in construction volume and
the challenge of international competition.

It can be said that the Finnish mining and metal industry has
a healthy basis. However, everything must be done to find our
own raw material resources, both ore and industrial minerals,
making use of the good professional skills available while we
still have them.

EFFECTIVE USE OF HIGH TECHNOLOGY

Finland’s mining industry has preserved its profitalibility by
taking quick advantage of automation and high technology. The
proportion spent on research and development here is comple-
tely up to international standards. and we have often managed to
apply new technology faster than our competitors on the initia-
tive of our own staff. High technology has no value in itself
unless it is applied quickly in production.

Research is very closely linked to the association’s activities.
The research committee has concentrated its efforts mainly on
mining, but issues especially involving environmental protecti-
on, energy-saving technology and recycling are visibly uniting
all sectors of the mining industry again. The distinction between
mining and metallurgical research becomes blurred when con-
sidering new alternative processes, environmental issues and
automation. Finnish industry has provided an excellent testing
basis forequipment manufacturers, as well as the tough, construc-
tive criticism need for exporting. Several development projects
linked to extensive technology programmes are currently being
carried out for the mining industry; these are being partly funded
by the Finnish Ministry of Trade and Industry and by TEKES,
the Finnish Technology Centre. The aim of these projects is to
preserve our competitive position in the industry into the future.
Some of the projects are joint projects with other Nordic count-
ries.

COOPERATION VITAL

Cooperation between the different professional groups within
the industry has been a strength of the mining and metallurgical
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industry all along. The broad-based education received by
everyone in the industry has made this easier, as have the close
ties with industrial companies. These ties have been one of our
greatest strengths when building up Finnish industry, and are
still so, even in foreign projects. In all its activities the Associa-
tion of Mining and Metallurgical Engineers has tried to support
this cooperation in all its contacts with members and in its
research work.

The international trend of early specialization in the founda-
tional stage of studies is now spreading to Finland, but the
problems it brings will be highlighted when the new engineers
qualify and start looking for jobs. It is much easier for someone
who has a broad-based knowledge of theory to specialize later
in an industrial situation, according to the specific needs at the
time.

Educational institutions and companies do work closely
together today, but I would still appeal to companies, particular-
ly during these very difficult times. to take more notice of the
needs of students for industrial experience.

This is the only way we can ensure that the industry gets the
new, more active personnel resources that it needs, who will in
time be responsible for the future of our industrial sector.

Dear guests

About 800 members have registered for this annual conference
of the Association, and that is a lot for a professional organiza-
tion for engineers in Finland. This demonstrates how active
people are in this sector and their sense of belonging together.
It also shows that the industry is still very much alive and well.
On this note may I welcome you all to the Association’s 50th
anniversary meeting, to our anniversary seminar and to the
traditional annual conference. May I especially welcome the
representatives from the associations in the other Nordic coun-
tries. For the first time we also have with us a representative
from the Estonian association of mining and metallurgical
engineers — the chairman Vain6 Viilup. Welcome to this
gathering of mining engineers. I trust you'll feel at home here.

I would especially like to welcome our speakers, who are
leading international experts in the field. Thank you for coming
to our anniversary seminar, and I hope you will also have an
interesting, enjoyable weekend here in Finland.

YHTEENVETO

50-VUOTISJUHLAKOKOUKSEN AVAUSSANAT

Yhdistys on kasvanut kuluneen 50 vuoden kuluessa yli 2000
Jasentd kisittdviksi henkiloyhdistykseksi, jossa on edustettuna
kaikki vuoriteollisuutta edustavat teknilliset erikoisalat. Vuori-
teollisuuden nopea kasvu ajoittuu lihinnd 1950—60 luvuille,
jolloin avattiin useita uusia kaivoksia ja niiden raaka-ainevaro-
jen varaan jatkojalostuslaitoksia. Jatkojalostus on edelleen kas-
vanut ja se kilyttdid nykyéin jo pddosiltaan ulkomaisia rikasteita
ja raaka-aineita. Vuoriteollisuus on perusteollisuutta, jossa ol-
laan rohkeasti uusien itsekehitettyjen prosessien avulla ennak-
koluulottomasti ratkaistu jatkojalostuksen ongelmat kiyttden
apuna tekniikan ja tieteen viimeisimpid sovellutuksia. Vuorite-
ollisuuden alalla on erityisen tirkedtd tiivis poikkitieteellinen
yhteistyd alan eri ammattiryhmien vililld, joka on osaltaan
johtanut kansainvilisen kilpailukyvyn kannalta arvokkaaseen
kokonaisvaltaiseen ajattelutapaan ja teknisiin ratkaisuihin. Yh-
distys on omalta osaltaan pyrkinyt kaikin kiytettdvissd olevien
keinojen avulla edistimiin alan kehitystd. Ansio yhdistyksen
elinvoimasta ja aktiivisesta toiminnasta lankeaa sen jiasenistolle
Jaaivan erikoisesti toimihenkildille. Vuorimieshenki on kuvas-
tunut ja kuvastuu edelleen yhdistyksen kaikesta toiminnasta.
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State’s Address for the Anniversary Meeting of the Finnish
Association of Mining and Metallurgical Engineers

Minister of Trade and Industry Pekka Tuomisto

Marina Congress Center in Helsinki on 19 March 1993

The founding of the Finnish Association of Mining and Metal-
lurgical Engineers fifty years ago was a brave and far-reaching
step at a time when the nation was struggling with huge external
difficulties. In the preceding decade, the 1940s, the mining
industry and business had seen a notable activation. This was
then followed by a long period of expansion, which culminated
in the early 1980s, when the extraction of ores and minerals
came to exceed 20 million tons a year, against only 1—2 million
inthe 1940s. Credit for the increase goes to the painstaking work
of the skilled Finnish engineers specialized in the field. In the
past few decades, mining, metal-making and dressing of mine-
rals have greatly contributed to the increase in our national
welfare. In those days, building of mines in outlying areas ot the
country was most successful regional and employment policy.

The preconditions for industrial development have changed
essentially since those days. Our future will increasingly rely on
knowledge, technical skills and knowhow. Besides the traditio-
nal wood and metal, we are now adding a third leg — consisting
of advanced technology and worldwide markets — to the
substructure of our industries.

But we cannot forget other traditional industries either. It will
be essential for us to invest in their technological basis and to
improve any other prerequisites for their development. Lots of
energy at competitive prices will, for example, be needed in
metal-making. The existing plans say for the expansion of
nuclear energy in our country are significant for the mining
industries’ continued operation and plans of extension.

In increasing the knowhow in this field, a key position is
naturally held by the Geological Survey on one hand and the
university departments concerned on the other hand. The
industry’s exploration projects have also been given public
subsidies through the Ministry of Trade and Industry and the
Finnish Technology Development Centre (TEKES).

The Ministry’s role has traditionally been to provide finance
for the early prospecting. Government funds are also allocated
in terms of various programmes conducted jointly with the
industry itself. These have related to the automation of mining,
dressing technologies, energy conservation within the various
metallurgical processes and so on. With the mining industry as
a reliable partner, participation in such projects relating to the
various phases of exploration has been a natural function for the
State.

The mining business is governed by a Mining Law, the
purpose of which is to encourage mining and prospecting in the
country. Every Finnish citizen and corporate body is fully free
to acquire rights under this Law.

To foreigners the government can grant, and has also done so,
rights under the Mining Law through a special licence to be
obtained from the Council of State. This has been possible in
cases where the foreign applicant has been willing to cooperate
with a Finnish company. Experience has been positive in these
cases.

Our forthcoming membership of the European Economic
Area led us last year to revise the old Finnish Mining Law to
meet the new requirements. The chief amendment concerned
foreigners’ rights of mining and prospecting. After the entry
into force of the new Law, any resident of a country belonging
to the European Economic Area will have the same rights as our
own citizens now have. The same will apply to every foreign
corporate body established under the laws and regulations of
any of the EEA member states provided that it has its central
administration and its principal place of business in one of the
member states.

In addition, the Ministry of Trade and Industry may continue
to grant, at its own discretion, permits to individuals and
corporate bodies belonging to any other states especially if they
are partners in a joint venture with a Finnish company or if
reciprocity will be involved.

Though the new Law has already been adopted by the Finnish
Parliament, it does notapply as yet. The entry into force will take
place simultaneously with our joining in the European Econo-
mic Area.

T already take this opportunity to welcome foreign enterprises
to carry out prospecting and mining in our country. Recent years
have revealed several entirely new type of metals and minerals
in the Finnish soil. The prospects of an experienced mining firm
to obtain favourable results in the field can be considered
reasonably good.

One example of the new sites of exploration is the Keivitsa
nickel and copper deposit in Sodankyld. It was found last year
by the Geological Survey of Finland. The exploration of this ore
body is only beginning, so that any precise results permitting the
identification of its extent and average grades cannot be quoted.
In the light of the preliminary findings both the volume and
coverage of the deposit would seem to be turning out really
large.

Besides Keivitsa, certain companies have other new and
promising sites of exploration as well. Today, the prospects of
mining and dressing in Finland can once again be looked upon
optimistically.

Internationally, Finnish mining is well-known and esteemed.
The present association and its members have significantly
contributed to the development of the mining industry. Tam glad
to note in this context the publication of the "Mining Industry
20007, a technology programme piloting us into the future,
which has been jointly drawn up by this association and the
industry.

[tis my privilege to bring the greetings of the government to
this jubilee meeting, accompanied by wishes of continued
success for the association and its membership. Despite the
difficulties our economy is facing today, mining, metal-making
and dressing of minerals has been managing reasonably well
and is sure, by means of systematic efforts, to survive the hard
times.
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Kauppa- ja teollisuusministeri Pekka Tuomiston tervehdyspuhe
Vuorimiesyhdistyksen 50-vuotisjuhlakokouksessa 19.3.1993

Marina Congress Center Helsingissid 19. maaliskuuta 1993

Vuorimiesyhdistyksen perustaminen 50 v sitten oli rohkea ja
kauaskantoinen toimenpide aikana, jolloin maa kamppaili mit-
tavien ulkoisten vaikeuksien kanssa. Vuoriteollisuus lidhti 1940-
luvulla mittavaan nousuun. Kun malmien ja mineraalien vuosi-
louhinta 1940-luvulla oli tasolla 2—3 milj. tn oli se kohonnut
1980-luvun alkupuolella yli 20 milj. tonniin. Tdmi on saavutet-
tu suomalaisten vuorimiesten taitavalla ja sitkedlld uurastuksel-
la. Kaivostoiminnalla sekd metallien valmistuksella ja mineraa-
lien jalostuksella on ollut menneind vuosikymmenini oma mer-
kittdvd vaikutuksensa hyvinvoinnin lisddmisessi. Kaivosten
syntyminen syrjdseuduille oli menneini vuosikymmenini luon-
tevaa ja edullista kehitysalue- ja tyollisyyspolitiikkaa.

Teollisuuden kehitysedellytykset ovat noista ajoista varsin
oleellisesti muuttuneet. Tulevaisuutemme on entistd enemmin
tiedon, taidon ja osaamisen varassa. Pyrimme luomaan teolli-
suuteen puun ja metallin lisdksi kolmannen tukijalan, joka
perustuisi pitkdlle kehitettyyn teknologiaan ja maailmanlaajui-
siin markkinoihin.

Samalla on kuitenkin pidettava huolta perinteisisti teollisuu-
denaloista. My0s niiden tarvitsemaan teknologiaan on panostet-
tava ja parannettava muita kehitysedellytyksid. Esimerkiksi
vuoriteollisuudessametallien valmistus tarvitsee runsaasti ener-
giaa kilpailukykyiseen hintaan. Témén johdosta vireilld olevat
ydinenergiaratkaisut ovat vuoriteollisuuden toiminnalfe ja suun-
nitteilla oleville laajennuksille merkityksellisii.

Tamén alan tietotaidon lisddmisesséd ovat luonnollisesti geo-
logian tutkimuskeskus sekd korkeakoulujen timin alan laitok-
set keskeisesséd asemassa. Lisdksi julkisella rahoituksella seké
kauppa- ja teollisuusministerion ettd TEKESin kautta on tuettu
vuoriteollisuuden tutkimushankkeita. Perinteisesti kauppa- ja
teollisuusministerit on tukenut prosessin alkupdétd malminet-
sintdd. Valtio osallistuu rahoituksellaan mm. kaivoksen auto-
matisointiohjelman, rikastusprosessin teknologiaohjelman seki
metallurgisten prosessien energiasdédstoohjelman rahoitukseen
yhteisesti teollisuuden kanssa. Kun osapuolena on luotettava
vuoriteollisuus on ollut helppoa osallistua valtion rahoituksella
ndihin tutkimushankkeisiin.

Kaivostoimintaa séitelee kaivoslaki, jonka tarkoituksena on
kaivostoiminnan edistdminen. Kaivoslain oikeuksien hankki-
minen on avoin ja vapaa Suomen kansalaisille ja yhteiscille.

Ulkomaalaiselle voidaan ja on myonnetty kaivoslain oikeuk-
sia valtioneuvoston erikseen antamalla luvalla tapauksissa, joissa
on ollut kyseessi yhteistoiminta suomalaisen yrityksen kanssa.
Ndistd on saatu myonteisid kokemuksia.

Viime vuonna on lainsdddantéimme mm. kaivoslakia muu-
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tettu vastaamaan ETA:aan liittymisen edellytyksid. Ulkomais-
ten oikeutta rajoittavaa sdidnnostd on muutettu niin, ettd ETA-
alueella asuvalla henkil6lli ja sellaisella ulkomaisella yhteisol-
14, joka on perustettu jonkin ETA-valtion lainsddddnndn mu-
kaan ja jolla on sddantomidridinen kotipaikka, keskushallinto tai
padtoimipaikka jossakin ETA-valtiossa, on samanlaiset oikeu-
det kuin suomalaisella henkil6lld tai yhteisolld.

Tdman lisdksi ministerid voi myontdd harkintansa mukaan
luvan myos muiden maiden yhteiséille ja henkilsille varsinkin
yhteisyrityksille tai vastavuoroisuuden perusteella.

Edelld selostettu kaivoslain muutos on eduskunnan hyviksy-
md, mutta timé lainmuutos saatetaan voimaan vasta samanai-
kaisesti ETA:n voimaantulon yhteydessi.

Toivotan ulkomaiset alan yritykset tervetulleeksi sekd mal-
minetsintddn ettd kaivostoimintaan. Meilld on viime vuosina
loydetty useita kokonaan uudentyyppisidkin metalli- ja mine-
raaliesiintymid. Voidaan katsoa olevan kohtuullisia mahdolli-
suuksiaasiansa osaaville yrityksille saavuttaa myonteisia tulok-
sia.

Uusista tutkimuskohteista mainittakoon esimerkkind Sodan-
kyldssd sijaitseva Keivitsan nikkeli-kupariesiintymi, jonka geo-
logian tutkimuskeskus on viime vuonna 18ytinyt. Tdmén mal-
miaiheen tutkimukset ovat alkuvaiheessaan, joten vield ei ole
kédytettdvissi tutkimukseen perustuvia riittaviid tuloksia tutki-
muskohteen suuruuden ja keskipitoisuuksien maérittelemisek-
si. Alustavien tulosten perusteella esiintyma ndyttdisi muodos-
tuvan kooltaan hyvin suureksi ja laaja-alaiseksi ja tdhanastiset
tiedot pitoisuuksista ndyttavit kohtuullisilta. Suomen kaivoste-
ollisuuden uusi lippulaiva saattaa olla pian vesillelaskettavissa.

Tdamin lisdksi myos erdilld yhtioilld on uusia lupaavia tutki-
muskohteita. Kaivostoimintaan ja jatkojalostukseen on perus-
teltua suhtautua jilleen optimistisesti.

Suomen vuoriteollisuus on kansainvilisesti tunnettu ja tun-
nustettu. Vuorimiesyhdistys ja sen jdsenistd on merkittdvasti
vaikuttanut vuoriteollisuuden kehittymiseen. Mainittakoon, ettd
Vuorimiesyhdistykselti on yhteistyosséd teollisuuden kanssa
vastikddn valmistunut Kaivosteollisuus 2000 teknologiaohjel-
ma, joka luotsaa tulevaisuuteen.

Esitdin Vuorimiesyhdistykselle, sen jasenistolle ja 50-vuotis-
juhlakokouksen osallistujille valtiovallan tervehdyksen ja me-
nestyksen toivotukset. Vaikeasta taloudellisesta ajasta huoli-
matta kaivosteollisuus, metallien valmistus ja mineraalien ja-
lostustoiminta ovat kohtuullisen hyvin menestyneet ja mairi-
tietoisella tyolld tulevat selviytyméén tdmén ajan yli.
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Prospects for the Finnish Mining and Metallurgical Industry

Professor Markku Mannerkoski, Director General of the Technical Research Centre of Finland

The Finnish Association of Mining and Metallurgical Engineers

50th Anniversary Meeting at Marina Congress Center in Helsinki on 19 March 1993

Over the past four decades, industrial production in the OECD
countries has increased fivefold. The service industries grew
even faster than that. As aresult, factory production, which used
to account for more than one third of the GDP of the European
OECD countries, dropped to less than a quarter.

Finland industrialized relatively late but rapidly. In the cour-
se of the said four decades, industrial production increased here
seven-fold. At the same time, the industry’s share of GDP
increased steadily for a long time, reaching its peak in 1974
when it accounted for one quarter of the total. It remained at this
level until 1980, being at that point of time consistent with other
European OECD countries.

NEED FOR RE-INDUSTRIALIZATION

When the relative share of factory production in the Finnish
GDP began to decline in the early 1980s, this was considered as
a sign of progress, as an indication that we were moving ahead,
along with others, towards a post-industrial society. Unfortuna-
tely, the pace of these developments in Finland soon overtook
other countries. As a result, we have fallen clearly below the
OECD level in Europe, even if other countries are complaining
about the same problem. Traditionally, the percentage of factory
employees in the entire workforce has been low in Finland
owing to structural factors, and now this indicator is one of the
lowest in Europe.

Gladly, we seem to have reached some sort of consensus on
the fact that Finnish industry is simply too small to serve s a
locomotive for the service and public sectors of the present size
and to sustain the current income redistribution policies. By the
end of this decade, Finland must regain its position that, relati-
vely speaking, prevailed in 1980. Only a year ago, a working
party chaired by the former chairman of this Society, Mr Pertti
Voutilainen, drafted a definite programme for such re-industria-
lization.

Europe is being integrated and the four freedoms associated
with this process are being extended, although certainly at a
slower pace than expected at the time when the global exonomy
was looking up. Under these changing circumstances, we will
have to re-establish our competitive advantage as individuals,
companies and society. To succeed, we need comprehensive
programmes and actions, as well as small-scale efforts such as
picking berries.

One of the basic premises is that any activity that profitably
meets the needs of the customers is, by definition, worth backing.
The Finnish economy will be revitalized on this basis, involving
organic growth from bottom to top. A top-down approach can
merely provide the general organizational framwork for recove-
ry. To achieve both, we must be able to recognize our competi-
tive advantages.

PORTER’S DIAMOND

According to standard economic theory, the increase in national
wealth is primarily based on the availability and price of natural
resources, labour and capital. Recently, the "Diamond Model”
developed by Professor Michael E. Porter, of Harvard Business

School, which emphasizes real competitive advantage, has
attracted a great deal of attention throughout the world. Backed
by a four-year research programme, involving a total of thirty
resarchers, into the competitiveness of ten economically signi-
ficant nations, Porter stresses that national wealth is not inheri-
ted but created. The national advantage in competition is deter-
mined by a country’s capacity for innovation and product
upgrading. Companies survive in the competition because of
challenges and pressures. They benefit from highly competitive
home markets, aggressive subcontractors and demanding do-
mestic customers. Now that Finland has applied for admission
to the European Community, some self-styled patriot feel the
need for a new war of independence. Porter suggests, however,
that with increasing global competition, the significance of
individual nations will increase rather than diminish. According
to him, this is due to the fact that competition will increasingly
be based on the acquisition and adoption of special skills, where
national differences will provide a source of strength, not be a
disadvantage.

This is how Porter draws his diamond. Its four points consist
of the following attributes: 1) Factor Conditions, 2) Demand
Conditions, 3) Related and Supporting Industries, and 4) Firm
Strategy, Structure, Rivalry and the Playing Field. These basic
factors are involved in dynamic mutual interaction, which
determines the competitive advantage of companies and, ulti-
mately, of the nation. Unfavourable conditions at one of the four
points can be compensated for by extra benefits at others.

What can the diamond tell us about the prospects for Finland
and Finland’s mining and metallurgical industry today?

FINLAND TO GRASP INNOVATION

The model helps illustrate the various stages of development of
anation’s competive advantage. These stages are, successively,
factor-of-production-oriented, investment-oriented, innovati-
on-oriented and wealth-oriented. The first three stages are
characterized by a continuous improvement of competitive
advantages and the accumulation of wealth. The fourth stage
means idleness and, ultimately, decline. Typical of his final
stage is, inter alia, dwindling competition, decrease in invest-
ment to create factors of production, orientation to areas that do
not benefit industry, decline of hands-on training and loss of
attraction of a career in the industry, inflexibility on the labour
market and loss of productivity relative to payroll costs.

At least the last-mentioned factor greatly contributed to the
development where Finland’s exports to the West decreased and
the market shares of the open sector diminished in the 1980s.
Probably, we showed some of the other signs of the wealth stage
as well, although our affluence was largely an illusion based on
borrowing, unusually favourable terms of trade, overheating of
the economy and an unrealistically strong currency. Anyhow,
the innovation stage must remain a permanent goal for Finland’s
economic policy. At the innovation stage, the diamond of
national competitive advantage operates in a large number of
sectors, effective use can be made of the basic factors of
competitiveness, and their interaction is intense. Then compa-
nies will not only acquire and improve technology transferred
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from other countries but work hard to create such technology. Of
course, cost competition will continue to be important but it is,
to a great extent, based on increased productivity achieved as a
result of improved know-how.

FINNISH MINING INDUSTRY IN THE LIGHT OF
THE DIAMOND

What about the Finnish mining industry? The establishment of
this branch of industry in Finland was made possible by the
country's timber resources, hydro-power, labour and, initially,
imported ore. Over the years, richer ore deposits were also found
in Finland. For a long time, all know-how was imported. What
we had, then, was accumulation of wealth based on “inheritan-
ce” in the sense suggested by Porter. The copper deposits found
at Outokumpu were exceptionally important in this respect, a
true stroke of luck, even though geological know-how played a
part in the discovery. That the ore could be exploited by
Finland’s own efforts must be credited to the courage and
determination of Eero Mikinen. It was of decisive importance
to the future development of the Finnish mining industry. In a
private letter addressed to a member of the Standing Committee
of Finances of Parliament, he wrote that if the mining concessi-
on is granted to a company controlled by foreigners, he would
collect all the dynamite available at Outokumpu, place it in the
basement and blast the entire Committee to kingdom come. It
was not necessary. Mikinen’s position prevailed. This explosi-
on that never took place proved to be the starting shot for the
Finnish mining industry in the process of moving away from
inheritance-based subsistence to the narrow and rocky, yet
rewarding road of continuously re-creating national competiti-
Veness.

In the 1960s, the Rautaruukki company boldly introduced
state-of-the-art production technology developed outside Fin-
land and began to invest heavily in research and development
thataimed at highly practical goals, while at the same time being
based on a firm scientific approach. As a result, the company
operates today one of the worlds’s most productive steel mills.
Other success stories, even if on a smaller scale, are also known.

However, Outokumpu has remained Finland’s only truly rich
ore deposit and our mines are being depleted. Is the cycle of the
Finnish mining industry drawing to a close? Is it one of those
mature branches of industry that took a battering in other
industrialized countries in Europe already in the late 1970s,
while similar changes in Finland were put off partly due to the
brisk Soviet trade, or does it possess enough creativity to
maintain its competitive advantage in future?

In terms of the four points of the Porter Diamond, i.e. the four
factors affecting competitiveness, the position of the Finnish
mining industry appears, in rough outline, as follows:

1) Factor Conditions: Imported raw materials play an impor-
tant role but they are supplied, to a great extent, by affiliated
companies or subsidiaries or under long-term supply contracts.
Finland’s price competitiveness, infrastructure and level of
skills is high. However, there have been disturbing uncertainties
concerning the energy supply.

2) Demand Conditions: Porter emphasizes the importance of
a high standard of quality on the home market and the resultant
domestic competition as a factor contributing to international
competitive advantage. In the case of a small country like
Finland and a major industry like mining, this point of view is
important mainly with regard to the related and supporting
industries. After all, the Finnish mining industry has already
expanded internationally to a considerable degree both in terms
of exports and direct investments, which has required the ability
to face open competition.
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3) Related and Supporting Industries: The production, sales
and consultation activities concerning the machinery and equip-
ment, instruments, paints, plastics and building materials rela-
ted to this industry are highly advanced.

4) Strategy, Structure, Rivalry and Playing Field: The Finnish
style of organization and management is probably closer to a
German-type hierarchic approach than, say, an Italian family-
firm approach, which is more flexible and suitable for brand
products. This is probably no drawback for the Finnish mining
industry because it is not concerned with consumer goods or
selling with imagery. As down-to-earth people, we Finns still
appreciate achievements attained in the basic industries and the
stamp of smokestack industry has not alienated all the talent. A
healthy spirit of competition, even if low in profile, is still very
much alive. Moreover, the Finnish mining industry has proved
its efficiency in comparison with its competitors.

Accordingly, fairly effective and interactive use is being
made of all the four basic factors of competition in this branch
of industry. The worst potential threat seems to concern the
availability of moderately priced electricity.

TURNING DISADVANTAGES INTO ADVANTAGES

Porter point out that the drawback caused by a shortage or
depletion of any single inherited factor of production may, in
fact, give an effective boost to competitiveness. While it is hard
to believe that the Swedes developed into superb down-hill
skiers because the hills in their country are low and so they had
to learn to make maximum use of the difference in height, as
Porter suggests in one of his examples, it is safe to say, when
looking at the Finnish mining industry, that obstacles may
promote innovation.

Samples provided by ordinary people and the technology of
the 1950s and 1960s made it possible to locate a major sulphide
ore deposit approximately every five years. When exposed
deposits could no longer be found, major investments were
made in metal ore prospecting in Finland in the 1970s and early
1980s in an attempt to overcome the new difficulties encounte-
red in prospecting. As a result, the level of skills in this field is
now high in Finland. Although the prospecting activities have
subsequently reverted to a lower level of intensity, prospects for
success still exists. For example, prospectors have returned to
areas that have already been explored and left to await further
research, only this time using more advanced methods and
better ideas, and actually found workable deposits.

As a rule, ore deposits in Finland are limited, poor, located
below the ground and hard to mine and enrich. To exploit such
deposits, a great deal of research and development efforts have
been required. As a result, Finland is highly advanced in the
field of mechanized mining and automated concentration techno-
logy. The pace of development has been swift. Thanks to a
couple of decades of product development, Finnish machinery
and equipment are known as first-class products throughout the
world. Backed by solid basic know-how, we have been able to
offer services to completely new areas such as coal mines, not
to mention rock engineering and earth construction.

Mastery of ore prospecting techniques as well as excavation
and concenteration technology, gained as a result of adverse
conditions, has been of great assistance in securing supplies of
raw materials from mines acquired abroad. Even mines doomed
to closure as unprofitable have been kept successfully opened
with the aid of our high level technology.

Similar examples of how the emergence of an exceptionally
favourable factor of production affects the whole and how a
drawback can be transformed into competitive advantage can be
found in the metallurgical industry as well. For instance, the
construction of the power plant in Imatra, which was unusually



large by contemporary standards, made it possible to produce
electrical steel. On this basis, we are still able to compete in the
highly competitive special-alloy steel market. A reverse examp-
le is the flash melting of copper. The background for this great
innovation was the Finnish government’s demand that Outo-
kumpu Oy reduce the consumption of electricity required for
copper melting because of the shortage of electricity right after
the war. Subsequently, flash melting not only provided a basis
for increased production but also led to substantial sales of
technology.

Naturally, drawbacks can stimulate development only to the
extent that they can be overcome. For example, a sufficient
supply of moderately priced electricity is one of the essential
prerequisites for the continued viability of Finland’s basic
industries.

METAL CLUSTER

As well as the diamond, Porter discusses corporate clusters.
This notion is rapidly gaining ground among Finnish econo-
mists as well. Clusters are groups of companies whose products
have a higher probability of success than products manufactured
outside such a cluster. A cluster denotes certain key products,
special factors of production, realted products and services as
well as customers. The various components of a cluster support
one another and create a multiplier effect. It is only natural that
it is easier for each nation to develop its economic activities on
the basis of the existing corporate groups than without the
foundation offered by them. This is an essential feature of highly
developed economies. We only need to think of German cars
and chemicals, Swiss banks and drugs, Italian footwear and
textiles, Japanese semiconductors and consumer electronics,
and U.S. films and aircraft.

The Reaserch Institute of the Finnish Economy (ETLA)
brought together a broadly based group of researchers who
presented a preliminary list of potential competitive clusters in
Finland a couple of months ago. According to the list, there are
seven such groups: forestry, metal, transportation, energy, tele-
communications, environmental technology, and welfare techno-
logy. This selection was based on the OECD exports statistics.
A Finnish manufacturer was considered to possess an competi-
tive advantage if the product’s market share was larger than that
of an average Finnish export item, if exports exceeded imports
and were directed mainly outside the most immediate neighbou-
ring countries. A "metal” cluster would include mining, mining
machines and equipment, basic metals and further processed
products as well as related products and services.

As we see, we, the members of this Society, are not the only
people to believe that mining and metallurgy will be one of the
Finnish branches of industry that has sound future potential in
terms of competitive advantage. Success will continue to requi-
re domestic resources. At this point, such resources consist,
above all, of aggressive, innovative people who do not flinch at
a challenge — the very sort of people who have always been
found in the membership of this Society!

With the Professor Porter’s diamond in mind, I wish to offer
my congratulations on this special occasion and express my best
wishes to the Finnish metal cluster and the people who are
developing it.

YHTEENVETO

SUOMEN VUORITEOLLISUUDEN NAKYMAT

Perinteisen talousopin mukaan kansakunnan vaurastuminen
perustuu ldhinn luonnonvarojen, tydvoiman ja piioman saata-
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vuuteen ja hintaan. Viime aikoina on herittdnyt mielenkiintoa
siitil poikkeava Michael E. Porterin “timanttimalliksi” kiteyttd-
mii niikemys. Kymmenen maan kilpailukykyi tutkittuaan Porter
painottaa, ettd kansallista hyvinvointia eri peritd vaan se luo-
daan. Onnistuminen riippuu ratkaisevasti elinkeinoeldmin in-
novointi- ja jalostuskyvysti. Yritykset selviytyvit kilpailijoit-
tensa parissa haasteiden ja paineiden ansiosta. Ne hyotyvit
voimakkaasti kilpailluista markkinoista, aggresstivisista ali-
hankkijoista ja vaativista asiakkaista.

Tiltia pohjalta Porter piirtdd timanttinsa. Sen neljiné kirkené
ovat maan tuotannontekijidolot, kysyntiolot, tuki- ja ldhialojen
yritykset sekd yrityksen strategia. rakenne ja kilpailukentté.
Nimi perustekijit tukevat toisiaan dynaamisessa vuorovaiku-
tuksessa, mikiratkaisee yritysten ja sitd kautta maan kilpailuky-
vyn.

Mitki ovat Suomen vuoriteollisuuden nikymat timén mallin
valossa? Kysymyksessi oli aluksi "perinnon” varassa kehittyvé
vaurastuminen. Outokummun kuparimalmi oli poikkeukselli-
senarvokas perintd. Sen hyodyntdminen suomalaisin voiminoli
ratkaisevan tirkeii; lihdettiin kilpailukyvyn jatkuvan luomi-
sen kiviselle mutta pitkiille vieville polulle.

Nyt kaivoksemme ovat ehtymiissid. Onko alan sykli paatty-
miissd? Kilpailukyvyn neljin perustekijin suhteen tilanne nidyt-
tid seuraavanlaiselta:

1) Tuotannontekijdolot: Tuontiraaka-aineiden merkitys on
suuri, mutta niitd hankitaan paljolti osakkuus- ja tytiryhtidiltd
tai muutoin varmoin toimitussopimuksin. Maan hintakilpailu-
kyky on hyvi. samoin infrastruktuuri ja tySvoiman taso. Perus-
energiandkymat ovat olleet viime aikoina héiritsevédn epavar-
mat.

2) Kysyntidolot: Kysymyksen ollessa pienestd maasta ja vuo-
riteollisuuden kaltaisesta suurteollisuudesta, kotimaisella kil-
pailulla on merkitysté vain tuki- ja liitinnédisaloilla. Vuoriteol-
lisuutemme kansainvilistyminen on pitkilld, mikéd on edellytté-
nyt selviytymistd avoimessa kilpailussa.

3) Tuki- ja lidhialat: Alaan liittyvien koneiden, laitteiden,
instrumenttien, maalien. muovien ja rakennusmateriaalien tuo-
tanto seki teknologian myynti ja konsultointi ovat kehittyneet
hyvin.

4) Strategia, rakenne ja kilpailukenttd: Suomalainen organi-
sointi- ja johtamistyyli sopii hyvin perusteollisuuteen. Arvos-
tamme edelleen saavutuksia sen piirissd. Omanarvontuntoinen
kilpailuhenki on korkealla. Tehokkuus absoluuttisessa vertai-
lussa kilpailijoihin ndhden on osoitettu.

Kaikki neljd perustekijdd ovat siis alalla varsin hyvin kiytos-
sd ja vuorovaikutuksessa. Pahin potentiaalinen uhka on viime
aikoina liittynyt kohtuuhintaisen sihkoenergian saantiin.

Olemme pitkilld malminetsintdtaidoissa sekd mekanisoidus-
sa louhinnassa ja automatisoidussa rikastustekniikassa. Osaa-
minen on ollut suureksi avuksi. kun on turvattu raaka-aineiden
saanti ulkomailta. Muiden kisissé tuottamattomaksi tuomittuja
kaivoksiakin on otettu menestykselld kdyttoon. Prosessimetal-
lurgian tuotantomme on tehokasta ja merkittdvin osin omape-
rdistd. Tamd on johtanut laajaan teknologian ja laitteiden myyn-
tiin. Ne on opittu tuntemaan kaikkialla maailmassa huipputuot-
teina.

Porter puhuu timanttinsa yhteydess# yritysklustereista. Ne
ovat ryhmii, joiden sisillid tehdyt tuotteet ovat todennikoisem-
min kansainvélisesti kilpailukykyisid kuin ulkopuolella valmis-
tetut. Ryhmin osat tukevat toisiaan ja synnyttivit kerrannais-
vaikutuksia. Ne ovat kehittyneiden kansantalouksien keskeinen
piirre.

ETLA:n tutkijaryhmidn mukaan Suomen klustereita ovat
metsid-, metalli-, kuljetus-, energia-, telekommunikaatio- ja
ympiristoteknologia sekd hyvinvoinnin teknologia. “"Metal-
liin” kuuluvat kaivososaaminen, kaivoskoneet ja -laitteet, pe-
rusmetallt ja jatkojalosteet erilaisine liiténniisineen. Ala onkin
epdilyksittd myos tulevaisuudessa kilpailukykyisten suoma-
laisten alojen joukossa. Siihen tarvitaan vastaisuudessakin ko-
timaisia luonnonvaroja. Nyt sellaisina tulee kuitenkin pitid
ensisijaisesti haasteita kaihtamattomia, taisteluvalmiita, inno-
vatiivisia thmisid.
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The Importance of Finland’s Raw Materials Policy

Professor Veikko Lappalainen, Director of the Geological Survey of Finland

50th Anniversary Meeting
Talks on Mining Industry

Ladies and Gentlemen

Although capable of detaching himself from the Earth, Man,
that rather singular creation, is still very much dependent on it.
The elements of which our body is composed are the same as
those that make up Mother Earth. We nourish ourselves on the
bounty of the Earth and her products. Industry and technology
have made modern man increasingly dependent on the raw
materials enriched in geological processes. Use of these raw
materials has, however, been augmented to such an extent that
the sources of those easiest to extract have already been exhau-
sted — or soon will be. Industrial countries are fast depleting
their own resources and are turning their attention to those of the
developing countries. At the same time, new instruments are
being developed, both technical and statutory, for recycling raw
materials. Finland is actively participating in these develop-
ments. With good reason, we are concerned about the exhausti-
on of the domestic, geological raw materials that are so impor-
tant for our industry.

Together with my colleagues I chose "The importance of
Finland’s raw materials policy™ as the title of my talk. Here I
shall deal with the subject from the point of view of the
Geological Survey of Finland (GSF), looking particularly at the
occurrence, resources, availability and importance of geologi-
cal raw materials in Finland. The GSF is a research centre
financed by the Finnish government. As such it is obliged to
support the mining industry and other branches of industry and
commerce, and to undertake basic research in geology.

The field of operations of the GSF is thus large, comprising
geological, geophysical and geochemical studies and related
assignments. According to the Decree on the GSF, which
specifies the field of activity in greater detail. it is the duty of the
GSF to undertake the above studies, search for and assess land
resources and carry out related tasks, thus producing informati-
on on the sectors referred to in the Act for the needs of society
and industry with a view to promoting the balanced and sustai-
nable use of natural resources. the planning of land use and
environmental monitoring.

The Decree refers to the national importance of mining in the
following words: The duty of the Geological Survey of Finland
shall also be to safeguard the interests of the state and its
entitlement to occurrences it has discovered and which contain
minerals as referred to in the Mining Act.

With its contacts and information flows the GSF keeps
abreast of developments in the raw material sector in this
country. The raw materials service is one of the key sectors of
activity, the others being the production of basic geological
information and the use of geology in environmental manage-
ment. The importance of geological raw materials is alsoempha-
sized in the research policy programmes of the GSF, three of
which have been completed so far, i.e. the science policy
programme, the cartography policy programme and the raw
materials policy programme. The fourth one, the environment
policy programme, will soon be ready.

The raw materials policy programme of the GSF sets out the

72

objectives of the search for and assessment of raw materials. It
also underlines the importance of geological raw materials for
domestic industry and industrial new production and the signi-
ficance of groundwater in public water supply. The programme
also sets targets for the development of data banks for resources
of geological raw materials. The data banks can be used to
torecast the sufficiency of raw materials resources in the ground,
raw material reserves for times of crisis and, the sustainable and
controlled use of the ground.

As stated in the standing order of the GSF, prospecting for and
studies of raw materials are undertaken by research departments
and regional offices. The latter are included in the operative
sector. With reference to the exploration department 1n particu-
lar, it is stated that the department undertakes basic research in
ore geology and areal distribution of industrial minerals and
safeguards the interests of the state in and its rights to occuren-
ces found by the GSF and referred to in the Mining Act.

The regional offices undertake geo-mapping, exploration,
the search for and studies of other raw materials, and investiga-
tions assigned to them in the operational plan of the GSF. At the
beginning of this year, the GSF implemented a management-by-
results system and introduced profit centre budgeting. All units
are now profit centres, which means that they all plan their own
projects and have them approved. Approved projects will be
provided with funds and given time limits. This new system
permits the GSF to transfer research resources to economically
important key areas.

The strategy of exploration is part of the general strategy of
the GSF. It specifies the general scope of operations of explora-
tion, and indicates how objectives can best be reached. In the
less official mineral policy programme, the priority given to the
various ore types is established on the basis of a service balance
worked out a few years ago. It thus defines the metals and
industrial minerals with priority in exploration. The remit of the
Exploration Department is to search for and find occurrences of
mineral raw materials and to assess the occurrences discovered.
The primary goal is to find ore deposits that can be exploited
economically by Finland’s mining industry. Exploration as
whole consists of a set of geoscientifically controlled technical
procedures aimed at the discovery of ore deposits. To find an ore
deposit, a number of tactical and operative measures are also
needed. Management by result is one of the measures introdu-
ced to help achieve the goals.

The GSF selects explorational areas and targets for ore
geological investigations on the basis of regional metallogenic
and geophysical knowledge and the information in ore data
banks. The existence of an geophysical or geochemical anomaly
or an oregeologically potential area, a commission from an
outside customer, a sample received from an amateur prospec-
tor or even someone’s intuition may all be reasons for setting the
exploration process in motion.

Mining for metallic ores is expected to decline rapidly in
Finland. The outlook for the minerals industry is brighter due to



the abundance of industrial minerals. Although Finland has only
a few metallic mines we should not allow the current economic
situation to paint the future of the sector in too subdued a shade.
Last year the GSF submitted reports to the Ministry of Trade and
Industry on eight mining claims it had studied; four werc
metallic ore deposits and four occurrences of industrial mine-
rals. The metallic ore deposits were the titanium-iron-vanadium
deposit at Karhunjupukka, Kolari, the Hangaslampi gold depo-
sit in Kuusamo currently owned by Outokumpu Finnmines Oy,
the gold occurrences at Osikonmiki. Rantasalmi, owned from
the beginning of this year by Outokumpu Finnmines Oy, and the
Kaapelikulma gold occurrence in Valkeakoski. The most im-
portant occurrences of industrial minerals are the kaolin deposit
in Virtasalmi and the chromium marble occurrences in Kittili.
The biggest kaolin occurrences were acquired by Kemira Oy.

The GSF is undertaking exploration at several sites in the
hope that the long-waited. economically viable ore deposit
might finally be found. The following are the main exploration
areas for this year:

The nickel-copper showings in Sodankyld, particularly the
multimetal occurrence at Keivitsa. investigations of which are
still at a very early stage;

the gold showings in the Kittili and Kuusamo schists areas;

the gold showings in the llomantsi schist belt, particularly the

Pampalo occurrence, where studies are still at the preliminary

stage;

the nickel-copper-gold showings in the Kuhmo schist belt;

the zinc-lead-silver showings at Haukipudas;

the zinc showings in the Vihanti belt;

the nickel-copper showings at Ylivieska, Sievi and Rantasal-

mi;

and

the gold and zinc-copper showings in the Pirkanmaa area.

Two targets of industrial mineral studies worth mentioning
arc the kaolin occurrences at Virtasalmi and the titanium-
phosphorus occurrences at Kauhajoki. Most of the sites inves-
tigated for building stones are in southern Finland, the main
ones possibly in the Savo region.

But we have showings and ore potential sites in store, too. |
have only mentioned those actually being studied now. The GSF
can investigate and assess an occurrence it has discovered only
to a certain level of mineral resource appraisal. Mining compa-
nies then carry out the follow-up studies, including the multi-
parameter ore reserve assessment on the basis of which it is
decided whether or not to start production. If the decision is in
the affirmative the appropriate plans are made. Exploration is a
long-term activity, and the way from the discovery to the
opening of a mine is long. Unfortunately, the public does not
always realize this.

Competition between building stone companies, most of
them small, has intensified during the current recession, and
prospects for the domestic building stone sector are poor. The
forecast is gloomy indeed. As aresult. building stone companies
have stepped up their export efforts. Some success has been
achieved in this area because Finland’s competitiveness is good
in many target countries. More rapid growth would be desirable
butis held up by the modest resources the small companies have
at their disposal. A brighter future for the business is seen in the
opening EC markets. However, first, the domestic market must
be strengthened and the position of stone consolidated. The
debate about the type of stone to be used on the elevations of the
Finlandia Hall and the indecision of the authorities have done
little to euse the situation.

Considering the reasearch capacity available and Finland’s
raw materials policy, the GSF has made its contribution in
scarching for and investigating building stone occurrences. The
work has increasingly been done under contract. Our geologists

have been actively involved in pin-pointing new economic
material occurrences and also in acquiring new customers. The
conventional role of researcher is no longer enough; today
technical and economic skills are also needed. As experts,
geologists contribute to the vitality of the domestic stone in-
dustry. In the 1970s, a decade of progress and prestige for
engineering geology, building stone was taught as a subject at
our universities of technology. Now once again students ol
architecture and civil engineering can learn about the building
stone industry. The importance of promoting the long-term use
of Finland's own hard stones. which are highly resistant to
environmental pollution. has been realized (Fig. 1. 2 and 3).

Fig. 1. Finnish rock presents a challange to the designer and
constructor, but is also a source of raw material. Espoo railway
tunnel. The high-quality railway ballast was extracted from
local rock.

Kuva 1. Suomalainen kallio, haaste suunnittelijalle ja rakenta-
jalle, my0s raaka-ainelihde. Espoon rautatietunneli. Korkea-
laatuinen raidesepeli jalostettu paikallisesta kalliosta.

Fig. 2. The aggregate from this stepped rock at Vantaa was used
as fill for the adjacent motorway and to some extent also as
material for the base courses of motorway.

Kuva 2. Tdmin Vantaalla sijaitsevan porrastetun kallion kivi-
aines on kdytetty viereisen moottoritien tdyteainecksi ja osin
tien rakennekerroksiin.
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Fig. 3. Finnish building stone is strong and has good resistance
to atmospheric pollution. It is also very beautiful.

Kuva 3. Suomalainen rakennuskivi on kaunista ja lujaa ja
kestidd hyvin ilmansaasteet.

In the following [ will take a brief look at geological resources
other than those extractable from the solid bedrock, and their
availability.

The bulk, or about 70 %, of the mineral matter used in Finland
is extracted from glaciofluvial formations. Nonetheless, the
proportion of aggregate taken directly from solid rock and
refined increases annually by a couple of per cent. The value of
a bedrock occurrence with high-quality rock material depends
very much on the cost of transporting this material. Durability
and homogenity are factors with which solid rock material can
successfully compete with the less homogeneous glaciofluvial
material. Unfortunately a rock occurrence with potential for
industrial exploitation cannot be claimed. Extraction is regula-
ted by the highly complex legislation on land resources. Grounds
on which exploitation may be prevented are the scenic beauty of
the landscape, the type of ground vegetation or the historical
value of the area. According to statistics of the Finnish National
Road Administration, it uses 30 million m’ of mineral matter in
bulk a year. of which 20 million m" is from outside the roadway.
Currently, half of this mineral matter is crushed bedrock aggre-
gate, accounting for 50 % of all mineral matter produced in
Finland: the rest is used by local authorities, industry and the
building sector. Mines hoist about 20 million tonnes of rock
annually. Thus the amount of bedrock aggregate used by the
Finnish National Road Administration stightly exceeds the total
hoist of mines. Crushed rock aggregate has increasing economic
importance, and at demanding building sites it is comparable to
metallic ores; the material in the wearing course of aroad is road
ore.

Gravel and sand derive from bedrock. from which they were
detached by the glacier. The finishing touch, i.e. sorting and
accumulation. was given by fluvial processes, flowing water.
Finland’s gravel and sand resources were assessed in the 1970s,
revealing that the country has 47 billion m* of these materials
above the groundwater table. However, several factors restrict
their exploitability, which is why we cannot talk about gravel
and sand ore deposits. Thus, the availability of gravel and sand
for building and the building industry is poor in many places and
they have to be replaced by bedrock aggregates. During the
current recession less than 40 million m* of gravel and sand is
used a year. The value of this material at the site of use exceeds
FIM 1 billion. As an industrial productits value is several billion
marks (Fig. 4).

Till. the primary material detached from the solid rock by
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Fig.4. The rich gravel and sand resources of this country are one
of our national assets. (Photograph from Imatra).

Kuva 4. Maamme runsaat sora- ja hiekkavarat ovat osa kansal-
lista pddomaa. (Valokuva Imatralta).

continental ice. is the dominant soil type in Finland. Tillbearing
landforms, though, cover a mere 5 % of the land area, and only
10 % of them can be exploited. According to one assessment, the
volume of extractable till is 7 billion m*. The use of till, for
example, through industrial crusing, is rather modest, less than
I million m? a year.

The amount of clay that could be used as an industrial raw
material is estimated to be 100 billion m®. Assuming that the dry
crust is 2 m thick, the potential volume of brick clay is a good
20 billion m*. About 300—400 tonnes of this clay is used
annually, corresponding to a raw material value of about FIM 1
million. Clay is also used for making expanded clay: this has a
raw material value of about FIM 0.1—0.2 million a year.

Industry and other activities exploiting soil and rock materi-
als are of considerable economic significance and, under normal
conditions, both profitable and labour-intensive. In the 1980s,
more than 60 000 people were employed in extracting and
transporting land resources. and almost 4000 lorries were need-
ed for haulage. The value of earth works and hydraulic enginee-
ring was FIM 15 billion. A quarter of the building stock in
Finland, with an estimate value of FIM 260 billion, consists of
earth and hydraulic structures, i.e. structures made of geological
material and refined into technological products. These repre-
sent important nationl capital in the form of geological resour-
ces.

Geologically, Finland’s mires are peat deposits. They are
composed of a biomass that is currently of indisputable econo-
mic value. Finland has substantial peat resources — 600 000
hectares of peat ore — that can be used for energy production.
The countrys total peat resources amount to 70 billion m*. Our
peat mires contain over 6 billion tonnes of dry matter. of which
over 3 billion tonnes is carbon, corresponding to 1.5 % of the
total carbon stored in all the mires on Earth. We have, however,
neither coal nor lignite. Mires appropriate for energy production
contain, on average, 11 700 TWh energy per hectare, and re-
sources of fuel peat amount to almost 20 billion m*.

Using input-output analysis, the North Finland Institute has
studied the impact of the peat industry on the production of other
sectors and also on the revenues and employment situation of
different sectors. With its indirect effects the impact of peat
production of 9 TWh (c. 10 million m*) on employment was
2700 man working years in 1983; the direct effect on employ-
ment was 1700 mwy. As fuel, peat ore is energy capital, which



creates long-term jobs. In 1990, 18 TWh of energy was produ-
ced from fuel peat. If plans for the future are realized, annual
peat consumption could increase to 25 million m*. Green taxa-
tion will treat peat in the same way as wood, i.e. as a renewable
energy resource.

Groundwater, a renewable natural resource, might be consi-
dered as a special ore extractable from soil and bedrock. Its solid
state is ice, a pure hexagonal mineral. Part of our national
wealth, groundwater is araw material resource that fills voids in
porous or fractured geological mass. Finding groundwater oc-
currences is one of the tasks of the geologist, and hydrogeology
is one of the key research and operational sectors of the GSF. A
supply of pure, fresh drinking water is a rare commodity on this
planet, but regrettably, where still abundant, water is used
wastefully. For the time being Finland is in a good position in
terms of its groundwater resources but here, too, pollution
constitutes a threat. The estimated annual rate of groundwater
regeneration in Finland is about 1.5 billion m*. Excluding the
current use of water, the computational value of groundwater in
Finland is over FIM 5 billion a year.

The Finnish ground still contains abundant geological raw
material resources. Although regulated by Acts and Decrees,
loosely deposited raw materials are the easiest to exploit. When
in hard rock, the raw materials are concealed and can only be
reached with the aid of knowledge. research and technology.

Discovering domestic metallic raw materials is problematic,
if only because of the overburden which covers the bedrock in
this country. One should be able to see through the drift and
down into the bedrock. The problems are multi-disciplinary, i.e.
geological, geophysical, geochemical and geotechnical. Unless
new ore deposits are discovered, exploitation of many metal
ores will end by 2000, thus increasing the need to use valuable
foreign currency to import concentrates. Mining companies
have several reserve occurrences at their disposal but these are
considered subeconomic. The increase in industrial costs and
the current economic climate world wide have raised the cut-oft
grade of ores even though advances in technology have had the
opposite effect.

Nonetheless, considering the efforts made by the GSF to find
new ore deposits, the potential of claims already transferred and
investigated and the number of ore showings currently under
survey, the future is not all that bleak. There are good grounds
for optimism. To quote the journal of the mining industry Vuo-
riteollisuus, the search for and inventory of metals, industrial
minerals and building stones is the substratum on which the
export industry grows. I am pleased to be able to endorse the
statement of the technology programme of Mining 2000 that the
superior technical level of the mining industry and the high
standard of tuition in mining and associated industries in Fin-
land. However, success will not continue indefinitely unless
sufficient investment is made in exploration. That is where the
GSF comes in, as a prime mover in the raw materials service of
Finland.

The search for raw materials is largely a matter of industrial
policy. Every effort must be made to secure the availability of
domestic geological raw materials and so to make this country
self-sufficient in them. Times of crises should be taken into
account, although the present trend towards integration has
relaxed these conditions to some extent, and Finnish industry
can exploit the raw materials of the mining industry abroad, too.
On the other hand, integration will permit international compe-
tition and foreign companies to operate in Finland. As far as
Finland’s raw materials policy is concerned, it is clear that the
barriers to world trade have been lowered at the same time as
international competition has intensified. The exploration geo-
logist, whether searching for metallic ores or other geological
raw materials, needs to be well versed ir a whole range of
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professional skills. This presents a challenge for our universi-
ties, which carry the responsibility for the content and scope of
training. The traditional sharp divisions between disciplines
will gradually fade, as, in my opinion, they already have to some
extent. We have the high standard of basic research needed in
exploration and in the localization of raw material occurrences.
This, combined with the sophisticated methods at our disposal,
should create a demand for the services of our experts outside
Finland. Finland’s raw materials policy must strive for conti-
nuous progress in the sectors associated with mining and give
the search for raw materials the support that is its due. Mining
and geological research have together clearly demonstrated the
value of hard work to the national economy.

[ shall close my talk by referring to the report of the state
auditors to Parliament in 1991. They stressed that in the current
situation, in which mining has declined at an alarming rate in
Finland, all expertise in the sector should be activated to develop
exploration techniques, ore research and ore refining. Coopera-
tion between universities, research institutes and mining com-
panies should be intensified. It is important for the economy of
this country that ore and mineral deposits should be investigated
comprehensively. Only then can deposits suitable for mining be
effectively exploited.
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YHTEENVETO
SUOMEN RAAKA-AINEPOLIITTINEN MERKITYS

Geologian tutkimuskeskuksen (GTK) merkittdvin avaintulos-
alue on valtakunnallinen raaka-ainehuolto. Geologisesti synty-
neiden raaka-aineiden merkitys koostuu GTK:n raaka-ainepo-
liittisessa ohjelmassa. Siind asetetaan pddméidrit raaka-aineiden
etsinnille ja inventoinnille. My®s siind osoitetaan geologisen
raaka-ainepohjan merkitys kotimaiselle teollisuudelle ja teolli-
selle uustuotannolle. Lisiksi esitetddn kehittimistavoitteet geo-
logisten raaka-ainevarojen tieto- ja tasorekisterille. Rekisterien
avulla voidaan tehdi ennusteita maankamaran raaka-ainevaro-
jen riittivyydestd, vuosittaisista kulutusméiristd ja kriisiajan
raaka-ainereserveisti.

Raaka-ainepolitiikka kytkeytyy raaka-aineita kidyttaviin ja
jalostavaan teolliseen toimintaan. Julkisrahoitteisen GTK:n
malminetsintdtoiminnan toiminta-ajatuksena on etsii ja 16ytié
mineraalisia raaka-aine-esiintymid seki arvioida loytiminsi
esiintymiit. Ensisijaisena pddmadrind on 16ytdi sellaisia mal-
miesiintymid, joita Suomessa oleva, mineraalisia raaka-aineita
kiyttavi teollisuus pystyy taloudellisesti hyddyntiméiin. Mal-
minetsinndlld on mahdollisuus vaikuttaa kansantaloutemme
kehitykseen positiivisesti. Téstd syystd geologisten raaka-ainei-
den etsintédd tulee kaikin tavoin tukea kehittdmilli alan tutki-
musta ja teknologioita ja tehostamalla tutkimuslaitosten, kor-
keakoululaitoksen ja teollisuuden vélistd vuorovaikutusta yh-
teistyolli.
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Non Ferrous Metals — The Challenges Ahead

Sir Arvi Parbo, Director General of the Western Mining Corporation, Australia

Address to 50th Anniversary Annual Meeting of the Finnish Association of Mining and Metallurgical Engineers by Marina

Congress Center in Helsinki on 19th March 1993

May I first of all congratulate the Finnish Association of Mining
and Metallurgical Engineers on its 50th Anniversary, and bring
you greetings and best wishes from your mineral industry
colleagues in Australia.

While Finland and Australia are nearly at opposite ends of the
Earth, there has been a surprising amount of interaction between
the minerals industries in the two countries. Finnish miners and
their descendants are well known for their skill and ability in
many mining fields in Australia, with Mt. Isa in Queensland
probably the largest centre. Finnish mining and metallurgical
technology and equipment are well known and widely used in
Australia. More recently, Finnish companies such as Outokum-
pu have become welcome direct participants in Australian
mining. There has not been similar involvement by Australians
in the industry in Finland, but many personal and corporate links
and friendships have been established over the years. These are
certain to grow in the future.

FORECASTING THE FUTURE
Thank you for inviting me to speak about the future of the non-
ferrous metals industry on this important occasion. I am appro-
aching this task with much humility, because the record shows
that the human ability to see into the future is very limited at best.

Sir William Preece, the Chief Engineer of the British Post
Office, said in 1876:

“TheAmericans have need of the telephone. but we do not.
We have plenty of messenger boys.”

Charles K. Duell, Director of the U.S. Patent Office, in 1899
urged President McKinley to abolish the office, because

“Everything that can be invented has been invented.”

This must be the only known instance in history where a
public servant has proposed the abolition of his office.

Wilbur Wright told brother Orville after a disappointing
flying experiment in 1901:

”Man won’t fly for a thousand years.”

Robert Millikan, Nobel Prize winner in physics in 1923,
said:

“There is no likelihood man can ever tap the power of the
atom.”

Harry M. Warner, head of Warner Bros. Silent Pictures, is
on record in 1927 asking:

”Who the hell wants to hear actors talk?”

Thomas J. Watson, the head of IBM, forccast confidently in
1958:

1 think there is a world market for about five computers.”

In our own industry, you may remember the Paley Report,
commissioned by President Truman in 1950. The Paley Com-
mission, consisting of the foremost experts at the time, forecast
the availability and demand for minerals for 25 years ahead.

Hindsight shows that they were well out in virtually every
prediction. The demand forecasts were far below the actual
demand. The estimates for the United States were reasonably

76

realistic, but those for Europe, Japan and the developing count-
ries were greatly understated. Notwithstanding the much grea-
ter than forecast production during the forty-odd years since
then, the known resources of minerals are greater today than
when the Paley Report was published.

The next major forecast on a world scale was the publication
“Limits to Growth” in 1972. Comissioned by the Club of Rome
this report, with certain qualifications, predicted that the world
was within a short time running out of resources, including
minerals. Given the assumptions made — that resources were
limited, while consumption would grow exponentially — the
conclusion was obvious. It was given an aura of authority
because the result had been obtained from a computer model!

Such is the power of modern means for publicity, whether
true or not, that many in the world, including governments and
forecasters, accepted the conclusion. There are probably some
who still believe it.

In the petroleum industry, a fear of imminent depletion of oil
gripped many in the American oil industry and government at
the end of World War I and well into the 1920s. The Director of
the U.S. Bureau of Mines warned in 1919 that the known
American oil reserves would be exhausted in exactly nine years
and three months. There were calls in the Senate for the U.S.
Navy to reconvert from oil back to coal®.

In more recent times, fears of oil shortages were re-introdu-
ced on a world scale when the Club of Rome report was closely
followed by the OPEC oil price increases in the 1970s, leading
to predictions of energy shortages generally — remember the
“energy crisis”? We have not heard about the energy crisis for
quite some time.

Predicting what will happen in the minerals industry is clearly
a highly hazardous business. Those engaged in it would not be
wise to accept payment by result.

Against this background, it is with some trepidation that I
attempt to speculate on what might happen in the non-ferrous
metals industry in the future.

THE NON-FERROUS METALS

This industry includes the heavy metals copper, lead, zinc, and
tin, the light metals aluminium, magnesium, and titanium, the
steel improvers chromium, cobalt, manganese, molybdenum,
nickel, vanadium, and tungsten, and other alloying and special
metals antimony, cadmium, mercury, and bismuth®. Conditions
applying to particular metals in this diversified array vary
considerably from time to time, although the main metals have
common features.

Historically, copper and tin are amongst the earliest metals to
serve humanity.

Copperis the most ancient metal. its use going back to the late
Stone Age, about 10,000 years ago. An alloy of copper and tin,
known as bronze, was used some 6,000 years ago. Alloys of
copper with lead and antimony were also widely used during the

b Daniel Yergin, The Prize, Simon & Schuster, 1991.

2 Lotte Miiller-Ohlsen, Non-Ferrous Metals, Woodhead-
Faulkner in association with Metallgesellschaft AG,
1981.
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Bronze Age. By comparison the most widely used metal of " LEAD
modern civilisation, iron, came on the scene some 5,000 years @
ago. 6,000

On the other end of the time scale the commercial production M
of the most abundant metal in the earth’s crust, aluminium, is 5,000
only justover 100 years old. But while young in its applications,
aluminium has quickly become the second most widely used
metal after iron. The commercial use of nickel goes back only to
the beginning of this century, while titanium metal was first
produced in a useful form less than 60 years ago.

4,000

3,000

ARE NON-FERROUS METALS

GOING OUT OF FASHION?

While there are considerable short term variations, the con-
sumption of the main non-ferrous metals continues to increase 1,000 <L\
(Fig. 1—5), both in terms of total consumption (including scrap
and other recycled materials) and consumption of newly mined
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Fig. 3. The consumption of lead.
Kuva 3. Lyijyn kulutus,

COPPER ZINC
Refined Consumption Refined Consumption

12,000- 8,000
/V 7,000 A
10,000 /
A 6,000 A\
T 8,000 7 jv
[=3 i o
3 ¥ g 5.000 /
p Py
£ g
g 6000 £ 4,000
p s ./
2 L
= £ 3,000
S 4000 = /
2,000 \7
2,000 f\/
/_/\/—\/\/ 1.000 A\/ ¥
0 TTOT T T T TV o T T T T P O TV PR e T T TR T T T T ATV PR IT T I T TV AT T AT v vy 0 T T T T T T T T T T T O T I e T T I T T T T A T T T T T T T I T T T T T T T T I TTTTTTREFTT
1900 1910 1920 1930 1940 1950 1960 1970 1980 1890 1900 1910 1920 1930 1940 1950 1960 19670 1980 199
Fig. 1. The consumption of copper. Fig. 4. The consumption of zinc.
Kuva 1. Kuparin kulutus. Kuva 4. Sinkin kulutus.
ALUMINIUM NICKEL
Refined Consumption Refined Consumption
20,000 1,000
18,000 / 900
16,000 N 800 /4/\’
_. 14,000 . 700 A
g il : i
£ 12,000 Y 8 e00 y
- ] N
8 il
€ 10,000 £ 500
<] (]
8 / 8 /
£ 8000 2 400
3 b
i [ J
6,000 = a0
4,000 / 200 /v
2,000 /\/\/// 100 /’\/
0 |||I1||9|(|)8|”|1||9|1|b|llll{lglzlbﬁlll‘lngléblllll1[l9|415Il][‘llglslavvr?'élel(l)l||||1]]917]‘6[1T]'|1||9|8|6|||”é90 4] '”]1”9.(5(')'””1”9‘1]8'”I‘I”S:’é&)’””{é‘ﬁ‘b”I”‘l’f’)‘A‘.{‘)‘““1:‘9‘5‘;‘0’”“1”9%8II”‘[‘é‘?‘H“”{‘Q‘éﬁ:’]’”“{‘Q’SO
Fig. 2. The consumption of aluminium. Fig. 5. The consumption of nickel.
Kuva 2. Alumiinin kulutus. Kuva 5. Nikkelin kulutus.

(Lihteet: World Metal Statistics Yearbook 1992 ja World Non-Ferrous Metal Production and Prices 1700—1976)
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Metals Intensity Declining

While consumption is growing, the western world’s metals
intensity, which measures metal consumption relative to Gross
Domestic Product, fell sharply between 1973 and 1983. In non-
ferrous metals the downturn ranged from 16 % to 43 %. One of
the major reasons for this decline was the oil price increases
during that period. Since then the fall in metals intensity has
slowed appreciably (Table 1). In the case of nickel. it has been
reversed because the consumption of staintess steel, the largest
use for nickel. has grown at a higher rate than GDP.

Table 1. Falls in metals intensity. non-ferrous metals.
Taulukko 1. Metallien kulutuksen lasku suhteessa bruttokan-
santuotteeseen. (Tiedonanto: B.R. Stewardson, Chiet Econo-
mist, The Broken Hill Proprietary Co. Ltd., Febr. 1993)

Metal 1973-1983 1983-1991
Copper 23% 1%
Zinc 27% 10%
Lead 26% 12%
Nickel 25% Increase 8%

Primary Aluminium  16% 3%
Tin 43% 5%
(By Comparison: Steel 36% 5%)

There are differing views on whether metals intensity will
continue declining in the future. This will certainly occur in
mature industrialised economies where services represent a
growing share of the Gross Domestic Product. New technology,
substitution of other materials for metals, and the development
of new weight-reducing alloys add to the lower intensity. On the
other hand, the need of developing countries for infrastructure
and consumer goods means higher metals intensity in the
development period.

The most likely outcome is that the worldwide intensity will
continue to decline, but at a slow rate. As noted previously,
consumption will continue increasing.

ARE WE RUNNING OUT
OF NON-FERROUS METALS?

Cyclic Markets

Old or young, all non-ferrous metals experience severe fluctu-
ations in market conditions from time to time. There are times
when supplies are short and prices rise strongly.

But instead of a prolonged shortage of these metals, the main
problem has been and continues to be the periodic oversupply
which depresses prices and makes it difficult for producers to
secure adequate financial returns on their investment. The
experience of the nickel industry in the last twenty five years is
a good illustration.

In 1967, when Western Mining first became involved in
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nickel production, there was a world shortage of nickel. Since
then there has been a downturn of markets in 1971 and 1972, an
upturn in 1973 and 1974, a downturn from 1975 to 1978, an
upturn in 1979 and 1980, a severe downturn from 1981 to 1986,
an upturn from 1987to 1990, and the present downturn since
1991.

In times of downturn prices often fall below production cost.
To obtain a satistactory average return, this has to be made up
by high profits during upturns. Recent experience has been that
the downturn periods have been getting longer while the upturns
tend to be shorter, making it more difficult to achieve adequate
average returns.

With the exception of nickel. the real prices of the main non-
ferrous metals have been declining. This has occurred while the
average grade of the ore mined has decreased. Improved mining
and processing technology and better management have made
lower grade ore economic even at the reduced prices.

WHERE WILL THE SUPPLIES COME FROM?

Recycling

Recycling of metals is growing and is an increasingly important
source of future supplies. although for some special applications
primary metal remains necessary. Most metals can be recycled
indefinitely from most uses:; they are in effect renewable,
provided the price justifies the cost of recovery. This is an
advantage metals have over many competitive materials.

The non-ferrous metals are used mostly in the form of various
alloys, which makes their recycling more difficult and more
costly. The trend for equipment and products to be made from
a mixture of materials adds to this problem. But there are also
advantages. For example, recycled aluminium represents an
energy saving of 95 %. compared with primary metal. An all
aluminium motor car, developed by Audi in co-operation with
Alcoa, will be commercially available this year. It will have
substantially improved fuel economy and recyclability.

On the whole, recycling rates of metals are increasing. For
non-ferrous metals these range presently between a quarter and
just over a half of total consumption.

Known Undeveloped Deposits
Numerous known but presently unworked bodies of mineralisa-
tion remain to be brought into production.

A recent study on copper?, for example, listed in addition to
100 producing mines 52 known bodies of copper mineralisation
which are potential producers, with copper the primary product.
In nickel, there are at least 14 known but undeveloped orebodies
around the world.

Extensive deposits of nodules containing copper and nickel,
known to exist on the ocean floor, remain to be worked.

New Discoveries

While recycling and known but undeveloped bodies of minera-
lisation will be an important source of future supplies, discovery
of new orebodies remains vital in replacing mines becoming
worked out and in meeting the growing demand for non-ferrous
metals.

There is excellent potential for new discoveries. Large parts
of the world, with high potential for mineral discoveries, remain
virtually unexplored. Exploration technology has made great
progress, making it increasingly possible to discover hidden
orebodies which until recently had been a rare event.

Subject to the economies of mineral production being attrac-
tive and land being available for exploration, there is every
expectation that the discovery rate will continue to be satistac-
tory.

b Review of Current and Potential Copper Producers,
Pinnoch, Allen & Holt, Inc., 1992.



Lower Economic Grades
Improved mining and mineral processing technology and better
management are making lower and lower grade mineralisation
economic, even while real prices of metals have been falling.
This is greatly increasing the economically available resources.

Most bodies of metallic mineralisation can be diagrammati-
cally represented by a pyramid. The highest grade mineral is
present in limited quantity, equivalent to the small volume near
the tip of a pyramid. As the grade decreases and we move from
the tip towards the base, the quantities increase rapidly. The
lower the grade the larger the quantity available.

Lowering the economic grade helps toreduce the dependence
on new discoveries, because lower grade mineralisation around
known orebodies becomes ore.

TRENDS AFFECTING THE FUTURE

World Population

The world’s population. just over 5 billion in 1988, is estimated
to grow to around 8.4 billion by the year 2025. This growth will
have major consequences for world demand for minerals, par-
ticularly due to the fast growing population in the developing
countries and their rapidly improving educational and living
standards.

In 1988 the industrialised countries of the western world
contained around 16 % of the world’s population, with develo-
ping Asia and the Middle East accounting for 57 %, Africa for
11 9. Latin America for 8 %. and the former Soviet Union and
Easten Europe for the remaining 8 9.

Between 1970 and 1988 Africa’s population grew at 2.7 %
per annum compared to world growth of 1.8 % per annum, and
growth in industrialised countries of only 0.7 % per annum,

By the year 2025 the industrialised countries are expected to
have a population share of only 'l %. Africa’s share is exptected
to rise to 18 %.

World Economic Growth

World Gross Domestic Productin 1988 was estimated at SUS 19
trillion. Of this the industrialised world accounted for about 74
% . developing Asia and the Middle East tor about 10 % and
Africa a mere I 1/2 %.

Over the period of 1970 to 1988 world GDP grew at around
3.2 % per annum, with growth in the industrialised world at 2.9
% and in developing Asia and the Middle East at around 5.5 %.

If similar GDP growth trends were to persist until the year
2025, the industrialised world’s share of GDP would fall to
about 62 %. that of developing Asia and the Middle East would
rise to around 22 %. and that of Africa would actually fall 1o
about 1 %.

Location of Processing Plants

There is a general trend towards minerals processing being
relocated in newly developing or industrialising countries. Pri-
mary aluminium smelter production in the industrialised count-
ries of the western world fell from 93 % in 1970 to 74 % by 1991,
whilst copper refinery production fell from 76 % in the indust-
rialised worldin 1970to 64 9% in 1991. There are various reasons
for this. In the case of aluminium the overriding consideration
is availability of electric power at a competitive cost.

Limits To Growth

The limits to future growth of the non-ferrous metals industry
will not be determined by lack of demand for the products, or the
availability of resources, provided the market mechanism is
allowed to function without excessive interference to regulate
supply and demand. The limits will be set by access to land, by
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restrictions on development, and by the ability of technological
progress to overcome technical. environmental. and economic
constraints.

Environmental Constraints
The minerals industry has an effect on the environment, as have
all human activities.

The eftect of mining is far less than the popular perception.
Mining affects only a very small proportion of the total land area
— in Australia only one fifth of one percent, less than is under
railways and a fraction of the area under roads.

The techniques for rehabilitating mined areas now often
restore mined tand to a better condition than it was in before.
Mining is therefore frequently only a temporary use of the land.
which can be used for other purposes before and after mining.
The most impressive example of this is brown coal mining in
Rhineland in Germany.

In Australia the rehabilitation techniques developed in the
mineral industry are increasingly applied to regeneration of
degraded farmland, which is a much greater and more serious
problem in that country.

Mining companies the world over are today taking their
responsibilities for environmental care very seriously. In Aus-
tralia, awards and recognition for environmental work are being
won from respected world bodies. including the United Nations
and the Wildlife Habitat Enhancement Council. as well as from
Australian organisations.

In smelting and refining. increasing environmental restric-
tions are delaying or preventing plans for expansion, and increa-
sing costs. Key issues are emissions, in particular sulphur
emissions. [nterestingly. improvements in technology with the
main objective of achieving a satisfactory return on the capital
invested often help to reduce emissions.

As an example, Mitsubisht recently abandoned a proposal to
construct a 200,000 tonnes per annum copper smelter in Texas,
which was considered to be the most likely new project to
relieve the current capacity shortage for that metal. The reason
was understood to be the delay and difficulties in obtaining
environmental permits.

To overcome the problem of dealing with sulphur dioxide
emissions, an innovative hydrometallurgical process to produce
refined copper metal has been developed at the Escondida
project in Chile. Ammonia is used to treat concentrate and the
metal is recovered by electrowinning. This process is the first to
apply leaching to a sulphide ore. The technology is presently
only suitable to particular types of ore.

In the lead indusrty. a bill is before the US Congress, called
the Lead-Based Paint Hazard Abatement Act. which seeks to
impose a tax of US 75 cents a pound on primary lead metal
production and imports. with a tax of 37 cents per pound on
secondary production and imports. A recent study by the US
Bureau of Mines estimated that if a tax of 80 cents per pound
were introduced. the US domestic lead industry would be
eliminated entirely, with co- or by-product output of zinc being
decreased by 87 %, cadmium by 85 %. bismuth by 89 % and
silver by 16 %.

Access to Land
The potential for new discoveries is being diminished by the
trend to exclude increasing areas of prospective land from
exploration and mining. Taking Australia as an example. the
Australian Mining Industry Council estimated in 1990 that
about 26 % of Australia’s land area was closed, or difficult of
access to new exploration and mining. A possible further 22 %
could move into this category under then current proposals.
The situation in Australia was complicated turther by arecent
High Court decision which has cast in doubt the title to large
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areas of the country. This could well become a very serious
setback to future development of an industry where security of
title is fundamental to making the necessary large long term
investments in exploration and development.

Supranational Restrictions
Supranational agreements and agencies which limit the condi-
tions under which economic activity may take place in indivi-
dual countries are a recent development. They introduce addi-
tional government intrusions and uncertainties into virtuaily
every area of industry in the countries concerned.

The present trend is for such restrictions to increase.

THE CHALLENGES AHEAD

Technological challenges will be as important in the future as in
the past. We can never be content with our ability to discover
orebodies, mine the deposits, extract the valuable minerals from
the ore. produce the products our customers need. and recycle
the scrap and used materials. The quest for always doing better
is permanently with us.

YHTEENVETO

EI-RAUTAMETALLI — TULEVAISUUDEN HAASTEET

Tarkastellaan runsaisiin numero- ja tilastotietoihin nojautuen
viiden tirkeimmiin ei-rautametallin: kuparin, alumiinin, lyijyn.
sinkin ja nikkelin kulutusta ja tuotantoa. niiden vaihtelua ja sen
erilaisia syitd suhteuttaen vikiluvun kasvuun, maailman talou-
den kehitykseen. ympiristévaikutuksiin ym. tekijoihin.
Tulevaisuuden suurin haaste ei kuitenkaan ole tekniikassa,
vaan stind kuinka osoittaa ihmisille. ettd metallintuottajat toimi-
vat heidin parhaakseen. ja ettid tarpeettomat rajoitukset eiviit

The greatest challenge for the tuture is, however, non-techni-
cal: how to demonstrate to the community that we are working
in their best interests, and that unnecessary restrictions are a
burden not just on the companies, but on the whole community.
Itisnolonger sufticient for the people in the industry to be doing
a good job — in today’s world it is also necessary to tell others
about it. The personal qualities demanded of’ management are
increasing. We must attract some of our best and brightest
young people to careers in the industry.

The tuture professionals and leaders in the minerals industry
must become as proficient and superior in the skill of commu-
nicating with the public as they need to be in technical and
business matters. This is the key issue in the years ahead. The
success or otherwise of the industry and the quality of life of the
community literally depend on it.

The minerals industry the world over has succeeded in slay-
ing many dragons in the past. I am certain that we are also
capable of mastering the challenges ahead of us. The big
advantage we have is that we are an absolutely essential contri-
butor to the community.

kohdistu pelkdstédin yrityksiin, vaan koko yhteisotn. Enidd ei
riiti. ettéi tyd teollisuudessa sujuu hyvin. vaan nyt on myds
ulkopuolisille kerrottava teollisuudesta. Johdolle asctettavat
henkilokohtaiset laatuvaatimukset korostuvat. Meididn on saa-
tava parhainta ja dlykkdintd nuorisoamme kiinnostumaan elé-
miinurasta teollisuuden piirissd. Yritysjohdon kommunikointi-
taidon on oltava yhtd hyvii kuin heiltd edellytettivit taidot
teknisten ja litketaloudellisten ongelmien kisittelyssa.

EAPKY - SALOMONINA KOSSOLASSA
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Steel in the Next Century: Challenge and Change

Remarks of Lenhard J. Holschuh, Secretary General, International Iron and Steel Insitute, Brussels, Belgium at the 50th
Anniversary Meeting of the Finnish Association of Mining and Metallurgical Engineers, Helsinki, March 19, 1993

This is one of the few opportunities I have had to address such
alarge and impressive gathering of experts from the mining and
metallurgical industries. It is indeed an honour and a privilege.
I would like to start my remarks by saying that 1 am an un-
abashed optimist when it comes to talking about steel. T believe
steel’s story is a success story. Steel is the world’s number one
engineering material. Steel meets the widest number of engi-
neering requirements in the most optimal manner. Steel is readily
available, it comes in a diverse variety of grades and qualities.
it offers excellent manufacturability, it has an outstanding price/
performanceratio. Nearly all significant technological develop-
ments in construction, transport and communications were
based on steel or depend on it for their realization.

But like other engineering materials, demand for our products
is highly volatile, and we are traditionally whipsawed between
the highs and lows of the economic cycle. Three years ago when
the fall of the Berlin wall heralded high hopes for the future. we
were in the midst of one of the longest cyclical upturns in the
history of our industry. Western world finished steel production
in 1989 had topped 437 million tons, exceeding both the 1974
and 1979 record levels.

Today we are experiencing a down cycle for steel. For some
time profits generated have been far from levels which our
shareholders have the right to expect and which we require to
justify re-investment. The situation in West Europe is particu-
larly acute — with announcements of consolidations and further
reductions in steel production capacity. In part, the problems
posed by the collapse of the Communist systems in Central and
Eastern Europe have disrupted markets for steel and steel-based
products and have caused steel producers to deeply review their
business strategies.

When Berlin Wall came down there was hope that the
adjustment of the former planned economies would somehow
occur rapidly and with minimal upset. Despite some progress,
the conversion often at best remains balanced between success
and failure. The attempted shift to realistic prices has resulted in
enormous inflation in some countries, while the sell-off and
close-down of state owned firms has produced massive unemp-
loyment. There are as a result recurrent signs of political
instability and in certain countries a return to some sort of semi-
controlled economic system.

The changes inthe Soviet Union and Eastern Europe have had
a profound impact on countries like Finland whose trade was
strongly toward these economies. Indeed throughout Europe
key industries, struggling to adapt to international competitive
pressures and new production technologies, are now facing
additional concerns over low priced East European imports —
the same imports which are often essential to the survival of
those economies. Even hopes from the single European market
have been tempered by a combination of recession, monetary
troubles and concerns over future economic and political integ-
ration.

Developments in the East European steel sector underline the
magnitude of change in those economies. In 1990 the first year
after the wall came down apparent consumption of steel pro-
ducts in East Europe and the former USSR stood at 148.5
million metric tons; Two years later in 1992 it had fallen nearly
30 million tons to 120 million tons and could slide to 100 million
tons by mid decade. Such alikely drop in consumption of nearly
50 million ton — about one third — reflects the enormous

difficulties of raising the efficiency of these former planned
economies.

You have asked me today to discuss the outlook for the steel
industry. and its challenges and opportunities for the future.
Challenge One certainly remains how our western industriali-
zed countries can support the conversion of the planned econo-
mies while meeting their own economic concerns. If we are
successful in managing this collective challenge, we will be
rewarded with new and growing markets for steel and steel
products. Putting aside for the moment the countries of the
former Soviet Union, the combined population of Bulgaria, the
Czech Republic, Slovakia, the former East Germany, Hungary,
Poland and Rumania is equal to that of France and the United
Kingdom combined. At the outset and for some years to come,
development of these economies will most likely be steel
intensive.

Our second challenge is how we as steelmakers identify the
key strategies for each of our companies and our determination
to see to their implementation.

I have already forewarned you that 1 am a confirmed optimist
when it comes to the steel business. You may find this unusual
at a time when we are experiencing not only a down cycle, but
extensive close down of steelmaking capacity. But sometimes |
think the cycle of business expectations in our own and related
industries is much greater than the actual fluctuations in demand
for our products.

So despite our significant short term problems, I say to you
today that the future of steel is as exciting as ever. Indeed the
pace of innovation we are seeing has never been faster. I have no
doubt that it is possible for a steel business not only to grow but
to achieve an acceptable level of profitability.

Let me indentify some of the strategic developments occur-
ring in our industry which give me confidence for steel in the
next century.

Interestingly, the dismantling of state control in East Europe
has coincided with a trend away from public and toward private
ownership of steel enterprises in countries as geographically
spread as Italy, Mexico, India and Taiwan. Increasingly it has
been recognized that public of private. the best long term
interest of owners, employees and customers alike are served if
an enterprise itself is free to make its own decisions on invest-
ment, pricing, new product development, and closures. The
criteria for success in the steel business are not different to any
other industry: long term profitability, growth, and financial
self-sufficiency.

One outcome of the reduced political sensitivity of steel
enterprises has been the development of genuine international
strategies inour industry. This means developing strong compe-
titive positions in several countries through acquisitions. joint
ventures and other collaborative agreements. Here in Europe we
have seen many mergers in the last two or three years, often with
an international element. The current restructuring can be ex-
pected to accelerate that trend. We have seen major moves by
Japanese steel producers into North America based on the
strong logic that customers such as the automotive industry have
global strategies and common requirements on product and
quality to which steel suppliers must respond.

Ourindustry’s globalization has also ended the old concept of
each steel enterprise seeking to be the universal supplier of steel
products. Steel managers no longer sce as their duty to supply
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comprehensive national steel needs. Each company now care-
fully assesses its competitive strengths and weaknesses and
seeks to identify those areas in which its market position.
technology or particular skills give it a clear competitive edge.

This concept of no one steel company being the supplier of all
steel products in a particular market quickly supports the growth
in international trade in steel products with steel companies
exporting significant volumes of material where their products
have unique advantages, and conversely witnessing significant
imports where this is not the case. No one can deny the friction
that this process generates with its emphasis on dynamic com-
petition and innovation, but this development is clearly in the
longer term interest of the steel industry and its customers. 1
believe that not only in our discussion of east European trading
relationships but in the wider discussions in the GATT, it is
crucially important that we in the steel industry do not lose sight
of this fact.

The next trend T would point out is our renewed focus on
marketand product development. The pace at which new grades
of steel are now being developed has never been faster, and
rightly so. Only throug close dialog with its customers can steel
respond to their changing needs.

But what is most important, we are moving away from the old
syndrome of viewing customer requirements solely in terms of
steel products and instead are using the vast data base that exists
onsteel properties to improve customer manufacturing and steel
application technologies. Increasingly today engineering mate-
rials costs are only a small part of the added value of manufac-
tured product. Manufacturing costs and environment costs are
often determining elements in the competition between engi-
neering materials. Today’s steels are sold not only as sophisti-
cated or cost effective engineering materials but as components
of highly efficient, increasingly complex technological sys-
tems.

This brings me to the last and perhaps most important deve-
lopment: the enhanced environmental awareness not only in our
industry but generally throughout the world. Cut loose from
state ownership in many countries and less dependent on natio-
nal markets, steelmakers have a major role to play in this area
where society collectively is imposing new requirements. in-
creasingly on an international basis. Fortunately our environ-
mental record is strong. Steelmakers have spent vast amounts of
money on improving their environmental performance in the
last 20 years, and the improvements have indeed been impres-
sive.

Moreover, in a world preoccupied with the environment,
steel’s longstanding recyclability is critical not only in bringing
about energy and resource savings and emissions reduction, but
in reducing the waste disposal bottleneck which is fast beco-
ming one of the restraints to economic growth. Whereas the
environmental impacts of materials and products were once
overlooked, today they are becoming an integral part of product
cost — especially where manufacturers are obliged to take back
and recover used products. Once manutacturers were held
responsible mainly for the safety of their employees in the
production plant and the safety of their hands of the public:
today’s responsibilities include safety of the environment. This
translates to new emphasis on product design. materials choice.
and implementation of total logistic systems for collection,
separation and re-use.

The implications for engineering materials are dramatic.
Steel — which has traditionally been recycled and which can be
recycled again without deterioration of its properties — is a
critical problem solver which aids customers in meeting new
environmental demands. Moreover, the call for sustainable
development, the need for cleaner industries, more efficient
energy production, and more environment {riendly transport
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cannot be met without steel technology. I am thinking of new
heat resistant steels being developed for super critical high
pressure power generation, improved electrical steels to cut
power loss, and advanced cryogenic steels to aid transport of
environment friendly fuels like natural gas, and eventually
hydrogen.

For these reasons, I believe that the steel industries which
emerge from today’s rationalization will not only be leaner but
will among the world’s most effective. Hand in hand with
restructuring, steelmakers all over the world have been making
acontinuing effort to improve the operational efficiency of plant
and equipment. Over the last decade this has been a major
objective: a considerable part of steelmaking investments have
been devoted to further improving the cost effectiveness of our
product so as to maintain its significant cost/performance ad-
vantage.

One characteristic of this development is a move toward new
technologies which hold promise of shortening the steelmaking
cycle and providing saving in capital investment, raw materials
transformation and energy use. I am thinking especially of
smelting reduction, new casting technologies such as strip
casting and semi-solidified casting, and the application of arti-
ficial intelligence, which will put us in the next century on the
threshold of continuous steelmaking with unprecedented con-
trol over costs and product properties. It has been said that
developing smelting reduction technology — which by using
raw materials more flexibly can replace the blast furnace pro-
cess — is equivalent for steelmakers to putting a man on the
moon.

So ladies and gentlemen, my message to you today is quite
simple: do not let the urgent requirements for adaption and
change presently underway in the steel industry make you lose
sight of its longer term prospects. Steel is crucial to the needs
and development of modern societies. Steel is one of the most
dynamic advanced engineering materials. It will remain for all
of us a critical factor in our future success.

YHTEENVETO

TERAS ENSI VUOSISADALLA:
HAASTEET JA MUUTOKSET

Lintisten terdksentuottajien ja hallitusten on terdsteollisuuden
rakennemuutoksen ja uudistamisen yhteydessd 16ydettdva kei-
not vithentdd epitervetti tuontia Itdeuroopasta ja entisen Neu-
vostoliiton alueelta samalla kuitenkin huomioiden sen tosiasi-
an, ettii pidsy lantisille markkinoille on tirkeitd aikaisempien
suunnittelutalouksien muutosprosessille. Vain titen voidaan
varmistaa nididen maiden muodostuminen vakaiksi markkina-
alueiksi tulevaisuudessa. Suunnittelutalouksille muutos saattaa
merkitd terdksen kulutuksen laskua v:n 1990 148 milj. tonnista
100 milj. tonniin 1995.

Linsieurooppalaisen teristeollisuuden pitkin aikavilin ni-
kymiét ovat nykyisesti lamasta huolimatta erittdin myonteiset.
Teollisuuden vapautuminen valtion sddntelystd monissa maissa
on johtanut globaalisiin strategioihin. erikoistumiseen ja ulko-
maisiin sijoituksiin perinteisten kotimarkkinoiden ulkopuolel-
le. On tirkedtd vilttdd tarpeettomien kaupparajoitusten synty-
mistd, niin Itdeuroopan kuin GATTin neuvotteluissakin.

Viime vuosikymmenelli terdsteollisuus on monissa maissa
kiyttanyt miljardeja dollareja tuotantomenetelmien ja -laitos-
ten parantamiseen. Luonteenomaista on ollut pyrkimys uusien
teknologioiden kehittelyyn ja kdyttoonottoon, kuten esim. sula-
pelkistykseen, joka voi korvata masuuniprosessin, ja uusiin
valumenetelmiin. Uudet teknologiat ovat edelleen térkeitd py-
rittdessd kestdvddn kehitykseen, puhtaampaan ja tehokkaam-
paan liikenteeseen ja kuljetukseen, energian tuotantoon ja val-
mistusmenetelmiin.
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The speech presented at the 50th Anniversary Celebrations of the Finnish Association of Mining and Metallurgical Engineers in

Helsinki on 19th March 1993

INTRODUCTION

Prior to its 26th Annual Meeting in October 1992, the Interna-
tional Iron and Steel Institute (I.1.S.1.) carried out a survey in its
affiliated companies and research institutes, concerning the
technology that has to be developed for meeting the needs of the
steel industry in the 21st Century.

This study concluded that two important demands have to
be satisfied:
* the steel market will ask seemingly contradictory things of the
steel industry i.e. to deliver higher quality products at lower
cost, to offer small lots of quality steels in a variety of sizes and
grades while observing short delivery times....
* steelmakers must expect to face increasing constraints over
environmental issues such as minimization of emissions and
effluents, recycling of resources and effective utilization of
energy, by-products and waste,...

Various actions are presently developed for meeting these
challenges; let us quote the following examples:

Cost Reduction:

* toincrease productivity of existing blast furnaces, steelworks
and rolling mills,

 to develop new processes entailing lower investment costs,
* to suppress production steps.

Quality Improvement:

* toeliminate tramp elements such as Cu, Sn, Cr from the liquid
steel,

¢ to master surface quality and internal soundness of near-net-
shape cast steels,

* to collaborate with the end-user to optimize product design.

Environment Conservation:

* to reduce coke-oven and sinter plant emissions,
* to decrease CO, production,

* to recycle waste and valorize co-products.

The present paper reviews these new technologies and exami-
nes their impact on the type and on the location of steelworks in
Western Europe at the beginning of the 21st Century.

IRONMAKING TECHNOLOGIES

Evolution of the classical blast furnace
The most recent development in blast furnace technology is the
injection of steadily increasing amounts of pulverized coal (Fig.
1).

The main incentives are:
* saving investment costs by out-phasing obsolete coke plants,
* preserving the environment,

COAL INJECTION CAPACITY (M.T/YEAR)
12
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1988

1990 1991

1981 1982 1983 1989

Fig. 1. Blast furnace coal injection capacity in Western Europe.
Kuva 1. Hiili-injektion kehitys Lansi-Euroopan masuuneissa.

* decreasing operating costs by replacing expensive coke by
coal.

A world record concerning the coke rate has been recently
achieved by HOOGOVENS. During November 1992, the blast
furnace No. 6 (11 m hearth diameter) has operated with a mean
coal injection rate of 204 kg/THM and an oxygen enrichment of
5 %; it needed only 240 kg/THM of metallurgical coke plus 36
kg/THM of nut coke®.

Investigations are presentely persued to further decrease the
coke rate while at the same time increasing productivity. A
process which is being developed by C.R.M. for this purpose
consists in the combination of a high coal injection rate (250 kg/
t), the utilization of cold blast with very high oxygen contents
(60—98 %) and the reinjection of the BF top gas — after
decarbonation below 5 % CO, and reheating to 900—950°C —
into the bosh of the blast furnace®.

Such a practice allows to reach very low coke rates and to
minimize CO, emissions. The blast furnace installations are
simplified and thus investment and maintenance costs are redu-
ced. It could double the furnace productivity which is obtained
when the conventional coal injection and oxygen enrichment
are applied. The suppression of the high temperature hot stoves
will have a beneficial effect on the environment. Hot metal
quality will be improved, as lower silicon and nitrogen contents
will become possible, due to the high partial pressure of CO and
the low nitrogen atmosphere at tuyere level.

The top gas produced has a very high calorific value and is
suitable for many applications, expecially in the case of the
nitrogen free operation (nearly pure oxygen), where the top gas
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has a composition similar to that obtained in many coal gasifi-
cation processes.

A few years ago, IRSID had proposed another way for
increasing the blast furnace productivity. The basic idea of its
TOP (Tuyere Ore Plasma) process'is to inject iron ores into the
tuyeres in such a way that the counter-current operation in the
bosh and the stack is not altered. The required supplementary
energy was supplied by electricity (plasma). Aninjection of 205
kg of iron ore produces some 145 kg of extra hot metal. By
injecting prereduced iron ore (60 % metallization), it was
possible to decrease the electricity consumption. Recently,
BRITISH STEEL and HOOGOVENS have declared their inten-
tion to test tuyere injection of iron ore on a blast furnace in
Scunthorpe working with oxygen enriched hot blast.

Table 1 compares the main features of these three processes.

Table 1. Comparison of innovative blast furnace technologies.
Taulukko 1. Erdiden potentiaalisten masuuniteknologioiden
vertailu.

PC1 Cold 0, + Coal +
Gas Recycling Ore Injection

COKE RATE (dry, 89 % C) kg/THM 300 173 287
COAL/ORE
Coal inj. rate (1 % moist.) kg/THM 180 250 250
Ore injection rate kg/THM - . 200
Total primary coal rate kg/THM 555 466 609
Coal/oxygen ratio § coal/Nm3 O, m 1048 899
BOSH GAS INJECTION Nm3/THM 0 525 0
BLAST
Volume (wet) Nm3/THM 920 0 544
Temperature °c 1200 1200
Q, in hot blast % 25.5 30.0
O, injected (cold) Nm3/THM 243 115
PRODUCTIVITY
Productivity index % 100 200 112
TOP GAS
Amount {dry) Nm3/THM 1411 1137 1222
Temperature °c 169 1 M

Ore Preparation
The survival of the blast furnace implies that appropriate ore
preparation technologies are available. As pellet feed is scarce,
it will not be possible to buy large amounts of pellets on the
world market and it will be necessary to continue to prepare the
ores on site, prior to charging them into the blast furnaces.
For this purpose, the agglomeration is the most convenient
process, as sinter feed is abundant. Morcover, the sinter strand
is most convenient for recycling the ferruginous by-products
generated in the iron and steelworks. Present developments aim
at reducing the SO, and NO_emissions of the sinter process.
Recycling of fumes seems particularly promising in this respect
(Table 2).

Table 2. Comparison of gas sream balances of sinter plants.

Cokemaking

Classical cokemaking has reached its final stage of development
e.g. large ovens, Jumbo coking reactor, pretreatment of the
charged coal, etc... The problems faced by this process are its
investment costs, the necessity to use expensive coking coals
and the difficulty to cope with the environmental prescriptions.

Though the disappearance of coke ovens has been forecasted
for a number of years, it can be observed that even today new
coke batteries are being rebuilt and that the coke quality produ-
ced satisfies the stringent requirements of blast furnaces opera-
ting with very low coke rates.

Alternative cokemaking technologies such as formed coke
production have been proposed and developments are still going
on in this direction, mainly in Japan. It seems however that the
quality of formed coke will not be able to meet the requirements
of large blast furnaces with high coal injections. Another possi-
bility is a continuous cokemaking process under gas pressure
butitis clear that such a development will be lengthy and costly.
A large collaboration between steel producers, coal suppliers
and equipment builders is necessary to industrialize such a
completely new cokemaking technology.

Smelting reduction

The above considerations make it clear that ore preparation and
cokemaking are very capital intensive and that they create most
of the environmental problems which the steel industry has to
face.

The dream of all steel producers is therefore to develop a
technique allowing coal and ore to be directly transformed into
liquid metal.

During the 1970s and 1980s a large number of smelting
reduction processes have been investigated'™'. These processes
use a variety of reactors fo the reduction and the smelting steps.
Apart from the COREX-process. none of them has outpassed the
pilot plant stage.

The COREX-process. which uses lump ore, pellets or sinter
as well as lumpy coal as raw materials, now has been operating
successfully for a couple of years at a scale of 300,000 t/y and
a second plant, with an expected capacity of 700,000 t/y, is
under construction. Nevertheless, many specialists consider
this process as a first generation process which, because of its
high degree of prereduction, prior to smelting, will always have
a significantly higher fuel consumption and gas export than the
blast furnace. Its economic viability depends very much on the
possibility of valorizing the large amount of relatively lean
export top gas. However, there seem to be at present some
developments. which concern either top gas recycling or the
injection of iron ore fines into the smelter (FINEX-process), that
could reduce the gross energy requirements of the COREX
process.

Taulukko 2. Sintraamon kaasujen Kierrityksen vaikutus kaasuvirtoihin.

COMBUSTION GAS (Nm3) EXHAUST GAS
TO BE TREATED
Air Oxygen Recycled fumes (Nm3)
Conventional Sintering Process 1200 - 1400
(per ton of Sinter)
New Sintering Process 40 900 300
(per ton of Sinter)
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The majority of the processes presently under development
throughout the world use ore fines and coal fines as feedstock in
order to avoid as well coking as the agglomeration of iron ores.
They generally consist of two superposed reactors: a prereduc-
tion and a smelting vessel (Fig. 2). Many of them use high post-
combustion (to CO, and H,O) of the gases arising from the
smelting vessel. The highly oxidized smelter gas has thus a very
low reduction potential and in case of a linked operation, only
moderate or low degrees of prereduction can be achieved in the
reduction stage; the higher heat requirements in the smelter are
largely compensated by the greater combustion efficiency and
the overall resultis a decrease in coal consumption and general-
ly a simplification of the prereduction reactor.

Ore Gas

Reduction

Prereduced

Ore Gas

Coal

Smelting

Fig. 2. The links between reduction and smelting.
Kuva 2. Kaksivaiheisen esipelkitys-sulapelkistys prosessin
kaavio.

The JUPITER process of USINOR/SACILOR-THYSSEN
tries to reach a high degree of prereduction of the ore by carbon
in a circulating tluidized bed; to achieve this objective, it is
necessary to abandon the linked operation and to recycle the top
gas of the reduction reactor after eliminating the CO,. If an
economic solution for the CO -wash can be found, this process
could lead to very low coal requirements.

The Cyclone Converter (CCF) proposed by HOOGOVENS,
B.S. and ILVA could prove particularly interesting'®. Preredu-
ced ore with a prereduction rate of 20—25 % is fed into the
smelting vessel (Fig. 3) where a low postcombustion rate is
performed; the latter can be operated like a well known K(M)S
converter. [ts off-gases travel through the cyclone and react with
tangentially injected ore and coal and lead finally to an excellent
gas utilization (Postcombustion ratio: 70—80 %).

The process is still in an experimental stage but in case of
success, it could become the most economical smelting-reduc-
tion process.

STEELMAKING TECHNOLOGIES

The LD Process

Refining of hot metal in LD converters is a mature technology.
The iron yield as well as the consumption of raw materials have
reached optimal levels; environmental problems are under cont-
rol; productivity has been boosted to levels beyond 500 tonnes
of crude steel per hour and per converter in operation. In certain
Japanese works, the tap-to-tap times are lower than 30 minutes
for 300 t converters.
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. Coal
PCR = Post combustion ratio
PRD = Pre-reduction degree ‘ / PR = 70 — 80%
Oxygen —= o
«— Fine iron ore
CYCLONE L+ Oxygen

PRD = 20 - 25%

Hot metal T

Slag

Fig. 3. Cyclone converter furnace (CCF).
Kuva 3. Sykloni-sulapelkistysprosessi (CCF).

In conjunction with subsequent ladle metallurgy. all impuri-
ties can be decreased to ppm levels.

For producing top quality flat products, the tendency is to use
only hot metal and internal works scrap. Charging coated new
scrap would prevent BOF dust from being recycled to the sinter
plant; therefore processes for degalvanizing coated scrap are
now under development.

External dephosphorization of the hot metal prior to conver-
ter refining is not used in Western Europe but this might become
an issue, if the BOF productivity has to be further increased., if
large quantities of extra low phosphorus steels are required or if
the necessity to decrease the amount of LD slags arises.

Continuous refining of hot metal”

The past saw an abundance of ideas and trials targeting the
development of “continuous steelmaking”™ processes. Conti-
nuous refining of hot metal was expected to offer the following
advantages:

* lower investment expenses,

* lower operating costs,

 favourable preconditions for automation,

* independence of heat sizes,

* improved thermal efficiency,

* smaller slag volume,

* higher yield.

Despite these potential advantages and despite the strong
attraction of the term “continuous™, these ideas have notreached
industrial operation. The reasons involve a number of unsolved
technical problems, and moreover, there are doubts about the
basic approach. A number of steel types require an ever-increa-
sing degree of cleanliness and closer analysis ranges. This
requirement is met by the well-known secondary metallurgical
processes. Continuous refining in conjunction with a batchwise
secondary metallurgical treatment appears less attractive. Mo-
reover, the production range often comprises a few hundred
steel types, and frequent grade changes are well practicable
batchwise, but hardly controllable on a continuous basis. Thus,
a heat-by-heat secondary metallurgical processing is necessary.
even if the melting unit operates continuously. As already
stated, such processes have not won favour, although they offer
certain advantages; they are not expected to gain acceptance in
the near future.

Present state of the electric arc furnace
During recent years, the technology for melting scrap in electric
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arc furnaces has made considerable progress. Furnace perfor-
mance has i.a. been improved thanks to:

the UHP furnace

the direct current furnace

the bottom bubbling with inert gas

the pneumatic injection of powdered materials

the post-combustion of the furnace gas

the continuous furnace charging

— Asfas as productivity is concerned, shorter tap-to-tap times
are achieved, with record levels lower than 45 minutes per heat;
the number of heats now exceeds 30 per day and per furnace.
— The negative impacts for the environment due to dust
formation and fume emissions, to the noise level,... have been
reduced. Most external scrap preheating facilities have been
discontinued in order to meet the new specifications. The more
and more severe restrictions on the deposit of the EAF dust in
landfil might require a post-conditioning treatment for remo-
ving heavy metals and zinc.

— An important effort is devoted to the decrease of the electri-
city consumption by using alternative sources of energy (car-
bon, oxygen, natural gas) and by the recovery of the off-gas heat
e.g.

— The Consteel process (Fig. 4) feeds continuously pre-
heated scrap into an adapted furnace using the chemical heat of
the furnace off-gas™. Scrap is preheated to about 600°C with an
oxygen addition in the preheater of 25 Nm3/t while the tempe-
rature of the fume can reach 1000°C. The harmful emissions are
reduced to levels required by the current regulations on environ-
mental protection.

T & % % &N

GAS DYNAMIC SLAG
E SEAL FORMERS

Fig. 4. The Consteel basic concept.
Kuva 4. Romun esikuumennus Consteel-menetelmilli.

Moreover, the dust emission is reduced by 60 % compared to a
conventional EAF.

After pilot testing at NUCOR, a 54 t/h commercial plant

operates since 3 years at FLORIDA STEEL (Charlotte). A 120
t/h plant went into operation in October 1992 at the Nagoya
Works of KYOEI STEEL. The main advantages concern ener-
gy savings and productivity increase.
— The Shaft furnace® introduced by FUCHS SYSTEM
TECHNIK involves one or two water cooled shafts mounted as
an integral part of the furnace roof. The basic idea is to charge
as continuously and directly as possible the scrap into the
furnace without extra handling. In a normal heat practice, the
first basket (cold crap) is charged directly into the furnace while
the second and third baskets are charged into the shaft.

The hot exhaust gases are extracted through the shaft from the
furnace. Coupled with oxyfuel burners located at the base of the
shaft, they preheat the scrap before it falls down into the semi-
molten bath. The scrap in the shaft acts both as a filter for the
dust and as an efficient heat exchanger. The first trials on a
prototype shaft furnace have been realized at DDS in Denmark.
An industrial unit has been erected at SHEERNESS STEEL
with a modified design compared to the DDS experience.
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Started since March 1992, the shaft furnace has confirmed
after more than 3000 heats that 60 % of the energy contained in
the off-gas can be retrieved (40 % of scrap are shredded scrap),
that the electrical consumption can be reduced by 20 % and that
the productivity is increased by almost 20 %. No environmental
problems have been mentioned.

Alternative scrap melting technologies
a) Numerous efforts have been made during the past thirty years
in order to increase scrap consumption in BOF converters with
the aim of decreasing the metallic costs.

It seems however that this hybrid solution has a limited future
because:
= for top quality products the steel purity is insufficient;

« for ordinary grades, cost considerations show that it is prefe-
rable to use 100 % scrap;

* itis no more possible to recycle the converter dust to the sinter
strand.

b) When electricity is produced from fossil fuels, the yield of the
primary energy is low. Forthis reason, new ways are permanent-
ly suggested for melting scrap entirely or partially with fossil
energy.

The EOF process is now applied in PAINS, Brasil, as well as
at TATA’s in India. In this process, carbon and oxygen are
injected below the bath level and the emerging H, and CO gases
are burned above the bath level; the sensible heat is then
transferred to the scrap in a shaft furnace (Fig. 5)".
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Fig. 5. EOF-process (10).
Kuva 5. EOF-prosessi (Energia-optimointi uuni).

¢) At FERRIERE NORD!""| the aim is to decrease the electricity
consumption of the EAF by a multiple balanced injection of gas
and coal and to control the combustion process by operating
burners and post combustion lances (Fig. 6).

The net result of these two actions is a decrease of the
electricity consumption (present average 323 kWh/t; aim 200
kWh/t) (Fig. 7) and an increase of the productivity.

Further operational results are necessary for a thorough
evaluation of the investment and operational costs of these
alternatives. In any case, the environmental aspects must never
be underestimated.



CH4 + 02
02 ™

Fig. 6. The injection in the EAF at Ferriere Nord (11).
Kuva 6. Esimerkki happi-maakaasu-hiili-injektiosta valokaari-
uunissa (Ferriere Nord).
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Fig. 7. Energy consumption in the E.A.F. Ferriere Nord (11).
Kuva 7. Sihkoenergian kulutus Ferriere Nordin valokaarjuu-
nissa.

THE CO, ISSUE

The iron and steel industry has almost halved its CO, emissions
per ton of liquid steel during recent years. As indicated in
Chapter 2, the classical blast furnace route has reached or will
reach in the near future its lowest, theoretically possible CO,
emission level. )

The smelting reduction processes operating with coal gene-
rate equivalent or even higher amounts of CO, and they will not
reduce the green house effect. .

The question is therefore often raised whether for reducing
iron ores there are alternatives to carbon e.g. hydrogen™?,
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Direct reduction processes using CH, or H, have already
reached industrial maturity. Until now, however, these proces-
ses are economically only viable in countries where natural gas
or hydrogen are available at low cost.

The ”Nuclear steelmaking” study("?

The European Nuclear Steelmaking Club (ENSEC), established
in 1973, with the aim of selecting an appropriate strategy for the
application of nuclear energy to steelmaking, investigated va-
rious steelmaking routes and evaluated their potentials to utilize
heat and electric power from high temperature nuclear reactors
(Fig. 8).

STEAM GENERATING I
r PLANT H STEAM REFORMER

T
Heat HEA
(nelium) ——— | EXCHANGER
' Y l
ELECTRICITY Blectricity
NUCLEAR REACTOR GENERATING PLANT

Fig. 8. Nuclear power applied to the D.R./E.A.F. route (12).
Kuva 8. Ydinvoiman, suorapelkistyksen ja valokaariuunipro-
sessin yhdistelmé.

The incentive for the development of high temperatur nuclear
reactors was the possibility to use directly the heat coming from
the nuclear reactor as process heat in chemical or metallurgical
processes and to avoid, as far as possible, the more expensive
and thermally relatively inefficient electricity generating cycle.
The HTR (High-Temperature Gas-Cooled Nuclear Reactor)
prepared by the O.E.C.D. Dragon project and the A.V.R. Pebble
Bed High-Temperature reactor developed in Germany seemed
capable of attaining temperatures high enough for this prupose.
In the beginning, the high temperature heat supplied by the
reactor was to be used to cover the heat requirements of a steam
reformer transforming natural gas into hot reducing gas that
could be used either for injection into blast furnaces or as
reductant in DR-processes; the medium temperature enthalpy
(350-—700°C) was to be used for the production of electric
power covering the requirements of the plant.

During the study, it appeared that hydrogen could be the
better reductant in the case of a nuclear DR-plant because of the
higher reaction rate at temperatures below 800°C, compared to
reformer gas. Three ways of producing hydrogen were envisa-
ged:
 conventional steam reforming of natural gas, followed by a
shift conversion and subsequent CO_-wash, the process heat
being supplied by the nuclear reactor.

« production of hydrogen trom water by electrolysis.

¢ thermochemical ’splitting of water”. Various thermochemi-
cal processes for the production of hydrogen were investigated,
especially that based on the reactions between iron chlorides
and water at various temperatures ranging from 150°C to 800°C.

Apart from the problems concerning the HTR, a series of
major problems stopped the investigations on nuclear steelma-
king:

* first of all the minimum scale for an economic operation of
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the HTR is about 2200 MW (thermal). In energy terms, this
corresponds to a steel production of about 5 million tonnes
relying on one single source of energy;

* the expected availability of the HTR was much too low for an
economic operation of a steelplant;

* the problem of using the energy produced by the reactor when
the steelplant is down for technical or other reasons;

* the handling of the hot gas leaving the core of the nuclear
reactor, and the necessity to supply directly a large number of
DR-modules entailed great problems;

¢ last but not least the presence of a large nuclear reactor within
the limits of a steelworks, where a large number of people work
and circulate entails very important safety problems.

These considerations led European steelmakers to abandon
these ideas but some of them might be taken up again if the
pressure to lower the CO, emissions becomes sufficiently
strong. k

Elofoil

C.R.M., in collaboration with its affiliated companics ARBED/
SIDMAR, COCKERILL SAMBRE and HOOGOVENS, has
developed a new process enabling the direct and continuous
production of iron foil from steel scrap by electroforming. The
new process — "ELOFOIL” process — enables the transfor-
mation of an inexpensive raw material into a high value added
productin a single continuous electroforming operation (Fig 9).

W Rinsing —
Tuﬁ\d/f‘\vm 9 ﬁ Treatment
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®
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Fig. 9. Pilot line for electrofoil production.

Kuva 9. Pilot laitteiston kaavio rautafolion elektrolyyttiseksi
valmistamiseksi.

Upcoiler

The ELOFOIL process is based on the well known “rotating
drum’ principle that can be summarized as follows:

Iron is deposited on arotating drum by an electrolytic process
from iron chlorie electrolyte. For a particular point of the
cathode entering the gap between cathode and anode, the thick-
ness of deposited iron increases as the electroforming time
increases. At the exit of the cell, the thickness of the iron deposit
has reached its desired value and the foil is peeled from the drum
and coiled. The stripping operation is facilitated by a special
treatment of the surface of the rotating cathode.

Since the anodes used are insoluble, the composition of the
electrolyte has a tendency to change during electroforming and
areplenishmentis necessary. The regeneration of the electrolyte
is accomplished in a separate reactor by dissolution of steel
scrap.

The ELOFOIL process introduces several technological in-

novations resulting in a major cost reduction of the produced
foil. The more outstanding featurcs of the new process can be
summarized as follows:
e a new “high turbulence low pressure” anode enabling the
realization of high current densities associated to a very narrow
gap (2 mm) between anode and cathode. The practical result of
this innovation is an increased production capacity and a dec-
reased energy consumption per unit weight of produced foil;
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* aspecial arrangement of the anodic modules renders it pos-
sible to use high cathode diameters and, hence, to increase in a
large extent the production capacity of the line;

* an improvement of the electrolyte replenishing technique
(reacting with steel scrap) permits high regeneration efficiency,
reduced waste volume, simplified reactor construction and,
finally, reduced investment and running costs.

The new process, after five years of laboratory trials, is
presently tested on a large pilot line scale with, as a principal
objective, the production of high value added thin iron foil
(thickness 8 to 80 L m).

Preliminary studies have demonstrated that it is possible to
use, in the context of the ELOFOIL process, pyrite as raw
material. In geographical areas where cheap electric energy is
available, one could envisage a combination of the ELOFOIL
process with well known processes of hydrometallurgical treat-
ment of pyrite in order to produce steel without CO, formation.

OUTLOOK

How will the technological progress in iron and steelmaking
influence the future configuration of the steel industry in Wes-
tern Europe? For carbon steels, the following trends can be
expected:

a) the productivity of large integrated steelworks has drama-
tically increased during the past ten years: An almost unchanged
total iron and steel output has been achieved with a decreasing
number of blast furnaces from150in 1978 to 65 in 1992 and LD
converters from 180 to almost 100, respectively. It can be
expected that this tendency will continue. Today itis possible to
produce 6 million tonnes of top quality flat products with:

e two performant blast furnaces with high PCl and environmen-
tally friendly coke and sinter plants:

¢ a3-converter BOF shop with a hot metal pretreatment station
and a performant ladle metallurgy:

* two classical slab casters:

* one hot strip mill.

In such a steelworks, the quality (regularity of the dimensio-
nal tolerances, high level of the mechanical properties. perfec-
tion of the steel surface) is superior to that obtained in any other
process route. As far as cost is concerned, the degression effect
of mass production is fully effective. Itis clear that to profit from
this situation, such large integrated steelworks have to receive
very large orders; the latter represent only a limited portion of
the total steel consumption and therefore the number of such
large steetworks will be limited in the future.

b) Besides large plants, numerous smaller steelworks will pro-
duce steels for well defined markets in close contact with the
steel user.

The production costs of integrated steelplants having a limi-
ted production are high and — except in favourable market or
geographical conditions — the earnings of these works will not
allow them to rebuild, in the future, production facilities incor-
porating the latest technological developments for cokemaking
and agglomeration of iron ore, complying with the stringent
ecological prescriptions.
¢) Different options are available for producing liquid steel in
market mills.

In the past, small size integrated steelplants have tried to
decrease their operating costs by increasing the scrap rate in the
converter (KMS, ALCI, TULA,...). It appears that the cost
decrease due to an increasing scrap input in the metallic charge
is outbalanced by the cost increase of the remaining tonnes of
hot metal.

Therefore an increasing number of steelworks radically turn
to the electric arc furnace.

This move optimizes the cost problem but raises questions



concerning the steel quality. For the commercial quality steel
grades, it may be assumed that the problem will be solved.
thanks to an appropriate selection of the charged scrap.

For steel grades with a higher quality. the Cu, Ni, Cr, Sn,...
contents have to be decreased. As means for eliminating these
elements from the liquid steel are still to be found. an addition
of virgin iron units in the metallic charge will be necessary in
order to dilute the tramp elements and to improve the steel
quality.

If direct reduced iron (Midrex, HIB, Fe.C....) or granulated
pig iron cannot be bought at a competitive price on the market,
the construction of a production facility on site will have to be
considered.

Direct reduction from natural gas has not been economically
feasable in Western Europe until now.

Low cost smelting reduction processes using coal are ob-
viously of interest in this context. especially when CO, emissi-
ons will be minimized. i

As an alternative, it might prove interesting to operate an
“oxygen” blast furnace provided the small quantities of coke
needed can be bought at a reasonable price on the open market.

In the field of casting and rolling, new routes are being
actively investigated with the aim of reducing investment and
operating costs in small production plants. Thin slab casting and
beam blank casting are already in industrial operation.

Strip casting is approaching commercialisation for stainless
steels and efforts are undertaken to extend its application to
carbon steels.

In a shrinking steel market, the share of integrated mills and
market mills could evolve during the coming years''¥.

Asa general conclusion, it may be said that the survival of the
steel industry depends on its ability to adopt the technical
solutions allowing it to further decrease the production costs, to
respond to the global environment concerns and to satisfy the
customer in a competing market.

The IIST study mentioned at the beginning of this paper
underlines that for meeting these objectives, an international
cooperation is necessary in coordination with other industries,
research institutes and universities.
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UUSIA VAIHTOEHTOJA RAUDAN JA TERAKSEN VALMISTUKSEEN

Terdsteollisuudelta vaaditaan ensi vuosisadalla parempilaatui-
sia terdksii pienissd erissi ja asiakasmitoissa entistd pienem-
milld kustannuksilla. Lisiksi terdksen valmistajan pitdd pystyi
tayttdmadn kiristy vt ympéristdvaatimukset, minimoimaan pias-
tot, toteuttamaan tehokas kierrétys ja hoitamaan sivutuote- ja
jdteongelmat.

Kustannusten alentaminen voidaan toteuttaa lisddmalld ny-
kyisten prosessien, masuunien, terdssulattojen ja valssaamoi-
den tuottavuutta sekd kehittimilld uusia prosesseja, joilla on
pienemmiit investointikustannukset ja vihemmin prosessivai-
heita. Tyypillisid esimerkkeji nykyprosessicn kehityksestid ovat
masuunin hiili-injektio korvaamaan kallista koksia seki raaka-
raudan esikisittelyjen ja senkkametallurgian kehittdminen niin,
ettd konvertteriprosessi keskittyy hiilen mellotukseen, jolloin
tuottavuus voidaan maksimoida.

Uudet sulapelkistysprosessit tihtddaviat masuunin korvaami-
seen uudella prosessilla, joka tekisi rautarikasteen sintrauksen
ja kivihiilen koksauksen tarpeettomaksi. Tillaisia prosesseja

ovat mm. COREX, JUPITER ja CCF.

Romupohjaisessa teriksen valmistuksessa pyritdidn energia-
sadstoon kidyttamilld hyviiksi savukaasujen energiasisiltod
(Consteel, Fuchs) sekid korvaamalla sdhkod fossiilisilla poltto-
aineilla (KS, KVA ja EOF-prosessit).

On mydos selvitetty teridksenvalmistusta ydinvoimalan yhtey-
dessd.

CRM on yhdessd teollisuuden kanssa kehittinyt Elofoil-
prosessin, jossa elektrolyyttisesti saostetaan ohutta rautafoliota
kloridiliuoksesta.

Valumenetelmien kehitys johtaa ohutaihiovalun yleistymi-
seen ja pitemmalld aikajdnteellid nauhavalun lipimurtoon.

Yleinen rakennekehitys teriisteollisuudessa on kohti pienem-
pid, joustavia yksikoitd. Euroopassa on tapahtumassa siirtymis-
timalmipohjaisesta terdiksenvalmistuksesta romupohjaisen sih-
kéuunivalmistuksen suuntaan. Ongelmana nousee esiin romun
epdpuhtaudet, miké lisdd mielenkiintoa puhtaisiin raaka-ainei-
siin, suorapelkistettyyn rautaan ja rautakarbidiin.
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The Golden Age of Extractive Metallurgy: 1950—7?

Professor Nickolas J. Themelis, Columbia University, New York, U.S.A.

The speech given at the 50th Anniversary Meeting of the Finnish Association of Mining and Metallurgical Engineers in Helsinki

on 19th March 1993.

ABSTRACT

The fiftieth anniversary of the Finnish Association of Mining
and Metallurgical Engineers coincides approximately with the
second half of this century. One may be astonished to learn that,
in this very short period, humanity has produced more metal
than in the total of the thousands of years of history before it.
This feat could not have been accomplished without a radical
change in the ways that metals are made, that is the discipline of
extractive metallurgy which blossomed in the second part of the
20th century. This paper traces the extraordinary developments
of this period, starting with the introduction of high intensity
smelting processes in two northern countries, Finland and
Canada. Tt is clear that the fifties marked the beginning of the
Golden Age of extractive metallurgy but the question remains as
to whether this period of extraordinary achievement is near its
end. '

INTRODUCTION

The author was truly honored by the invitation to present this
paper at the fiftieth anniversary meeting of the Finnish Associa-
tion of Mining and Metallurgical Engineers: Finnish metallur-
gists have contributed significantly to the story to be unfolded
in this paper.

The history of extractive metallurgy goes back at least six
thousand years, to the copper smelters of the Timna valley of
Israel'. Copper, silver and gold were the first metals to be used
by mankind, because they could be found. and sometimes still
are, in their "native”, metallic state. Those chunks of metal led
man to use fire for processing minerals to metals and alloys.
Metals have played such an important role in the development
of our species that periods in the history of various peoples are
marked by their initiation into the making and using of metals,
such as the "bronze age” and the “iron age™”.

In the history of mankind, there have been periods of time
when particular arts and sciences flourished. One can mention
Athens of Phidias and Sophocles and Florence of DaVinci and
Michelangelo. It may be immodest of self-serving to compare
one’s times to some of the illustrious periods of western civili-
zation, but if one examines the history of extractive metallurgy
through the ages, it appears that in the early fifties. near the
founding of the Finnish Association of Mining and Metallurgi-
cal Engineers, we entered the Golden Age of Extractive Metal-
lurgy.

This hypothesis and, also, the question as to where we may be
heading from now on are examined in this paper. To be mana-
geable, the search will concentrate on one of the first metals to
be extracted by man: Copper.

COPPER CONSUMPTION AND
STANDARD OF LIVING

Although copper has been used through the centuries for func-
tional uses as well as for decorating structures and people, its
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principal uses at the present are functional: As a heat-exchan-
ging and electricity-carrying metal in devices of all kinds. In
contrast to gold and silver, which can be overused and hoarded
by the rich, most of the copper consumption in a nation is by the
majority of the people.

Therefore, one may consider that the copper consumption per
person is a measure of the standard of living in a country. Of
course, this refers only to the material standard of living and not
to the overall quality of life, which also depends on cuitural and
societal values.

It is interesting to follow this line of reasoning and compare
the copper consumption in some countries of the world, such as
Canada, China, Finland, India. Japan, and U.S.A. However, the
only available data by country are for refined copper consump-
tion and should be corrected for copper contained in the pro-
ducts exported and imported by each nation. Unfortunately, this
information is not being compiled presently?.

In its absence, we can use the refined copper consumption
data’ by assuming that there is an approximate balance in the
copper content of products imported and exported. As shown in
Table 1, the per capita consumption of copperis as highas 15 kg/
year in Finland and as low as 0.1 kg in a developing nation like
India. The important message of Table 1 is that the world
average consumption of copper is 1.88 kg/person, a figure
which is considerably lower than in the developed nations as a
whole, and much higher than what is available to the most
populous nations. The level of copper production that would be
required to bring the globe to a half-way standard. for example
6 kg/person, is beyond the wildestdreams of present-day copper
producers. The role of extractive metallurgy technology in this
task will be discussed later.

GROWTH OF PRODUCTION AND
CONSUMPTION OF COPPER

It has been stated’ that until the beginning of the nineteenth
century academia was all hypotheses but no facts and industry
all facts but no understanding. Although copper had been
through the ages the most important functional metal to man,
next to iron, the rate of its production and consumption by the
end of the first decade of the nineteenth century was only about
16,000 tonnes™.

By the end of the so-called industrial revolution®, in the
middle of the nineteenth century. the world’s annual copper
production had doubled to about 35,000 tonnes and by 1875 to
100,000 tonnes. At the entry of the twentieth century, copper
production was about 500,000 tonnes. By 1929, the production
and consumption of copper had quadrupled to 2 million tons and
then there was a modest increase to 2.5 million by 1950*. Then,
in the next forty years. the refined copper consumption quadrup-
led to amaximum of abouteleven million tonnes in 1989 and has
hovered around that level since then®. These data are shown in
graphical form in Figure 1. The great jump in copper production



Table 1. Annual consumption of refined copper.
Taulukko 1. Raffinoidun kuparin vuotuinen kulutus.

Country Population Refined Per capila
million copper| consumption
consumption of refined
thousand Cu, kgly
tons/y®

Australia 22 114.6 5.2 )
Bravil 135.6 136.9 1.0
Canada 25.4 226.1 8.9
Chile 1.3 245 2.2
China 1057.2 4259 0.4
Finland 4.9 74.4 15.2
Germany, East (1986) 16.6 115.3 6.9
Germany, West (1986) 61.1 787.5 12.9
India 685.2 75.5 0.1
[taly 57.3 377.2 6.6
Japan 121 1363.6 11.3
Sweden 8.4 111.6 13.3
United States 250.1 2126.4 8.5
WORLD TOTAL: 5236.0 9859.6 1.88

in the second half of this century is evident. What is more
astonishing is thatin this brief period. humanity consumed more
copper than in the total of sixty centuries before it.

One may read in the curve of Figure | some messages to our
society: For example, is the levelling off in the eighties a sign of
a temporary economic recession, as believed by some econo-
mists? Or is it an indication that we have actually reached the
limits to growth prophesied by others? In either case, how will

REFINED COPPER CONSUMPTION
( million tonnes )
o
T

1810 1850 1900 1950 2000

Fig. 1. World copper consumption in the 19th and 20th centu-
ries.
Kuva 1. Maailman kuparituotanto 19. ja 20. vuosisadalla.
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it be possible for the billions of the developing countries, whose
annual per capita consumption is less than one kilogram of
copper, to reach, even halfway, the material standard of the
highly developed countries?

In the following sections we will contain ourselves in exami-
ning how, since 1950, the science and technology of metal
extraction made it possible to provide humanity with its ever
increasing needs for metal; and whether, in the foresccable
future, minerals engineers may help to bridge the gap between
the haves and the have-nots.

ADVANCES IN SCIENCE

The two major branches of the science of extractive metallurgy
are chemical thermodynamics and rate phenomena which en-
compass chemical kinetics as well as mass and heat transfer.
Both of these branches literally blossomed in the last four
decades.

In thermodynamics, one can cite the contributions of Chip-
man, Darken, Elliott, Kellogg, Kubaschewski, Rosenqvist,
Schuhmann, Tikkanen and Wagner amongst the many academic
and industrial researchers who have provided thermodynamic
data for thousands of reactions. Some of the most relevant
publications of Kelley® ushered this era and the first comprehen-
sive compilation of data, the JANAF Tables'’ was published in
1964, four years later than the first volume of “Thermoche-
mistry for Steelmaking” by Elliott and Gleiser' and seven years
before the series of monographs on "The Metallurgy of Copper”
published by the International Copper Research Association'?.
In recent times, the advent of the computer has led to the
development of extensive compilations of data such as that by
Thsan Barin and co-workers'® and the computerized HSC pro-
gram developed by Outokumpu Research™.

With regard to the rate phenomena of metal extraction reac-
tions, the advances made were even more spectacular, simply
because the scientific base in this area, before the fifties, was
very limited. King, Levenspiel, Pawlek, Peters, Turkdogan,
Richardson, Szekely, Wadsworth and some of the academic
metallurgists named earlier were amongst the many to shed light
on the rates of chemical reactions, on transport phenomena, and
on metal extraction reactors in general. In turn, their work
inspired industrial engineers to pilot and test new processes
which would produce metals much faster and at a lower energy
and environmental cost.

Again, the rapid development of computers was of great
value in the interpretation of experimental data and the develop-
ment of mathematical models which simulated metallurgical
processes with a certain degree of accuracy.

PYROMETALLURGY AND
HYDROMETALLURGY

Some years back, extractive metallurgists were neatly divided
into pyrometallurgists and hydrometallurgists and the argu-
ments raged as to which route is the preferred one. In one case,
this argument was settled nearly eighty years back when the
Hybinette hydrometallurgical process was tested and tried by
Outokumpu'. However, as the science and technology advan-
ced rapidly, metallurgists found themselves dealing with both
routes in order to get the desired result. For instance, copper may
be produced pyrometallurgically but the recovery of its fellow-
travellers, such as selenium and tellurium, depend on hydrome-
tallurgy. Also, the production of zinc starts in a fluidized bed
roaster but ends in an electrowinning cell.

One thing that has become very clear is that although pyrome-
tallurgy requires high temperatures, the energy required to
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produce a unit of metal may be substantially lower than via the
aqueous route. In this respect, the work by Kellogg and his
introduction’ of the Process Fuel Equivalent (PFE) did much to
dispel certain pre-conceptions and misconceptions. In brief, by
processing feed materials of high metal content, pryometallur-
gical processes offered an energy advantage over hydrometal-
lurgical systems which usually dealt with dilute aqueous solu-
tions.

However, in other cases where a low grade material is
processed, such as ore "waste™, there is no alternative to hydro-
metallurgy. An example of this is the substantial production of
copper from dump leaching and from the vat leaching of oxidic
ores.

Although most of the new processes of the ”Golden Age™ in
Table 2 are pyrometallurgical, hydrometallurgy also took a
great leap forward since the fifties. The most spectacular advan-
ces were in the development of solvent extraction, pressure
leaching and in novel electrowinning and electrorefining pro-
cesses.

ADVANCES IN TECHNOLOGY

In the second part of this century, there have been so many
innovations in the methods for metal extraction that it would
take many pages just to list them. Nevertheless, the author has
attempted to list some of the most important developments in
Table 2. This tabulation does not include the advancements
made to existing processes, such as the tremendous increase in
the capacity and productivity of the iron blast furnace. In

Table 2. Some of the most important developments since 1950.
Taulukko 2. Kehityksen erditi tirkeimpii tapahtumia sitten
vuoden 1950.

Process Metal
Basic Oxygen Converter (LD. BOF) Steel
Bottom-injected Oxygen Converter Steel

AOD Refining Process Stainless steel

Outokumpu Flash Smelting Copper, nickel

Noranda Continuous Smelting Process Copper

El Teniente Converter Copper

INCO Oxygen Smelting Process Copper, nickel

Mitsubishi Process Copper
Vanyukov Furnace Copper
Imperial Smelting Process Zinc
Fluid Bed Roasters Zinc
Kivcet Process Lead

QSL Process Lead
{sasmelt Process (Csirosmelt) Cu. Pb. Sn

Sherritt Gordon Pressure Leaching Nickel, cobalt

Electrorefining of nickel matte Nickel
Dump Leaching- Iron Cementation Copper
Solvent Extraction-Electrowinning Copper
In-situ leaching-Ton exchange Uranium
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pyrometallurgy, the major advances were in the utilization of
industrial oxygen and the growth of gas-solids reactions, such as
flash smelting and fluidization and gas-liquid reactions, such as
the basic oxygen furnace and ladle refining. In hydrometallurgy,
dump leaching, in-situ leaching, pressure leaching, solvent
extraction and electrowinning contributed much to the overall
production of metals.

Iron and Steel

Starting with the production of steel, the most significant deve-
lopment in ferrous extractive metallurgy was the replacement of
the open hearth by the basic oxygen furnace for steelmaking.
This process, based on the injection of an oxygen jet through the
surface of the iron melt, truly revolutionized the conversion of
high-carbon iron into steel and reduced the time of processing
from hours to minutes. After its introduction in Austria in
1952, the basic oxygen furnace was improved further by the
injection of inert mixing gas though the bottom'”.

However, the introduction of industrial oxygen through a
bottom tuyere had to await the invention of the Savard/Lee gas-
shielded tuyere.'® This simple but important development made
possible, in 1967, the injection of oxygen through tuyeres in the
bottom of the steel converter. In 1992, oxygen steelmaking
accounted for 540 million tonnes of which about 91 % was by
the LD-BOF process and the rest by the OBM-QBOP process'®.

Another important innovation in this period was the AOD
(Argon-Oxygen-Decarburization) process for producing stain-
less steels, which is based on the bottom injection of argon. This
process is the most prominent of a whole family of gas-injecti-
on, ladle-refining operations for steel and other metals.

Copper

In copper, the midpoint of the twentieth century found most of
the copper industry using the age-old reverberatory furnace.
This process, which by now is used in very few places in the
world, consumed large amounts of fuel oil or coal and produced
a gas that was very low in sulfur dioxide content and was usually
exhausted to the atmosphere through a stack: approximately one
tonne of sulfur was emitted for each tonne of copper produced.

Some companies were using electric furnaces instead of
reverberatories and the costly electric power accounted for a
large part of the cost of producing copper. For example, the
Harjavalta smelter of Outokumpu could consume as much
power as one half of the city of Helsinki'. For this principal
reason, the Outokumpu engineers developed a radically new
smelting technology which was implemented at Harjavalta in
the early fifties.

This was the Outokumpu flash smelting furnace® which
became the first and most successful of the family of flash-
smelting processes, that is processes in which the concentrate
particles were entrained in a gas stream and reacted mainly
while in flight*'.

Next to the basic oxygen furnace for steelmaking, the Outo-
kumpu process is the most successful extractive metallurg
process in this period, with nearly forty installations around the
world?®’. This and other important metallurgical innovations by
Outokumpu, such as flotation cells and automation of sampling
and analysis have placed Finland in the forefront of extractive
metallurgy R&D.

Nearly the same time as Outokumpu, International Nickel
introduced another flash smelting process, the INCO oxygen
smelting process, at Sudbury, Ontario. In that case, the impetus
to use industrial oxygen instead of air was provided by the need
to produce a very high SO, gas, suitable for the production of
liquid sulfur dioxide. It is interesting to note that the INCO



process appears to be the first one of many processes to use pure
oxygen. The INCO process was very successful in the INCO
operations but took nearly thirty years before the first "outside”
installation, at Hurley. New Mexico.

The seventies saw a flurry of activity in the development of
processes based on the bath-smelting principles®. The most
succesful of these are the Noranda continuous smelting process
and the El-Teniente Converter (Figure 2) developed by CO-
DELCO in Chile. Both of these reactors are somewhat similar
to the Peirce-Smith copper converter and at this time account for
a total of about 20 % of the world’s copper production.

Cu,S \FeS2\FeS + O
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Fig. 2. The El Teniente smelting converter.
Kuva 2. El Teniente sulatuskonertteri.

The most automated copper smelting process is the Mitsubi-
shi process (Figure 3) which produces copper continuously in
three interconnected furnaces (smelting, converting, slag clea-
ning).

o’

CuzS \ FeS2\Fe§ + O3 — + FeO + SO,
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Blast Air,- 40—50% O,
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C—Slag to
S--Furnace
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Anode Furnace

Discard C - Furnace
Slag

S—Furnace

SH-—
Furnace

Fig. 3. The Mitsubishi continuous smelting process.
Kuva 3. Mitsubishi jatkuva sulatusprosessi.

Another important copper smelting process, developed in
Russia, is the Vanyukov furnace (Figure 4°%). It is a bath-
smelting process in which the oxidizing gas is injected into the
slag instead of the matte layer, as in the Noranda process. This
process was commercialized in Norilsk in 1977 and presently
there are six furnaces in operation™.

Over the years, as the cost of industrial oxygen decreased,
copper companies realized the advantages of oxygen enrichment:
lower energy consumption and lower cost of gas-handling and
sulfuric acid production, both of which related to the decreased
amount of input nitrogen. As an illustration, Figure 5 shows the
potential for decreasing the inside dimensions of the Outokum-
pu flash smelting reactor by means of oxygen enrichment. In the
eighties, a number of new high-intensity smelting processes
have been proposed which are based on the use of pure oxygen
instead of oxygen-enriched air**, Of these, the only one that has
reached the industrial stage is the Isasmelt process.

CuzS + FeO + SO,
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Fig. 4. The Vanyukov smelting process.

Kuva 4. Vanjukov prosessi.
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Fig. 5. Comparative sizes of Outokumpu furnace using air and
industrial oxygen.

Kuva 5. Ilmaa ja teknistd happea kiyttivin Outokumpu liekki-
sulatusuunin uunin kokovertailu.

Zinc

In zinc production, the development of the Imperial Smelting
Process made possible, starting in 1951, the direct processing of
lead-zinc concentrates in a blast furnace. However, advances in
concentration technology and the comparatively high cost of
coke have reduced the availability of lead-zinc "bulk” concen-
trate, which is the feed material for this furnace. The principal
method for zinc production is presently the fluidized roasting of
zinc sulfides (Figure 6*°) followed by leaching and electrowin-
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ning. However, this semihydrometallurgical route has the disad-
vantage of disposing large amounts of tailings and iron precipi-
tates. Therefore, some zinc companies are actively searching for
potential pyrometallurgical alternatives.

With reference to fluidized bed roasting, it is interesting to
note the growth inroasting capacity of industrial installations by
Lurgi, the principal engineering firm in this area, from zero in
1950 to about 18 million tons in 1983,

Lead

A number of new processes have been developed for the direct
processing of lead sulfides to metallic lead. The only ones in
commercial operation are the Kivcet process (Figure 7) and the
QSL process (Figure 8). The former is a flash-smelting process
and the latter belongs to the bath-smelting class. Both of them
are based on the use of industrial oxygen.

PS + C + O, Pb + SO, + CO + CO,

Reslidues
Process—"

Gas

IT

Electric Furnace

surface coke
Slag = Slag
Metal Lead
------------------------------------------ Bullion

Fig. 7. The KIVCET process for smelting lead concentrates.
Kuva 8. Lyijyrikasteiden sulatukseen kehitelty KIVCET-pro-
sessi.
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Fig. 8. The QSL smelting process for lead concentrates.
Kuva 8. QSL-prosessi lyijyrikasteiden sulatukseen.

Nickel

The Outokumpu flash smelting and the INCO oxygen smelting
processes, mentioned above, have been used successfully for
the smelting of nickel sulfide concentrates. The technology of
pre-reduction and electric furnace smelting of lateritic materi-
als, to produce ferronickel, was advanced greatly in the last forty
years but economic reasons have reduced nickel production via
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thisroute. Important hydrometallurgical developments were the
Sherritt-Gordon pressure leaching process, the chloride electro-
winning process of Falconbridge, and the electrorefining of
nickel from nickel matte anodes.

Aluminum

In the lasthundred years, man succeded in harnessing electricity
to produce aluminum and other metals, such as magnesium and
calcium. There have been attempts since the fifties to replace the
electrolytic Hall-Heroult process. for example by means of
carbothermic reduction of alumina, but they were not success-
ful. Nevertheless, there have been great improvements, as
witnessed by the decrease in power consumption from about 26
Kw/kg Al in the forties to 13 Kw/kg in the most efficient Hall
cells today?.

THE FUTURE

It can be seen from the foregoing that in order to satisfy the
enormous appetite for metals of the lust two generations, extrac-
tive metallurgists have come up with a cornucopia of theories
and new technologies, such as had never been witnessed before.
The question remains: Can this pace be maintained or have we
come near the end of the Golden Age of Metallurgy? To answer
this difficult question, we need to look into a number of factors.

A global industry that expands four-fold in less than forty
years obviously must have the resources and the markets to do
so. In the case of the mineral industry, these resources were
mineral deposits, capital investment and human resources. The
human resources, including the R&D component, were motiva-
ted by the opportunities offered by the rapid expansion and the
influx of capital.

Today. the developed nations of the world. roughly 20 % of
humanity. use about ten times more copper than the developing
nations (roughly 80 % of humanity). To bring up the developing
nations to the level of the developed ones would require nearly
2400 % increase in copper production. to the level of 50 million
tons per year. Therefore, taking an optimistic view, there is a
large potential market for increased metal production.

However, the mineral resources, despite the large sums spent
and the great advances in exploration technology, on a constant
ore grade basis, are constantly dwindling. As a result, the
average grade of mined ore has decreased by a factor of two or
more since 1950. In consequence. the amount of energy and
other costs required to produce a unit ot metal have increased,
despite the great strides in technology.

In his 1978 TMS/ASM Lecture in Materials and Society,
Kellogg®” pointed out that the threat to global mineral supplies
was not their eventual exhaustion but that the cost of recovering
metal from progressively lower-grade minerals would become
prohibitive. He illustrated this point by means of Figure 9 which
shows that the energy consumption, per unit of metal produced,
increases logarithmically with decreasing ore grade.

The ores we have mined until this day (middle band, Figure
9) contain discrete grains of valuable minerals which can be
recovered by concentration; however, processing of the ores of
the future (uppermost band, Figure 9), by means of direct
pyrometallurgical orhydrometallurgical treatment. may require
ten to one thousand times as much energy per unit of metal.
Kellogg aptly called these effects the tyrannies of ore type and
ore grade.

Because of this unavoidable trend. the mining and processing
of the future ores will be less profitable than today. Yet, the
present day mineral industry, with few notable exceptions,
apparently can hardly scrape together the funds needed to
support industrial and academic research. As a result, most
centers of excellence on extractive metallurgy have been shut



T T T T
LEAD FROM COMMON ROCK

10% Jiors
10" J1o™
10 d10"
10° Jiow

BAUXITE

108 410

107 1000

CONCENTRATES FROM
CURRENT SULFIDE ORES

1 1 1 ]
0.001 Q.01 01 1.0 10.0

ORE GRADE, PERCENT OF METAL

ENERGY ,BTU PER TON OF METAL RECOVERED

100.0

ENERGY,JOULES PER METRIC TON OF METAL RECOVERED

Fig. 9. Estimated energy consumption for mining and primary
processing of metallic ores (H.H. Kellogg. ref. 27)

Kuva 9. Louhinnan ja metallimalmien primédriprosessoinnin
arvioitu energiankulutus.

down or changed their names and goals to loftier subjects, such
as "advanced materials” or the like.

To look on the optimistic side, since the fifties, the need to
conserve energy and to improve environmental control have
been two powerful levers for research and development in
extractive metallurgy. Itis possible that, as the pressures on both
of these fronts increase in the decades to come, extractive
metallurgy may be nurtured once again to shine as it did in the
second half of the twentieth century. The scientific and techno-
logical basis is certainly there and, in the foreseeable future, the
hunger of mankind for metals will be second only to that for
energy sources.

CONCLUSIONS

The tremendous growth in metal production since 1950, and in
the scientific and technological base which supported it. appear
to qualify this period as the Golden Age of extractive metallur-
8Y-

If one considers

a) the aspirations of nearly 80 % of humanity for a higher
standard of living,

b) the diminishing ore reserves and increasing energy costs
per ton of metal,

¢) the increasing global need for environmental control,
itwould appear that the world’s need for education, research and
development in metal extraction is greater than ever. However,
industrial and government commitment in this area have declin-
ed severely during the last decade. The R&D keywords now
seem to be "computers, communications, advanced materials™.
Will the conditions ever be as favorable for extractive metallur-
gy as they were during its Golden Age of 1950—19807? As the

YHTEENVETO

v,

VUORITEOLLISUUS ¢
BERGSHANTERINGEN

philosopher said: “All is possible in this best of all possible
worlds.”
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PROSESSIMETALLURGIAN KULTAINEN AIKAKAUSI: 1950—?

Vuorimiesyhdistyksen viisikymmenvuotistaival sattuu suun-
nilleen tdmédn vuosisadan toiselle puoliskolle. Joku voi hiim-
mistelld todetessaan ihmiskunnan tuottaneen tind lyhyeni ai-
kavilinid enemmiin metalleja kuin koko sitd edeltidneen histori-
ansa vuosituhansien kuluessa. Timid saavutus ei olisi ollut
mahdollinen ilman radikaalia muutosta niissi menetelmissi,
joilla metalleja valmistetaan, so. prosessimetallurgiassa, joka
on puhjennut kukkaansa kahdennenkymmenennen vuosisadan

toisella puoliskolla. Tima esitelmi jéljittid kyseisen aikakau-
den erikoislaatuista kehitystd. joka alkaa intensiivisulatusme-
netelmien kiyttéonotolla kahdessa pohjoisessa maassa, Suo-
messa ja Kanadassa. On selvai, ettd viisikymmenluku merkitsi
prosessimetallurgian kulta-ajan alkua, mutta voimme asettaa
kysymyksen, onko timi erinomaisten saavutusten aikakausi
lihestymiissd paiitepistettiin.

95



V.
VUORTEDLLISUUS %9
BERGSHANTERINGEN

Trends of the Automotive Industry in Recycling Technology —
Its Challenges and Opportunities for the Base Metals Industry

Professor Dr.-Ing. Ulrich Seiffert, Board Member of Volkswagen AG, Wolfsburg, Germany

The Speech Given at the 50th Anniversary Meeting of the Finnish Association of Mining and Metallurgical Engineers by Marina

Congress Center in Helsinki on 19th March 1993.

INTRODUCTION —
REQUIREMENTS OF THE AUTOMOBILE

In recent years, the automotive industry has had to face up to
processes of great change, which will, in the future, still inten-
sify. The main reasons for this are: the demands on the product,
which include the questions of recycling and traffic technology:
competitiveness with regard to the vehicle development pro-
cess: and productivity in the field of production. including
associated logistics and customer orientation of marketing.
sales and service.

Automobiles now account for more than 80 % of all personal
transportation. Their development has become increasingly
complex. The largely contradictory demands placed on the
automobile are high levels of vehicle safety with low weight;
high degree of comfort, low fuel consumption. minimal exhaust
and odour emissions, high quality and unchanged transportation
performance.

The most important development points today are:

— Safety

— Fuel consumption and emissions

— Environmental protection and recycling

— Alternative drive systems and energy sources
— New vehicle and traffic concepts

— Vehicle electrics/electronics

In the last tew years, environmental protection has gained
significance in public debate. We can even assume that in
sensitive markets the acceptance and thus the commercial suc-
cess of an automobile is influenced by the environmental com-
patibility expected of the vehicle.

This does not however mean that we regard environmental
protection as purely a marketing function. We conscientiously
accept our responsibility for the environment in the interests of
quality of life in the future.

This is no new idea at Volkswagen. Plans for coupling the
energy and heat from power stations were made and realized as
early as 1938.

ENVIRONMENTAL STEPS IMPLEMENTED IN
VOLKSWAGEN PRODUCTS

The manufacture, operation and after-use treatment are discus-
sed under the heading "Environmental Compatibility”. The
latter will be addressed in detail later.

Environmental steps which have already been implemented
in production include:
— Further reduction of power generation cmissions
— Water management with separate supplies for utility and
drinking water
— Solvent-free cavity conservation since 1979
— Increasing use of water-soluble paints, new paint shops in
Emden, Hanover and Wolfsburg.
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Steps taken on the vehicle include:
— Engines with low fuel consumption and emission levels,
especially catalysed Diesel, TDI, engine/gearbox management
with increased application of electrics/electronics
— Reduced resistances (drag coefficient, rolling resistance,
weight). This has led to a 25 % reduction in fuel consumption in
our vehicles in Germany.
— Development of alternative vehicle concepts and drive sys-
tems. alternative energy sources (Eco-Golf. Hybrid Golf, E-
Golf, Multi-fuel etc.)
— Development of new traffic systems for improved networ-
king of private and public transport, parking information sys-
tems
— Use only of CFC-free air conditioners, asbestos-frec brake
and clutch linings, no use of cadmium.

The third aspect is the treatment of the vehicle after use.

THE VOLKSWAGEN RECYCLING CONCEPT

An offensive recycling strategy. as practised at Volkswagen,
demands an optimization of the process of product design >
manufacture >utilization > disposal. In this, recyclable construc-
tion and material selection are just as necessary as other impor-
tant criteria like low fuel consumption or vehicle safety.

These influencing factors. together with the following crite-
ria, must be taken into account in the recyclable construction of
automobiles:
— Components must be easily dismantled from scrap vehicles
and a low cost sorting of materials by type must be possible.
— Recyclability must be taken into account when selecting
materials. This will be discussed in more detail in the section:
Choice of materials. It is necessary to mark the materials,
especially the plastics.
— Critical materials must not be used for the disposal. thermal
reprocessing etc. or they must be easily and cheaply separated.
— To guarantee the economic feasibility of utilizing scrap
vehicles, it must be considered when, how many and for which
components recycled materials (or factory-reconditioned com-
ponents from scrap vehicles) can be used in the production of
new vehicles.

Starting from this framework, the recycling objectives given
in Figure | are arrived at.

Legal position

In August 1992 the German Minister for the Environment
published a white paper for the "Directive on avoiding. reducing
and utilizing waste from vehicle disposal”. Thus the legal basis
for the future recycling of scrap vehicles in Germany has been
made clear and this should be seen as the standard for the
development of vehicle in the future. Legislation is planned to
ensure:



® For existing cars the rejection process
has to be established such that the
environment and resources are.protected

® New cars must be designed for good recycling

®  Recycling of materials

® Techno —economic assessment ofrecycling
processes; establish economic infrastructures
“for scrapped automobiles

Fig. 1. Recycling goals.
Kuva 1. Kierriityksen tavoitteet.

— Vehicles have to be developed, constructed and produced so
that they have maximal life expectancy. can be easily dismant-
led and the components, so far as it is technically feasible, can
be reused or materially reprocessed.

— The materials used must make material reprocessing easier,
have a uniform identification system and be environmentally
disposable.

— The directive applies to vehicles and to replacement and
exchange parts and accessories.

— Manufacturers must accept vehicles back from the last ow-
ner.

— Manufacturers must therefore establish a vehicle return
mechanism for their respective products. ”Other utilizers” are
still permitted.

— Return of vehicle must be free of charge for the last owner,
except in the following cases: the disposal of the vehicle is made
difficult through the addition of foreign materials and parts; the
vehicle has been involved in an accident, making dismantling

technically impossible: the vehicle came onto the market before -

the directive became law, and the costs of reprocessing exceed
the gains trom material reprocessing.

— Manufacturers must, so fas as it is technically possible,
subject returned scrap vehicles to reconditioning or material
reprocessing. All operating materials and other parts which
hinder recycling are to be removed. Components whose mate-
rials can be utilized must be dismantled.

— The directive contains quotas as percentage-by-weight for
all recycled materials.

— Manufacturers must document their reprocessed material.
— The last owner must return the scrap vehicle to the manufac-
turer in such a condition that it can be environmentally disposed
of.

— Manufacturers may employ third parties to carry out these
commitments.

The automotive industry assumes they will be able to estab-
lishreprocessing plants themselves, i.e. reprocessing plants will
be created for a particular vehicle manufacturer, and will then be
supported accordingly. Furthermore. guarantees must be found
that scrap vehicles can also be returned at the appropriate places.
Voluntary activities on this basis are also feasible without legal
directive.

For Volkswagen this means a future recycling strategy, as
illustrated in Figure 2.

Steps taken by Volkswagen

In order to test the concepts described, Volkswagen, together
with their dealers, ran a pilot project on the utilization of scrap
vehicles. Volkswagen was the first automobile manufacturer to
undertake such a project. The basic objective of the pilot project
was to develop methods of reprocessing materials and vehicle
fluids by type. The economic feasibility of the material circuits
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steel industry

supplier

\ parts

{_‘ existing H not existing H available

Fig. 2. Future recycling periphery.
Kuva 2. Kierriityksen tuleva vaikutuspiiri.

to be installed depends on this. This study into dismantling
vehicles led directly to the take-back guarantee given in Germa-
ny since September 1991 for all third generation Golf vehicles.
This was possible because material expertise was available from
the project, and initial constructional details could be conside-
red into the vehicle during development.

Furthermore, during the pilot project various material circuits
were established for plastics. Recycled material from scrap
bumpers has been used since May 1991 in manufacturing new
bumpers for the VW Polo. This was extended in July 1992 to
include the VW Golf. This made Volkswagen the first automo-
bile manufacturer to succeed in using old plastics in the same
components from which they were obtained.

Further parts made from recycled material are wheel housing
liners, V-belt covers, battery covers (e.g. AUDI 80, introduced
in 1990, the first production component anywhere in the world
made from material obtained from scrap vehicles), and of course
noise-damping mats.

The pilot project was concluded at the beginning of April
1992. The knowledge gained from the project gave rise to the
world’s first semi-automatic industrial disassembly plant for
scrap vehicles. This plant is sill being run independently by the
industrial materials specialists Heeren. The Volkswagen Group
Research Division also has a disassembly and recycling centre
at the same location, where all Group vehicles, VOLKSWA-
GEN. AUDI, SEAT, and SKODA are examined regarding the
necessary dismantling techniques and possible weak points
concerned with this (Figure 3).

Production Development

—>

¥

[ Drain off and Dismantling |

Typesorting of Materials, \ Know How ]
Separation of Subassemblys

Materials — Recon —
Recycling ditioning

Preparation of Resulits,
Proposals of Improvement

New Parts
Exchgange Spare Parts Workshops

l Specifications ]—

Fig. 3. Results of car dismantling at VW Research Recycling
and Dismantling Centre.

Kuva 3. Autojen purkauksen selvitys ja tutkimuskohteita VW:n
tutkimuskeskuksessa.

Know How Transfer, |
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This guarantees that in the future all vehicles of the Volkswa-
gen Group will not only be examined in the conventional test
cycles, which has been the practice up until now, but will also
be examined for their recyclability. The relevant disassembly
handbooks will also be available shortly.

Volkswagen is also involved in the work of Project Group of

the German Automotive Industry for Scrap Vehicle Recycling
(also known as PRAVDA from the German acronym). The first
recycling plants were licenced by the automobile manufacturers
in the course of this work. In this way it is possible to gather
expertise in both conventionally operating companies and in
semi-automatic large-scale companies. Individual companies
are supported through the respective disassembly handbooks,
from which material, weight and approximate disassembly time
of the assembly groups which can be sensibly dismantled can be
taken. The materials obtained are passed on to the raw materials
industry as test material.

The individual work steps forrecycling the materials illustra-
ted in Figure 4 are shown in Figures 5 and 6.

The ultimate objective of this is to obtain large quantities of
material of a single type. Apart from whenremoving aggregates
(these have been reconditioned at Volkswagen since 1948),
some parts are destructive dismantled on removal for increased
economy. Disassembly is thus not simply assembly in reverse.

Nonferrous Metals Iron and Steel

The recycling of the car-body is
effected in a two-stage shredder
operation. The steel pellets so
recovered have a purity of more
than 99.4 percent iron. They are @
high-grade starting materiai, and
are used in the steel industry as
scrap for cooling.

Aluminium

The aluminium from engine,
transmission and motorized devices
is recovered up to 90 percent

Copper

The copper from electrical systems
and cable harnesses is recovered to
more than 90 percent

Platinum/Rhodium

Platinum and rhodium are two of
the Earth most valuable noble
metals. Each catalytic contains 1,5

Plastics

to 2 g platinum and 0,3t0 0,59
rhodium. Recovery of these
valuabte metals begins with the
separation of the monoliths from
the metal housings.

Today’s cars contain 10 percent
plastics on the average. In
cooperation with the chemical
and plastics processing
industries, plastics recycling
processes have been involved.

Fig. 4. Recycling: nonferrous metals, iron and steel, plastics.
Kuva 4. Kierritys: ei-rautametallit, rauta ja terds, muovit.

All the fluids contained in the scrap car are
removed and returned to the mineral oil and

chemical industry for reconversion

Recon-
ditioning

scrap car

Fluids

%_mineraloil industry l chemical industry |

fuel
engine oil

Fig. 5. The draining process.
Kuva 5. Nesteiden poisto.
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gearbox oil

shock absorber oil
hydraulic fluid
brake fluid
coolant
refrigerant

Q0000 COU

Systematic disassembly of the vehicle makes possible:
O recycling and reconditioning of drive units

O separation of materials by types

O original recycling

Removal of Parts

Reworking of motorized
units,Recovery of parts,
Metal industry

Engine/ s v
Transmission a

Metal industry
Chemical and plastics

Noble metals industry
Parting works

Catalytic
Converter

Glass industry

Rubber industry

Fuel Tank
Bumpers
Coolant/Other Tanks

Chemicals and plastics
industry

Fig. 6. Scrap car disassembly and re-use.
Kuva 6. Romutettavien autojen purku ja uudelleenkiiytto.

CHOICE OF MATERIALS

The weight proportions of the materials used in the current Golf
are compared in Figure 7 to the two previous Golf generations.

With regard to the recyclability, the following consequences
and prognoses are arrived at:

Steel and other metals can already be recycled easily. In the
new construction, the selection of non-metallic materials also to
be made to make recycling to original quality possible.

Materials which can be easily recycled to a high quality, such
as polypropylene, will in future replace other plastics which are
not so recyclable. Other points of consideration in the selection
of plastics for new vehicles in the future are:

— Thermo-plastics are preferable to duro-plastics.

60"
%

R A (795kg)

50

: B A2 seskg)
40 B A o kg)
30+
20

10

ol

steel cast aluminium gla plast rubber operating other
iron parts fluids

Fig. 7. Materials in the VW Golf CL.

Kuva 7. Materiaalien painosuhteiden vertailu VW:n kahdessa

aikaisemmassa ja nykyisessd mallissa.



— Use of PP, PE. ABS/ASA, PA, PMMA, PPE, and PS prefer-
red.

— Exotic thermo-plastics (e.g. PC blends etc.) must be avoided.
(Quantities insufficient for economical processing).

— Long-fibre reinforced components only have to be used if
they give significant functional advantages, as recycling to
original quality is only possible to a degree of 20 % and
secondary applications are very limited.

Aluminium will gain significance as light-weight material
for construction due to the ease, efficiency and extreme economy
with which it can be recycled. The same also applies to other
expensive materials, such as titanium, which ease light-weight
construction and can later be recycled at low cost to the same
quality.

The above priciples were applied when selecting materials
for the new Golf III. In the recycling classification of the plastic
parts of the new Golf [l it is clear the majority of the compo-
nents can be reprocessed to a very high quality. A bumper can
be made into a new bumper; a tank into anew tank. This has been
achieved by adjusting the proportions of plastics in favour of
more easily recyclable types. Thus the proportion of polypro-
pylene in the total plastic content has been increased from some
20 % to almost 45 %.

SUMMARY AND PROSPECTS

In the future, recycling will only be practised if it can be proven
to be economical, and even then it is only sensible if waste is
really avoided and resources maintained. The latter is also the
reason for it being more sensible to build cars to the highest
possible technical level from old materials than to leave old
vehicles on the roads indefinitely (so-called “long-life ve-
hicles™). Such a car would certainly consume more fuel than
newer vehicles because, for example, its fuel injection system
would not be as technically refined. The same would apply to
emissions. Thus nothing would have been done to protect the
environment.

The ultimate objective (Figure 8) in materials recycling in the

YHTEENVETO

Part Utilization

Original Material
Utilization

Lower —grade
Material Utilization

Thermal
Utilization

Waste
Deposit

Priority 1 2 3

Fig. 8. Recycling procedure.
Kuva 8. Kierrétysprosessi.

Volkswagen Group is the re-use of materials from scrap ve-
hicles, whereby the aim is to obtain materials of the highest
possible quality. The materials should, when it is sensible to do
so, be re-used in the same components from which they were
obtained. If this is not possible, alternative applications must be
sought.

Another quick glance atrelevant legislation is needed here: in
a market economy, legislation provides the framework for
balancing the special (even egocentric) interests of the indivi-
dual and the interests of the community. In order to guide the
economy towards prosperity while simultaneously guaranteeing
ecological compatibility, suitable laws are needed which do not
hinder technical progress, buteven reward the use of technically
advanced vehicles, i.e. appropriate tax legislation. For the
automobile manufacturer, who operates all around the world, it
is particularly important to have clear and predictable regula-
tions.

We believe, that an environmentally compatible vehicle is
only possible through interacting development, production and
recycling/disposal in a process of simultaneous engineering
within the framework of appropriate legislation.

AUTOTEOLLISUUDEN TRENDIT KIERRATYSTEKNOLOGIASSA —
HAASTEITA JA MAHDOLLISUUKSIA PERUSMETALLITEOLLISUUDELLE

Kisitellédin autoteollisuudelle nykyisin asetettaviamm. ener-
giataloudellisiaja ympiristonsuojelullisia vaatimuksia sekd eten-
kin kdytostid poistuvien ajoneuvojen purkausta ja niiden mate-
riaalien kierriitystd. On optimoitava koko prosessiketju tuotteen
suunnittelusta ja valmistuksesta kayttoon ja kdytosta poistoon.
Kierrdtysmydtdinen tuotesuunnittelu ja materiaalien valinta ovat
yhtid tirkeitd kuin pieni polttoaineenkulutus ja ajoturvallisuus.
Romutettavien autojen materiaalien kierrityksestd on Saksassa
sdddetty maan ympdéristoministerion antamalla ohjeistolla v.
1992. Sen on katsottava muodostavan pohjan laajalle tulevalle
lainsdadidnnolle. Volkswagen AG on ensimmiisend autonval-

mistajana aloittanut pilot-projektin autojen purkauksesta ja ro-
mutuksesta tavoitteena kehittdd menetelmii kiinteiden materi-
aalien ja nesteiden uudelleenprosessointiin. Tdmé tutkimus
johti kolmannen polven Golf-autojen takaisinottotakuuseen.
Terds ja muut metallit ovat helposti kierritettdvid. Muovien
kierrdtettdvyyteen on VW:1ld pantu paljon huomiota: uusio-
muoviakédytetdin samoihin komponentteihin, joista se on saatu.
Autoteollisuuden piirisséd kaivataan kansainvilisesti mahdolli-
simman yhtendistd ja kehitysmyonteisti lainsdddidntopohjaa
kierrdtysvelvoitteille.
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Outokumpu’s Mining Strategy

DI Juhani Tanila, Managing Director of Outokumpu Mining Oy, Espoo, Finland

An abridgement and translation of the speech given at the 50th Anniversary Meeting of the Finnish Association of Mining and

Metallurgical Engineers in Helsinki on 19 March 1993

INTRODUCTION

Here. as when charting visions for the future in general, it is
worthwhile considering the recent past. As this occasion marks
the 50th anniversary of the Finnish Association of Mining and
Metallurgical Engineers. 50 years seems a suitable time frame.

HISTORY

The roots of Outokumpu Oy’s mining operations lie deep below
the present-day city of Outokumpu. The mining tradition there
is older even than that of the Finnish Association of Mining and
Metallurgical Engineers. It has enabled Outokumpu to build
diverse activities in Finland and abroad. The growth and increa-
sing versatility of the mining industry itself has been a part of
this development.

The path of development has been winding, but with hind-
sight it looks logical. as though it had been planned. Its main
target areas can be characterized, decade by decade, as follows:
1940s = war and war reparations

Production was maximized using all possible means. Howe-
ver, it was necessary to resort to old equipment and methods.
1950s = exploration and expansion

New mines were constructed and new mineral deposits were
discovered. Faith in the continuity of the industry was strengt-
hened.
1960s = technology breakthrough

Equipment and automation systems were devised and deve-
loped. Excelling in these fields gave us world class stature.
Selfconfidence in our own expertise was born.
1970s = productivity and profitability

The significance of continuous rationalization and optimiza-
tion of operations was evident in the mines’ balance sheets.
1980s = internationalization

Offered the opportunity to apply elsewhere what had been
learned in Finland. At the same time, it offered plenty for us to
learn.

Over these decades, Outokumpu’s mining tradition has thus
developed into technically and economically competitive ex-
pertise. In conjunction with countless projects in Finland, we
have developed exploration, mining technology and process
technology methods and equipment to their current high level.
While outside technology has not been shunned, most of the
development work has been homegrown. In addition to techno-
logy, economic thinking has also become a part of the working
routines at every level of the organization.

The generations of miners who have participated in this
evolution have themselves adopted the basic prerequisites of
competitiveness in modern mining. i.e. technical expertise and
profit-oriented management.

This human resource has been Outokumpu’s most important
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success factor, particularly in the company’s internationali-
zation, as the depletion of ore reserves in Finland forced it to
broaden the base of its mining operations.

The history I have related here includes an explanation of the
high-level competence which provides us with the faith to plan
future operations.

STRATEGIC STARTING POINTS

The strategic starting points for international mining operations
are decisively more favorable now than they were a decade ago.

[ have already touched on the most important prerequisite,
human resources. It is self-evident that the last decade in
particular has created the readiness for international operations.
In addition, traditional technical and financial competence has
increased continuously.

An entirely new starting point is at our disposal in the form of
our corporate structure and organization. By this I mean our
subsidiaries, which operate in nine countries, and the support
they offer us in these areas.

The third important starting point is found in Outokumpu’s
ore reserves abroad, which have grown extremely well as a
result of the efforts of recent years. This growth is based on both
mineral exploration and the acquisition of mineral deposits.
Proven nickel, copper and zinc reserves owned by Outokumpu
totalled 550 million tonnes as of December 31, 1992. As a point
of comparison, [ would like to remind you that the sum total of
all the ore ever excavated by Outokumpu in Finland is less than
200 million tonnes.

Thus far, international mining operations have aimed strictly
at securing the raw material requirements of Outokumpu’s
metallurgical plants. Now this goal has been reached. Freedom
from raw material dependency offers us new possibilities to
target operations geographically and with an emphasis on seve-
ral metals.

MINING AS A BUSINESS

Mining is a business just as is metals production. This is also the
case within the Qutokumpu Group. Indeed, the risks inherent in
mining are greater, but just as much positive as they are negati-
ve. However, from a business point of view mining has special
characteristics which are worth considering before starting to
make strategic conclusions.

Mining makes a significant contribution to the value-added in
metals. In zinc it is about half, in nickel some 70 percent and in
copper as much as 75—80 percent. The greater this share is, the
greater the impact of internal measures, in other words compe-
tence.

Nowadays the life of a mine is shorter, generally under 20



years. Throughout that time, operations are under constant
construction. This renewal of a mine means that the above-
mentioned possibility to make an impact is multiplied.

Thus, the high degree of value-added and rapid moderni-
zation of fixed capital offer plenty of scope for technical
expertise and the adding of value based on that, especially in
mining operations.

It is still worth noting that the majority of the world’s mines
are not in particularly skillful hands. Furthermore, the desire to
develop them is often lacking. While we are accustomed to
trimming the operations of a mine for its entire lifetime. this is
the exception elsewhere.

The concentrates produced by a mine are not always easy to
market. For the most difficuit concentrate even the best mining
expertise proves insufficient. Help can be found from marketing
specialists or especially from metallurgical expertise along the
refining chain. For a group active in versatile metallurgy, there
may be a ready solution available.

Arranging financing for mining projectsis afield of expertise
in its own right. Finance may also be supported by the Group’s
other operations. In addition to standard financing packages,
financing against concentrate purchases or equipment delive-
rics, for example, is very suitable for a versatile group which
encompasses these businesses.

Rapid changes in the world economy have taught mining
companies to take advantage of metal trading and foreign
currency exchange in marketing their production. Stakehol-
dings in mines and mining projects are also world commodities.
Various option systems and pre-emptive rights bring a casino
feeling to the mining business. but that too can be Jearned.

These examples depict the multifaceted competence required
in international mining and the opportunities it offers. The
business areas in question would feel very fitting for a group of
Outokumpu’s calibre, whose synergies are clear and for whom
versatility is a halimark.

I can confirm thatinterest in this business and our capabilities
have been recognized, and that international mining operations
will in any case remain an integral part of Outokumpu’s opera-
tions. Unfortunately. it is too early to elaborate further on the
long-term arrangements for our activities. Especially from the
financing point of view, the current tranquil and expectant
economic situation demands a little waiting.

However, I dare put forth some dinstinct strategic directions
for your consideration.

MINING’S STRATEGIC DIRECTIONS

Traditional technical know-how will be used as a general tool in
mining projects. In all important subordinate areas we will
strive to raise our expertise to a level of supremacy. In our own
mines, this tool is at our unlimited disposal. But in big projects
the scale of financing and risks may force us to be content with
partial ownership. Even in that case we will seek to ensure that
we have sufficient influence.

Mineral reserves will be increased further. There will be no
delay in exploiting these mineral reserves. Depending on our
own needs, stakeholdings in mines and mineral deposits will
also be sold. Basc metals still remain our main target, but the
glitter of precious metals will not be systematically ignored.

Geographically, our targets are already visible. Operations in
many of our present target countries are only just starting up, nor
is it wise to spread our resources too thin. Nonetheless, develop-
ments in other mineral-rich countries will also be monitored.

Despite its internationalization, Qutokumpu is always ready
to open new mines in Finland should the opportunity arise. The
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best guarantee of preserving this readiness lies in our own active
and renewable mining operations — wherever they might be
located.

For understandable reasons, operations will be steered by the
scarcity of capital in the next few years. This means smaller
investment targets, joint venture projetcts and the sale of less
important units or their parts in order to finance new invest-
ments.

In other words, we will have to add value through innovative
work rather than by investing large sums of money for a long
period of time. The focus of attention will more frequently be
exploration and project development instead of acquisition of
ore deposits or mines. We can even consider getting an opera-
ting mine into efficient shape, as a turnaround project.

As the commitment of capital will be minimized, the input of
human resources will be maximized. I believe that this emphasis
suits all involved and will prove a good guiding principle over
the Tong term for a Finnish mining company which is poor but
capable and eager to grow.

MINING SKILLS ARE IN DEMAND

Outokumpu’s mining operations are always Finnish mining
operations, even though the site may be far away. As I asserted
earlier, there is sufficient readiness and a clear penchant for
large-scale operations in Finland. But if there are no mineral
reserves to be found, then they must be found elsewhere in order
to secure the future of this industry.

Finnish mining engineer’s expertise has been needed and will
still be required in Outokumpu’s internationalizing mining
operations. This can best be illustrated by the fact that 70 percent
of this competence still has Finnish roots. even though only 35
percent of all those employed in mining are Finnish.

Both of the percentages I just quoted are changing swiftly.
Competent experts in this field can be found in every country.
This growing potential pool of expertise signifies a richness we
have to be able to harness regardless of language problems,
cultural differences and the bureaucracy of work permits. In
practice, it is only possible through traditional assignment
rotations, which now more than ever imply crossing national
boundaries.

Those currently studying in this field and those who will do
so in the future must thus be prepared to work in environments
where their colleagues are not Finns or even citizens of the
country in which they are stationed. Even so. we must ensure
that everyone understands Outokumpu’s expertise as to what
has been learned in Finland so far.

In this sense. the planned internationalization of the Helsinki
University of Technology’s mining engineering curriculum is
welcome. The University’s motive is to secure the continuation
of teaching with the help of a broader student body. Hopetully
this will also come to mean that Finnish technology and interna-
tional adaptation will be studied simultaneously. This would
better prepare future generations for Qutokumpu’s "internatio-
nal rotating school”.

Outokumpu has built its expertisc in mining technology
above all with the help of the Helsinki University of Technology’s
many-sided education and will continue to rely on it. The above-
mentioned applies just as well to other schools, even though our
contact with them is narrower.

CONCLUSION

I apologize that Outokumpu’s mining strategy in this changing
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situation is still partly in the draft stage. At this point in time it
may even be good that our level of amibition and concrete
targets are not dimensioned just now. I have, however, tried to

YHTEENVETO

OUTOKUMMUN KAIVOSTOIMINNAN STRATEGIA

Outokummun kaivotoiminnan perusta on luotu Suomessa vii-
meisten 50 vuoden aikana. Vaikka perinne on vanhempi, on
tdmd aika ollut merkityksellisin modernin teknologian kehitty-
miselle. Mukana olleet vuorimiespolvet ovat omaksuneet nyky-
aikaisen kaivostoiminnan kilpailukyvyn perusedellytykset, tek-
nillisen osaamisen ja tuloshakuisen johtamisen.

Malmivarojen ehtyminen Suomessa on pakottanut Outo-
kummun etsiméén laajempaa pohjaa kaivostoiminnalle. Edelld
mainittu henkinen resurssi on ollut tirkein menestystekijd kan-
sainvélistymisessikin.

Tidhdnastinen toiminta ulkomailla on kohdistunut tiukasti
Outokummun metallurgisten tehtaiden raaka-ainehuollon tur-
vaamiseen. Tamd tavoite on nyt saavutettu. Samalla on kasva-
tettu malmireservejd sekd tunnettujen malmivarojen etti lupaa-
vien tulevaisuuden 16ydosten muodossa.

Konsernin tarjoamat synergiaedut, kdytettdvissd olevat hen-
kiset resurssit, raaka-ainesidonnaisuudesta vapautuminen, lu-
paavat malmireservit, hankittu ulkomaankokemus ja monessa
maassa jo toimivat tytiryhtiét antavat nyt uuden mielenkiintoi-
sen lihtokohdan Outokummun kaivostoiminnan strategialle.

Kaivostoiminta on liiketoimintaa siind kuin metallien val-
mistuskin. Kaivostoiminnan riskit ovat suurempia, mutta yhti
hyvin positiivisia kuin negatiivisia. Kaivosten rakentamiseen
liittyvéd teknillinen haaste tarjoaa toistuvia mahdollisuuksia
osaamiseen perustuvalle lisdarvon tekemiselle. Viheksyttivii ei
mydskiin ole kaivosten tuotannosta tuleva kassavirta ja itse

describe the more fundamental elements of our strategy. At the
same time, I hope I have succeeded in adding some faith in the
new possibilities we face in our mining activities.

tuoteen strateginen arvo varsinkin suotuisissa konjunktuurivai-
heissa.

Ymmirrettdvistd syistd on toimintaa lihivuosina ohjattava
pidomaniukkuuden ehdoilla. Se merkitsee pienempii inves-
tointikohteita, joint venture -projekteja, strategisesti vihemmin
tirkeiden yksikoéiden myyntid uusien investointien rahoittami-
seksi jne. Samalla kun pddoman sitoutumista minimoidaan,
tullaan henkisten resurssien panosta kaivosprojekteissa maksi-
moimaan.

Kaivostoiminnan kehittdmisessd pédpaino sdilyy edelleen
perusmetalleissa. Maantieteellisesti tarkeissd kohdemaissa lie-
huu jo Outokummun lippu. Kehitystd muissa mineraalirikkais-
samaissa seurataan. Kansainvilistymisestiin huolimatta Outo-
kumpu on aina valmis kidynnistimain uusia kaivoksia myos
Suomessa tilaisuuden tullen. Taménkin valmiuden siilyttdmi-
sen paras tae on aktiivinen ja uudistuva kaivostoiminta — missd
tahansa.

Outokumpulainen kaivostoiminta on aina suomalaista kai-
vostoimintaa, vaikka kohde olisikin muualla. Tdmi kannattaa
alalla opiskelevien ja opiskelemaan tulevien pitdd mielessa.
Teknillisen korkeakoulun suunnittelema vuoritekniikan ope-
tuksen kansainvélistiminen on tervetullut siirto sekd opetuksen
soveltuvuuden ettd sen jatkuvuuden varmistamiseksi. Outo-
kumpu on rakentanut teknillisen osaamisensa TKK:n peruskou-
lutuksen varaan ja tulee luottamaan sithen vastakin.

VUORIMIESYHDISTYS —
BERGMANNAFORENINGEN r.y:n

VUOSIKOKOUS

pidetdan Helsingissé 25.—26.3.1994

Kokouksesta ilmoitetaan tarkemmin mydhemmin
postitettavassa kutsussa.

VUORIMIESYHDISTYS —
BERGMANNAFORENINGEN r.y:s

ARSMOTE

halls i Helsingfors den 25.—26.3.1994

Narmare uppgifter meddelas i inbjudan som postas
vid en senare tidpunkt.
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Milestones in Finnish Ore Dressing Technology

By Professor emeritus Toimi Lukkarinen

This article* primarily reviews the most important develop-
ments — the milestones — in the evolution of Finnish ore
dressing practice. The secondary purpose is to try to relate these
developments to the common knowledge and practice of the
time.

In most cases, the Finnish ore deposits available for proces-
sing have been small and low grade. The few big deposits
located have seldom proved rich but almost always risky;
furthermore there were no really comparable ores worked in
other countries to serve as models. Innovation has thus been a
necessity as much as a virtue.

EARLY CONCENTRATORS

Orijirvi

The complex sulphide Orijédrvi ore was discovered in 1757,
Exploitation started immediately and lasted, discontinuously,
until 1954, when stoping ceased. Two years later the mine was
allowed to flood.

At first the ore was concentrated by hand-picking which,
together with washing in launders, was the only method availab-
le at that time. In 1911, the newly establised Finnish American
Mining Company installed a concentrator (Fig. 1) and after that
only sphalerite was hand sorted, the galena and chalcopyrite
being concentrated by shaking tables. Soon after, in 1912,
Orijérvi tested the new flotation method, using wood-tar as a
reagent. Although the trial was not a success, it was — as one of
the first attempts at flotation in Europe — a messenger for this
new technology. (Ahead of Orijdrvi was the Russian Dzanzul
copper concentrator, owned by the Caucasus Copper Co."”"
which tried flotation in 1910 with similar results.) Some years
later flotation was tested again at Orijirvi but the method was

Fig. 1. Orijiirvi concentrator in 1956.
Kuva 1. Orijarven rikastamo 1956.
*) The copyright for this text is held by the Finnish Mining Association.

only finally adopted by the mine in 1932, Meanwhile, the
company which erected this first milestone had been declared
bankrupt in 1912.

Outokumpu

The old concentrator at the Qutokumpu Mine (Fig. 2) was
erected in 1928 and the flotation route adopted simultaneously.
Five years later, the last shaking tables — used for iron sulphides
— were finally taken out. As a collector, the mine used xanthate,
for which the primary patent had been granted in 1925®. The
flotation machines included both Minerals-Separation (Fig. 3)
and Maclntosh cells®®, Later on, Forrester cells were also
adopted and some of them were also used in the Keretti plant
until 1967 (Fig. 4).

Some difficulties were experienced with the flotation process
in the old concentrator, but that is hardly surprising given the
fact that the method was then based purely on practical know-
ledge. Indeed, operating problems were rather common in
flotation circuits everywhere. Identification of the theoretical
principles involved only started with the research results publis-
hed by the Australians Wark and Cox‘®. The studies by Gaudin®”
and Taggart et al® threw further light on the mysteries of
flotation.

Dr. Mikinen, the President of Outokumpu Oy, called in
consulting engineers from Noranda Mines and the Canadian
company dispatched Messrs McLachlan and Ames to Finland.
As a result of their visit, the selective flotation system was®
adopted with the ore floated in the order copper, zinc and
sulphur. Later on, during World War II, Outokumpu used
home-made xanthate “cooked” on the concentrator hill. Mr
McLachlan refreshed his memories of Outokumpu in 1959.

Fig. 2. Outokumpu concentrator in 1938.
Kuva 2. Qutokummun rikastamo 1938.



Fig. 3. Minerals Separation flotation machine.
Kuva 3. Minerals Separation vaahdotuskone.

TEACHING ORE DRESSING

Once the teaching of mining and metallurgy started at The
Helsinki University of Technology in the autumn of 1937, the
institution was faced with a continuing shortage of competent
teachers. The Outokumpu Oy Foundation promised to pay for
some engineers to make a study tour of America for three years.

Fig. 4. Forrester tlotation machine.
Kuva 4. Forrester vaahdotuskone.
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One of the engineers involved was Risto Hukki. As a result of
the World War his trip extended to six years, but the experience
and vision he gained were also expanded. During a professional
teaching career spanning 1945 to 1977, Hukki educated 32 age
classes of engineers in the secrecies of mineral processing. He
also passed on his ideas concerning modern technology to the
mining industry in Finland'” — during the war our country had
been in total technical isolation. without for instance the Ame-
rican mining magazines.

GRINDING

Outokumpu ore was found to be hard and abrasive. It contained
approximately 11 % chalcopyrite, 1,5 % sphalerite and 46 %
iron sulphides. Total silicates content was over 41 % and the
amount of quartz was about 38 %'

In the old concentrator only ball mills were used and ball
consumption averaged about 2.5 kg per orc ton. The educational
work of Professor Hukki. together with the articles of Tennessee
Copper Co. mill superintendent Jack Meyers"'""'* led to the
introduction of rod mills in our concentrators.

As carly as 1951, the mill superintendent of the Outokumpu
concentrator, Mr Heikkinen, decided to test ore pebbles as a
grinding medium for secondary grinding instead of balls. Pri-
mary testing was carried out on a small scale and the final
switchover was made at the Keretti plant in 19559, The rod
mills were then replaced by lump mills in 1963. The results of
this pioneer work were enjoyed in the company’s other mills
either totally or as a rod-pebble grinding system.

This milestone erected by Heikkinen, together with his assis-
tant Mr Lehtonen, is in no way diminished by the fact that
Bunting S. Crocker simultaneously introduced the same techno-
logy at the Lake Shore concentrator in Canada‘'™*.

CLASSIFIERS

In connection with the planning of Kotalahti’s nickel concen-
trator, a home-made hydrocyclone was tested as an alternative
to the rake classifier in a ball mill circuit at the Aijala concent-
rator in 1957—58. The cyclone was installed over the rake
classifier and, to avoid any possible harmful effects, both the
sand and overflow were passed to the rake classifier during the
initial tests. Later on, the rake classifier was replaced by the
cyclone. On the basis of the test results obtained, Mr Erkki
Koskela developed his formulae for the calculation of a wet
cyclone classifier!, Tt is a pity that Koskela’s method is rather
unknown to younger engineers.

When Kotalahti Mine started up in fall 1959, the home-made
hydrocyclones calculated by Koskela were the only classifiers
installed® even though the plant had been visited by numerous
sceptics during the installation work. Itis an established fact that
Dorrclones were already in use, for instance in US taconite
concentrators.

BMU

Protessor Hukki developed the so-called Base-Mill concept for
measuring as well as for comparing tumbling mills"”. He
presumed that the tumbling mill capacity is proportional to the
power>? of the mill diameter as well as to the mill length. Since
the Base-Mill itself is defined as a mill with diameter and length
both of one metre, the number of Base-Mill Units (BMUs) in a
given mill can be calculated from the formula:



BMU = D>’ x L, where

D = mill diameter, inside the lining, in metres, and

L = mill length, inside the lining, in metres.

This simple method for mill calculations has remained too little
known.

FLOTATION

Kotalahti

Kotalahti ore was found to contain approximately 2.5 % pent-
landite, | % chalcopyrite, 8 % pyrrhotite and various silicates.
From the metallurgical point of view it was necessary to sepa-
rate the chalcopyrite from pentlandite, creating two concentra-
tes. This proved difficult in early testwork. However, it was
observed that nickel recovery was alittle lower in those rougher
flotation tests where dextrin was used as a slime depressant than
in those where it was not. This gave risc to the idea of testing
dextrin in the copper-nickel separation.

The first such separation test was intended to be carried out
in a limealkaline pulp of pH about 12 and the conditioning time
with dextrin was to be 15 minutes. However, not long after the
test got underway the operator was called to the telephone and
forgot the flotation for an hour. Thus the beneficial effect of a
long conditioning period was discovered, for the results of this
test were excellent. In a few hours the Head Office of the
company also knew that copper-nickel separation was feasible.
These tirst results were confirmed by a test series but the main
problem was nevertheless solved by accident'®.

Inco adopted the same process at the new Thompson Lake
concentrator in 1960, as a result of a visit by Inco’s President
Roy S Gordon to Kotalahti in 1959. This separation technique
was different from the company’s conventional cyanide met-
hod“®. Thirty years later, writing in the fall of 1992, Professor
J Laskowski from the University of British Columbia again
found this dextrin method interesting.

Copper slag

Stag refining by flotation, as practiced at the Harjavalta Works,
isalso an interesting method from a wider point of view™", while
Inco uses flotation in the separation of nickel from copper
matte'*".

In addition to metallic copper, the slag contains the valuable
minerals (Fig. 5) chalcopyrite, CuFeS,: chalcocite. Cu,S; dige-
nite, Cu,S.. and bornite. Cu.S.CuSFeS. The prerequisife for the
refining process to be successful is a so slow cooling of the slag
that the sulphide minerals have time to grow large enough for
flotation. This is also the case with the Inco matte treatment. In
spite of the slow cooling, a fine grind is necessary to deliver at
least 98 % under 270 mesh (53 micron). Other prerequisites are
a large amount of collector and a rather long flotation time.
Whereas copper recovery achieved by electrorefining was about
77 %, flotation recovers 94-95 %. And, while the electric
process used about 90 kWh energy per slag ton, flotation needs
only about 60 kWh per ton.

In connection with slag flotation, we had the opportunity to
repay Noranda Mines whose metallurgists wanted an explana-
tion of the bad results they were experiencing with slag flota-
tion. Their information showed very clearly that they had made
exactly the same mistakes that we had made at first, so we kindly
recommended they follow our experience.

Hitura

We have succeeded in developing a suitable flotation process
for normal sulphide ores. There exists, however, one splendid
exception to this rule: Hitura’s nickel ore. In addition to pentlan-
dite and chalcopyrite the ore contains maccinawite, (Fe,Ni)S;
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Fig. 5. Slowly cooled flash furnace slag. The basic material
consists of gray coarse-grained fayalite (1) with light ferrite as
intergrowths (2) and often lined by tearsheaped concealed glass
material (3).Big, detormed, light-gray grains are solid solution
ot bornite-digenite (4) with copper wires in it. The glass con-
tains small sulphide mixture grains.

Kuva 5. Hitaasti jidhdytettyi liekkivunin kuonaa. Perusmateri-
aali siséltdd harmaata karkearakeista fayaliitia (1), jossa on
vaaleaa ferriittid sulkeumina (2) ja usein pisaramuotoista jdih-
tynytti lasia (3). Suuret deformoituneet vaaleanharmaat rakeet
ovat jihmedni liuoksena olevaa borniitti-digeniittid (4), jossa
on kuparilankoja. Lasi sisdltdd pienid sekasulfidirakeita.

violarite, (Ni,Fe) S ; and vallerite. CuFe,S,.2.Mg(OH),.4.H,0,
which is very difficult to float=*". The milestone of Hitura lies
deep in the surrounding esker sand.

Siilinjarvi

Successtul flotation is the key to exploiting the Siilinjdrvi
apatite deposit. This ore was discovered in 1950 but its real
exploration began 20 years later when Kemira Oy got the rights
to work the deposit. The ore contains approximately 10 %
apatite, 16 % calcite, 3 % dolomite, 65 % different micas and 6
% other silicates'”"". The similar cation in the lattice of apatite
and calcite causes difficulties in the separation of these minerals
by flotation, while the flotation characteristics of the anions of
the two minerals also show some similarities. Apatite flotation
at Siilinjérvi is successful only in very strictly and carefully
controlled conditions. The research work to determine these
conditions was painful and took a rather long time. Numerous
tests and test series were needed both in the laboratory and at the
pilot plant built in the mine area. There was also a small tailings
disposal area near the pilot plant. However, as a result of this
work, Siilinjirvi is now the biggest mine ever developed in our
country. At the time the plant was erected no other concentrator
beneficiating such low grade ore was known.

In this connection, the ore quality control method developed
by the geologist Mr Heikki Kauppinen®® should be mentioned.
Thanks to his method, the concentrator has rather good advance
knowledge of the quality and concentrating characteristics of
the incoming ore.

Lahnaslampi

The soapstone deposit in Lahnaslampi, Sotkamo, was the sub-
jectofalong period of exploration and research work carried out
by the exploration company Suomen Malmi Oy. The general
manager of the company at that time, Mr Heikki Raja-Halli, had
astrong belief in the future of the talc business. He persuaded the
paper industry to test and then to use talc as a paper filler. In May
1969 talc concentrate was produced and some years later on
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production of finely ground microtalc started*. This pionee-
ring work opened the way for talc utilisation in North Karelia
and increased talc use by the paper industry.

OTHER CONCENTRATION METHODS

After flotation, magnetic separation has been the most common-
ly used method in our country. Adaptations of methods based on
density differences between minerals form the third most popu-
lar technique.

Otanmaki

The Otanmiki ore contained about 35 % magnetite, 1 % pyrite
and 28 % ilmenite®®. The magnetite was concentrated by low
intensity magnetic separators but both pyrite and ilmenite were
floated. The design brief for the Otanmiki concentrator speci-
fied that the products must be very pure, near the theoretical
maximum. This was especially true for the ilmenite concentrate
in which the residual iron and sulphur must both be kept to a
minimum.

Kemi

Diver Matilainen’s discovery of chromite ore lumps in the fall
of 1959 triggered an immediate and broad-based research effort
on the geological and processing fronts. This activity led to the
development of a significant industrial chain.

Eight different orebodies form the Kemi deposit. Processing
behaviour of the mineral assemblages varies even within the one
orebody’**. The Cr,O,-content of the ore is about 26 % and the
Cr:Fe ratio is as low as 1.6, when the metallurgical demand is
3.0. Toeliminate this adverse factor the metallurgists developed
an upgrading method'>*.

True to Outokumpu Oy tradition, separation by flotation was
tested first in the process development. The results obtained
promised a moderately successful end result. However, all the
mineral values of this ore can be floated simultaneously with
one and the same collector. For environmental reasons we
wanted to test other methods as well. The results obtained with
Humphreys spirals, tables, etc were reasonable but the capaci-
ties of these machines were too low. Then the Reichert cone
solved this particular problem and has become the most impor-
tant concentration unit in the Kemi plant.

At first, however, the ore was beneficiated with dry high
intensity magnetic separators, these being replaced by large
capacity WHIMS units once they became available. Later on,
use of magnetic separators was reduced in favour of the Reichert
cones.

The middlings, that is the olivine grains within chromite
particles (Fig. 6) have continued adversely to affect all proces-
sing methods, while the presence ol fine magnetite dissemina-
ted almost everywhere in the ore remains a nuisance. Even so,
by using different methods simultaneously, the Kemi concent-
rator has produced nearly 25 years’ supply of raw material for
the Tornio Works. In addition, Kemi has produced foundry sand
for the steel industry®®. On the other hand, after a promising
start, the marketing of sauna-stones was abruptly halted by the
company’s Head Office.

CONTROL

In the 1960s, systematic development work started on the
instrumentation and automation of the process industries, mine-
ral concentration included. At the Otanmiiki concentrator a
rather simple X-ray analyzer was developed, though insuffi-
cient financing evidently prevented completion of the project.
Outokumpu Oy’s Courier X-ray analyzer was, after some pre-
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Fig. 6. Olivine inside chromite.
Kuva 6. Oliviinisulkeumia kromiitissa.

liminary difficulties, made available for industrial use towards
the end of the 1960s*". The variations of this unit developed
later are very suitable for small concentrators as well. Exact
sampling and automatic analysis have also made possible the
development of control systems such as Proscon, etc.

Control of the concentration process is now on a level that no
ore dressing engineer could have even dreamed of 50 years ago
as he stood beside a flotation cell with a pack of pH-papers in his
back pocket.

MACHINERY

The machines used in concentrators 50 years ago were small
compared with those of today. Everywhere, including in our
country, both design and manufacturing technology have ad-
vanced powerfully. There are numerous examples of successful
development work on machines such as crushers and screens,
mills and classifiers, pumps and dewatering devices, and many
others.

Within Outokumpu Oy, a committee was established 23
years ago with responsibility for developing a new flotation
machine. The result is the OK Flotation Machine (Fig. 7). Its
rotor-stator assembly is an innovation by Dr Kai Fallenius'?.
The series of these machines now ranges from 0.5 to 100 m in
size (Fig. 8) —in 1958 the biggest mechanical flotation cell had
a volume of three m*.

Fig. 7. The impeller of OK flotation machine, the product of
Outokumpu Oy.
Kuva 7. OK-vaahdotuskoneen roottori. Outokumpu Oy:n tuote.



Fig. 8. OK 100, the flotation machine of 100 cu m, the product
of Outokumpu Oy.

Kuva 8. OK 100, 100 m*:n vaahdotuskone. Qutokumpu Oy:n
tuote.

SUMMARY

The facts presented above can be recorded as examples of the
important developments which the Finnish mineral processing
industry has introduced. Of course, many equally considerable
achievements have been omitted from this discussion, forinstance
in the field of concentrator design and construction, as well as
in the research department. But it would have been quite
possible to prepare a full paper on each of the topics that were
mentioned.
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YHTEENVETO

SUOMEN RIKASTUSTEKNIIKAN VIRSTANPYLVAAT

Suomalaisen rikastustekniikan muutamia tirkeiti kohtia on
Iyhyesti kisitelty ja yritetty verrata niitd kunkin ajan yleiseen
alan tietimykseen.

Ensimméinen mainittava asia oli Orijdrven rikastamossa
1912 toteutettu, tosin epionnistunut vaahdotuskokeilu. Outo-
kummun vanhassa rikastamossa vaahdotus otettiin kiyttoon
1928. Teknillisessd korkeakoulussa 1937 aloitettu yhtenidinen
kaivosinsinodrien ja metallurgien koulutus oli maamme vuori-
teollisuudelle ensiarvoisen tirked.

Outokummun malmin autogeenijauhatuksen kokeilut ja to-
teutus ovat vaikuttaneet lihes kaikkiin maamme rikastamoihin
ja alentaneet niiden jauhatuskustannuksia. Kotalahden rikasta-
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noina luokittimina. Tapa levisi nopeasti kaikkiin uusiin rikasta-
moihin. Vaahdotuksen alalla toteutettiin uusia oivalluksia mm.
Kotalahdessa, Siilinjirvelld ja Harjavallan kuonarikastamossa.
Lahnaslammen talkin rikastuksen onnistuminen on vaikuttanut
maamme paperiteollisuuden tiyteainevalintoihin ja uusien talk-
kiesiintymien hyddyntimiseen.

Jatkuvatoimiset automaattiset analysaattorit ja prosessien
sditojarjestelmit seké uusiin ideoihin perustuvat suuret vaah-
dotuskoneet on mainittu esimerkkeini laitteiden ja koneiden
kehityksestd.

On valitettavaa, ettd monta arvokasta ja kiinnostavaa kohdet-
ta on ollut pakko jéttia tarkastelun ulkopuolelle.
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OLAVIANTERO AURANEN
3.9.1937 —8.1.1993

Filosofian kandidaatti. toimialapiillikké Olavi Antero Auranen kuoli
8.1.1993.

Olavi Auranen syntyi Kiskossa 3.9.1937 ja wuli ylioppilaaksi Salon
vhteiskoulusta 1957. Hén opiskeli geologiaa ja mineralogiaa Turun yli-
opistossa ja valmistui filosofian kandidaatiksi 1970. Sotilasarvoltaan
hén oli luutnantti,

Malminetsintdgeologin uransa Olavi Auranen aloitti jo opiskeluaika-
naan silloisen Geologisen tutkimuslaitoksen palveluksessa toimien kesii-
ajat hatjoittelijana. Nothin aikoihin sisidltyy my6s vuoden mittainen ma-
tematiikan ja luonnonhistorian opettajatoiminta Pudasjirvelld. Valmis-
tumisensa jitkeen hin tuli Geologian tutkimuskeskuksen malmiosaston
geologiksi vuonna 1970 ja muutti seuraavana vuonna ensimmiisten jou-
kossa Rovaniemelle Geologian tutkimuskeskuksen Pohjois-Suomen
aluetoimistoon. Vuodesta 1979 ldhtien hidn toimi tutkimuskeskuksen
Pohjois-Suomen malmitutkimusryhmin vastuullisessa pdillikon tehtii-
rdassd ja myohemmin vastasi koko raaka-ainesektorin toiminnasta toimi-
alapaillikktnd sekid toimi aluejohtajan sijaisena. Olavi Aurasen lukuisis-
ta luottamustoimista mainittakoon jisenyydet Geologiliiton hallitukses-
sa ja Vuorimiesyhdistyksen geologijaoston johtokunnassa. Suomen Geo-
logisen Seuran jdseneksi hdn tuli vaonna 1966.

Olavi Aurasen malminetsintityd kohdistui Pohjois-Suomeen. Hiin
tyoskenteli Inarissa Ylitorniolla, Narinkidvaarassa, Koitelaisessa, Rii-
konkoskella, Kilpisjarvelld ja monissa muissa kohteissa. Johtajana hiin
vastasi Pohjois-Suomen alueen malminetsinn6oisti hyvilli tuloksella.
Hinen aikaansa on sisiltynyt useiden kultamalmiesiintymicn menestyk-
sellinen 16ytiminen ja selvittiminen ja aivan viimeaikojen mittavia nii-
koaloja antavat uudet esiintymiloydot. Nditd voidaan pitidd selkeini
osoituksena Olavi Aurasen johtamistaidoista. Asiallisen ja rauhallisen
johtajan takana oli my0s eloisa, mielenlaadultaan avara tyStoveri.

Olavi Auranen tunnettiin tasapainoisena ja sosiaalisesti ajattelevana
henkilond tyoyhteisossd. Perustuonteentaan vaatimattomana hin ei tuo-
nut esifle avujaan, mutta hidn tunsi varmasti parhaiten Lapin malminct-
sinndn moninaiset ongelmat ja oli my6s oikea mies niitd ratkomaan.
Hiinen kuolemansa juuri nyt, malminetsinnin menestyksen hetkillid, on
valitettava menetys tdlld tirkedlld geologisen tutkimuksen saralla.

Vuorimiesyhdistys r.y.:n geologijaoston jasen Olavi Antero Auranen oli
vuodesta 1973 ldhtien.
Toimitus
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AATTO JOHANNES LAITAKARI
23.3.1923 —2.4.1993

Aatto Johannes Laitakari syntyi Ahtirissd 23.3.1923, tuli ylioppilaaksi
Jyviskylidssd 1942 ja valmistut filosofian kandidaatiksi Helsingissd
1954, Hiin oli jatkosodan veteraani. yliluutnantti, aiemmin pioneerijouk-
kueen johtaja, "Poika™. Aaton kuten ikitovereittensakin nuoruus hivisi
sodan melskeisiin. "Kaveria ei jdtetd” -periaate siilyi hdnen rauhanajan
toimissaankin osoittacn sitd inhimillistd ldimpo4 ja iloa mitd hédnessd
runsaasti oli,

Rintamajoukoista kotiutuminen toi eteen opiskelun ja ylioppilasyhtei-
kuten HY Y:n edustajistos-
sa Domus Academican ja Kaivokadun kiinteiston rakennusvaiheissa
(1948—51). SYL:n hallituksessa (pj. 1955). Tiedekuntien keskusjirjes-
tossi (pj. 1953). Keskisuomalaisessa osakunnassa (isdntd 1945—46. ku-
raattori 1954-57) ja Vasarassa (pj. 1952). Kaiken tdmiin hén teki itsedén
siddstdmittd ja valmistuikin geologiksi ns. kupparikurssilta vuonna 1954.
Valmistumisen jilkeisestd jdrjestotoiminnasta mainittakoon Keski-Suo-
men Seniorit (pj. 1958-—82). VMY:n geologijaosto (pj. 1962) ja Geolo-
giliitto (pj. 1964—69). Myos veteraanityd oli hinelle ldheistd. Sodan ja
rauhanajan ansioistaan Aatto on palkittu lukuisilla kunnia- ja ansiomer-
keilli.

Geologisen tutkimuslaitoksen palveluksessa Aatto aloitti jo vuonna
1949 harjoittelijana ja cdelleen tutkimusassistenttina. Malmigeologin
ura alkoi vuonna 1956 ja jakaantui kolmeen vaiheeseen: Malminetsintd
ja kansanndytetoiminta keskisessd Suomessa, valistus- ja kansanniyte-
toiminta koko maassa ja ennen elikkeelle siirtymistdidn Ni-kriittisyyden
kartoitus Mikkelin lidnin alueella. Hinen malminetsintdperiodinsa mer-
kittdavimmiit 10ydokset olivat Savidn ja Kangasjdrven Zn-Cu -esiintymat,
joista vilmeksimainittu on hyddynnetty Pyhdsalmen kaivoksella. Valis-
tustoiminnan suorina tuloksina mainittakoon Pyhisalmen ja Lieksan
malmiestintymit ja lukuisat ovat ne lohkareet, malmi-indikaatiot, joita
kansanniytetoimistot ovat vastaanottaneet ja jotka vield ratkaisuaan
odottavat. Valistustoimintaan liittyl opetus- ja tiedotustoimintaa yhteis-
kunnan eri tasoilla, idecointia ja taustatyotd. Tahdn sektoriin voidaan
lukea ne monet epimetallisten malmien kuten rakennus- ja korukivialan
yritykset, joita hinen avustuksellaan on polkaistu kdyntiin. Vield elidk-
keelld ollessaankin, vuoden 1986 jilkeen, hin toimi alan taustavaikutta-
jana.

Alaisilleen Aatto J. Laitakari oli "Pomo”. Pomo, joka nautti alaistensa
luottamusta ja alaisct hdnen. Kiireinen tyorytmi kuljetti hinta ympéri
maata, pysihdykset tyopisteissi jdivit pakostakin lyhytaikaisiksi. Po-
mon tulo tukikohtaan oli aina juhlahetki. Sitloin kéytiin ldvitse tapahtu-
neet ja suunniteltiin uudet tyotehtidvit. Joskus tietenkin voitiin lyodd
korttia ja kirkkaana kaikui Pomon nauru, kun sai pennin tikin kotiin.
Epiviratlisiin asioihin kuului myds alaisten, jopa kyldlaistenkin henkilo-
kohtaiset "murheet”™. Aatto hoiti runsaasti epaoikeudenmukaisesti koh-
deltujen ja viarinymmiirrettyjen asioita, jopa kihlakunnanoikeudessa ja
raastuvassa. Usein kun muut olivat jo uneen vaipumassa kuului Pomon
huoneesta vieli kirjoituskoneen tasainen naputus.

Viime maaliskuun 23, piivind Aatto J. Laitakari tdytti 70 vuotta. Vain
viikko ehti tdstd kulua. kun hédn illalla nukkumaan mennessddn tarttui
Riitta-vainmon kiteen sanoen “rakas™ ja sitten ummistaen silminsd ikui-
seen uneen. Aaton maallinen vaellus péittyi Hietaniemen hautausmaan
Veteraanilehtoon.

J.T..M.H.. LKK

Vuorimiesyhdistys r.y.:n geologijaoston jdsen Aatto Johannes Laitakari
oli vuodesta 1955 lahtien.
Toimitus



ERNST BORIS ALANDER
16.6.1903 — 8.4.1993

Ernst Boris Alander gick ur tiden den 8 april 1993. Han foddes i Will-
manstrand den 16 juni 1903 och blev student fran Viborgs svenska
lyceum 1920. Han avlade diplomingenjorsexamen vid Tekniska hogsko-
lan i Finland, Maskiningenjorsavdelningen, Studieriktningen for maskin-
byggnad. redan ar 1925.

Ernstingick dktenskap med Eva Hildegard Henriksson och tillsammans
fick de tre barn Brita. Ernst Olof och Klas.

Vid Kymmene Ab. Kuusankoski fick Ernst sin forsta anstédllning som
verkstadsingenjoroch assistent vid verkstaden och dng-avdelningen 1925—
1928. Under aren 1930—1935 funktionerade han som rationaliseringsin-
genjor, aren 19351941 som chef {6r verkstaden, fabriksbyggnadsavdel-
ningen och ritkontoret, allt hos samma foretag. Sedan flyttade Ernst till
Karkkila dédr han verkade som éveringenjor vid Hogfors Bruk aren 1941—
1966 samt sdsom disponent for foretaget aren 1966—1968, varefter han

Ernst Alander hade cn lang rad av olika fortroendeuppdrag av vilka vi
hiir skall ndmna foljande: Verkstadsingenjorsforeningen i Finland, styrel-
semediem 1935—1961, Finlands Gjuteritekniska Forening, styrelseordf-
rande 1948—1952, Bergsmannafreningen. styrelsemedlem 1950—1952.

Bland de medlemskap som Ernst dessutom innehade i olika foreningar
kan ndmnas: Tekniska Foreningen Finland (1927), Lampd- ja Vesijohto-
teknillinen yhdistys. Sveriges Gjuteritekniska Forening. VVS-tekniska
foreningen. American Foundrymen's Society.

Ernst Boris Alander var medlem 1 Vuorimiesyhdistys — Bergsmanna-
foreningen r.y.:s metallurgisektion friin och med ar 1945.

Studieresor foretog Ernst till de flesta europeiska ldnder och USA.
Walter Ahlstrém stiftelsens stipendium crholl Ernst 1928—1929. Han
utndmndcs dven till hedersfedamot i Gjuteritckniska féreningen.

Emst deltog i bade vinter- och fortsittningskriget som ingenjorskapten.
Han tilldelades fortjdnstecken och civila ordnar for sina insatser: Kom-
mendor av Finlands Lejons Orden, Riddare av Finlands Vita Ros Orden,
Frihetskorset 4, Minnesmedaljerna 16r deltagande 1 1939—1940 ars krig.
och 1941-—1945, Fortjinstmedalj (6r deltagande i befolkningsskyddsar-
betet, Frihetsmedalj 2 for medborgerliga fortjanster.

Av Ernsts sdrintressen kan vi minnas jakt och fiske men i synnerhet hans
stora hobby, biodling.

Ernst Boris Alander varen lingvist av matt. han behirskade forutom sitt
svenska modersmal dven finska. tyska. engelska och ryska.

Vi alla foreningsmedlemmar gor honnor for den gode Ernst.
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PAUNU JUHANI OIVANEN
22.1.1930 — 10.5.1993

Filosofian kandidaatti, geologi Paunu Juhani Oivanen kuoli 10.5.1993.
Paunu Oivanen syntyi Helsingissid 22.1.1930 ja tuli ylioppilaaksi Kallion
yhteiskoulusta 1950. Hin opiskeli Helsingin yliopistossa maantiedettii
sekil geologiaa ja mineralogiaa valmistuen filosofian kandidaatiksi 1956.
Pitkin malminetsintiuransa Paunu Oivanen aloitti jo koululaisena mal-
mindytteiden lahettdjdni ja kesiapulaisena silloisessa Geologisessa tut-
kimuslaitoksessa. Hinen malmi-innostuksensa ei varmaankaan vdhenty-
nyt opintomatkasta Sulitjelman kaivoksille 1948 ja Luontoliiton kultai-
sesta harrastusmerkisti 1949, miki myonnettiin hinelle "Helsingin seu-
dun malmikaivokset™ -kultamerkkityostid. Valmistumisensa jilkeen Oi-
vanen toimi malmiosaston tutkimusassistenttina ja apulaisgeologina sekii
vuodesta 1962 geologina malmiosastossa ja Eteld-Suomen aluctoimis-
tossa. Vuodesta 1984 Oivanen toimi malmiosaston Eteld-Suomen tutki-
musryhmin sekd aluetoimiston malmitutkimusryhmin vastuullisena
paillikkona ja vastasi aluetoimiston kansanniytetutkimuksista elikkeel-
le siirtymiseensi tammikuuhun 1993 saakka.

Paunu Oivasen malminctsintiityd keskittyi aluksi Pohjois-Savon mal-
mitutkimuksiin ja myshemmin Pohjanmaalle tina- ja antimonitutkimuk-
siin. Pididkaupunkiseudun geologia ja malmiaiheet olivat hdnen erityisen
mielenkiintonsa kohteena samoin kuin vulkanologia. Oivasen erinomai-
nen makroskooppinen mineraalituntemus muistetaan hyvin. Hénen lu-
kuisilla ulkomaanmatkoitlaan geologiset kohteet olivat usein tirkeilli
sijalla.

Paunu Oivasen luottamustehtiivistd mainittakoon Helsingin yliopiston
ylioppilaskunnan edustajiston jasenyys 1954—1955 ja Geologisen tutki-
muslaitoksen henkilostoncuvoston puheenjohtajuus 1978—1979. Tutki-
muskeskuksen suojelujohtajana hiin teki mittavan tyén voosina 1984—
1992.

Paunu Oivasen luontoharrastus ci rajoittunut geologiaan. Lihiystiviit
saivat nauttia hinen kasvi- ja clidintuntemuksestaan sckid matkoilta tuo-
mistaan kasviharvinaisuuksista. Ralliautoilu oli hdnen nuoruuden harras-
tuksiaan.

Paunu Oivanen tunnettiin tydyhteisossit huumorintajuisena ja huoleh-
tivana isihahmona. Perusluonteeltaan vaatimattomana hén ei tuonut esil-
le avujaan, mutta hidnen pitkiin kokemukseensa ja asiantuntemukseensa
saattoi aina turvautua.

Esko Riisédnen

Suomen Geologisen Seuran jasencksi Oivanen tuli 1950 ja Vuorimiesyh-
distys r.y.:n geologijaoston scki Geologiliiton jiseniksi 1958.

Toimitus
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HERMAN EMIL STIGZELIUS
14.8.1917 — 10.5.1993

Geologian tutkimuskeskuksen entinen ylijohtaja, professori, tekniikan
tohtori, kunniakullankaivaja, teollisuusneuvos Herman Emil Stigzelius
kuoli pitkillisen sairauden murtamana 10.5.1993. Hin oli syntynyt Hel-
singissid 14.8.1917.

Herman Stigzelius syntyi monilapsisen perheen kuopuksena itseniis-
tyviidn Suomeen. Isd-insin66ri hivisi Venijin vallankumouksen pyortei-
siin. Tistidko johtunee. ettd kuopuksesta kasvoi itsendinen, usein jyrkis-
tikin asioihin kantaaottava persoonallisuus. Hersyvii huumori ja laaja
lukeneisuus onneksi pehmensivit itsendisyydesta ja itsepdisyydestd vii-
kisinkin johtuvia yhteenottoja.

Hin valmistui diplomi-insinooriksi 22- ja tekniikan tohtoriksi 27-
vuotiaana. ja nimitettiin teollisuusneuvokseksi 29-vuotiaana nuorimpana
Suomessa; tdmd kertoo nuoren miehen tahdonvoimasta. Hin aloitti am-
mattiuransa Oy Vuoksenniska Ab:n Haverin kaivoksella 1940-45, jossa
tuotettiin sotavuosina kipeisti tarvitsemiamme kuparia ja kultaa. Kaup-
pa- ja teollisuusministerion paillikkond 1946—70 Herman Stigzelius
vaikutti paitsi malmietsinndn ja kaivoslainsdddinndn myos kaivostoi-
minnan ripeddn kehittymiseen maassamme. Hinen tarkastusvierailunsa
louhoksille ja kaivoksiin aiheuttivat pienti virindd niskanahassa. Koko-
naan toisenlainen oli tunnelma silloin, kun hin saapui kaivokselle har-
joittelijaporukan kanssa. Hin opetti nimittiin sivutoimenaan kaivosmit-
tausta Teknillisessd korkeakoulussa.

Herman Stigzelius toimi useaan otteeseen Yhdistyneiden Kansakun-
tien malminetsinté- ja kaivosalan asiantuntijatehtavissd. Vuosina 1961—
62 ja 1963—64 Boliviassa, vuodet 1967-—70 New Yorkista kisin useis-
sa kehitysmaissa ympiri maailman. Sieltd hidn saapui Geologisen tutki-
muslaitoksen ylijohtajaksi 1.4.1970. Hiinen aikanaan GTK kasvoi noin
400 henkilon laitoksesta yli 800 henkilon keskusvirastoksi.

Ensimmiiset eldkevuotensa 1980—83 hiin vietti YK:n palveluksess
Bandungissa, Indonesiassa, Aasian maiden kaivosteollisuutta edistir
sd. Hin viirvisi useita nuorempia suomalaisia ammattimiehid samanta-
paisiin tehtdviin luoden niin perustaa kansainvilistymisellemme. Hénen
aikanaan geologinen yhteistyd niin idiin- kuin lannenpuoleisten naapu-
reidenkin kanssa sai vakiintuneet muodot, mm. Nordkalott-projekti aloi-
tettun,
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Herman Stigzeliuksen monipuolisuus ja virikkyys kuvastuvat hinen
harrastuksissaan: maalauksessa, ndyttelemisessd ja kirjoittamisessa. Mm.
Bandungissa hiin toimi kansainviilisen asiantuntijakaartin niytelmiker-
hossa. Osa hiinen virkamiehend tarvitsemaansa neuvottelutaitoa, mm.
Neuvostoliitto-yhteistydssid, varmaankin pohjautui osaltaan niyttelijin-
kykyihin.

Parhaiten "Hermanni” kuitenkin tunnetaan Lapin kullan ystévini. Jo
Haverissa ja sittemmin Lemmenjocn tarkastusmatkoilla hdn rakastui kul-
taan. Tdmén aistii eldavasti lukiessaan hinen bestselleriksi muodostunut-
ta kirjaansa Kultakuume. Lapin kuilan historia. Sitd kirjoittaessaan hiin
varmaan nautiskeli, kun hinen luonteensa kaksi jyrkésti erilaista puolta
— eksakti. pikkutarkka historioitsija ja virkamies sekd hulvaton bohee-
mi, nautiskelija ja seikkailija — taistelivat keskenddn. Huumori ja haus-
kanpito ottivat aina voiton.

Tankavaaran kultakisat hinellid oli tapana avata Kultamuseossa siily-
tettiivd hattureuhkansa péadssiadn ja kaikkia osaamiaan kiclida kiyttden:
hin oli seuramies ylitse muiden.

Herman Stigzeliuksen asiantuntemusta hyddynnettiin hyvin monissa
clinkeinoeldmin luottamus- ja neuvottelutehtivissd, mm. Otamiki Oy:n,
Suomen Malmi Oy:n ja Suo Oy:n johtokunnissa, Vuorimiesyhdistykses-
sd ja Geologisessa seurassa. Hin oli Vuoriteollisuus — Bergshanterin-
gen -lehden pddtoimittaja vuodet 1948—67. VMY palkitsi hiinet Eero
Miikinen -mitalilla ja GS kunniajdsenyydellid. Hidnestd tehtiin myos La-
pin Kullankaivajain Liiton kunniakullankaivaja ja Outokummun kunnia-
kaivosmies ja hdnelle myodnnettiin SVR:n komentajamerkki.

Herman Stigzelius 18ysi kesdmokkinsid kupeesta Romsarbystid 1500—
1600-luvuilta perdisin olevia malminetsinnin ja kaivostoiminnan merk-
kejia. Niiden keskelld hin eli ja samoissa maisemissa hidn sai paittdd
rikkaan eldménsd.

Kalevi Kauranne

Vuorimiesyhdistys r.y.:n geologijaoston sekid kaivosjaoston jidsen Her-
man Emil Stigzelius oli vuodesta 1943 lihtien.
Toimitus
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VEIKKO OLAVI VAHATALO
4.8.1909—4.6.1993

Outokumpu Oy:n Malminetsintdosaston perustaja. filosofian tohtori
Veikko Olavi Vihitalo kuoli Helsingissd 4.6.1993. Hiin oli syntynyt 4.8.
1909 Hollolassa, Salpausselin cteldrinteelld maanviljelijan perheeseen.
Keviidlli 1918 8-vuotias poika niiki eldmén kovuuden Hennalan kasar-
min vaiheilla litkkuessaan. Mydhemmin Salpausselin hithdot olivat kou-
lupojan mielenkiinnon kohteena. eikd Lahdessa ollut mies cikid mikiidn.
joka ei hyppyrimdesti laskenut.

Tuleva tohtori piiiisi ylioppilaaksi Lahden Yhteiskoulusta 1930 ja
valmistui filosofian kandidaatiksi Helsingin yliopistosta 1939 pidaineena
orgaaninen kemia. Geologia oli alkanut kiinnostaa Salpausseldn kasvattia
opiskeluaikana. ja hin oli jo kesillda 1935 Pohjois-Karjalassa “suurta
malminuottaa™ vetidmissia scki sen jialkeen kesdisin Outokumpu Oy:n
kenttdtoissd.

Valmistumiscnsa jilkeen Vihitalo toimi Geologisen toimikunnan vt.
vuori-insingérini. Talvisodan paityttyd hin siirtyi Outokumpu Oy:n pal-
velukseen johtamaan keskeytyneitd Y16jdrven kuparimalmin tutkimuksia.
Kun kaivos pidtettiin perustaa, Vihétalo hoiti parin vuoden ajan isdnnoit-
sijdn tehtivid muiden toiden ohella. 1943 tuli siirto Outokummun kaivok-
sen kaivosgeologiksi. Tamiin yli kahdeksan vuotta kestineen kauden
aikana alettiin suunnitella uutta louhintamenetelméi ja tuotannon siirtii-
mistd malmin linsiosaan.

Kun Outokumpu Oy perusti 1951 Malminetsintdosaston, Viihitalo
nimitettiin sen johtajaksi. Kahta vuotta myéhemmin hiin suoritti filosofian
lisensiaatin tutkinnon ja viitteli tohtoriksi Outokummun malmin geologi-
aa kisittelevilld viiitoskirjallaan. Tohtori jatkoil entisessd tehti 1 jat
kehitti osastostaan 15 vuoden kuluessa maamme suurimman malminetsin-
nén organisaation, Kiyttéon otettiin uusia geofysikaalisia ja geokemialli-
sia menetelmid ja hankittiin niiden vaatimia laitteita. Tulokset olivat sen
mukaisia. Lukuisia uusia kaivoksia avattiin tohtori Vihdtalon johtaman
osaston tutkimusten tuloksina. Hanen tyonsd vaikutti kauan my6s oman
organisaation ulkopuolella. Tohtori Vihitalo siirrettiin yhtion apulais-
paidgeologikst 1966. jolloin nikoalat avartuivat. Elidkkeelle hiin jii 1974,
Joko Vihitalolla oli onni mukana tai sitten hinelld oli Kiven mukainen
“silmid joka katsoo lipitse kallion™.

Salpausselin harjanteilla nikee kauas eteldisen Suomen yli, ja Veikko
Vihitalosta oli kehittynyt avarakatseinen, pddasiat ja mitdttomyydet erot-
tava mies. Malmien ja niiden komponenttien tutkiminen on tarkkuutta ja
kirsivillisyyttd vaativaa tyOutid. jossa pettymyksiltdkddn ei voi vilttyi.
Tohtori Vihiitalo oli valettu tihdn muottiin. Ihmisend hdn oli vakaa,
kuivan ja nasevan huumorin kilyttdji. " Siirrettiin jadhypenkille” oli totea-
mus nimityksestid apulaispiigeologiksi

Kun Vuorimiesyhdistys ry tiytti tdnd vuonna 50 vuotta tohtori Vihiita-
lo sanoi osallistunecnsa kaikkiin vuosijuhliin yhdistyksen perustamisesta
1943 alkaen. Muita hénelle liheisid yhdistyksid olivat mm. Suomen
Geologinen Seura. Suomen Mineraloginen Seura ja Rotaryt. Helsingin
yliopiston geologian ylioppilaiden yhdistystd Vasaraa hin oli ollut perus-
tamassa ja oli sen ensimmiinen puheenjohtaja.

Veikko Vihidtalon harrastuksiin kuului urheilukalastus. jossa hinelld
oli taitajan maine. Toinen harrastus, nikkarointi, tuotti kauniita tuloksia.
Moottori- ja purjeveneen teko el kuulu joka pojan késitdihin, mutta tohtori
teki nekin. Outokummun kauden harrastuksia oli myos kuorolaulu.

1987 tohtori Viithitalolle myonnettiin Otto Triistedt -mitali. jonka
Outokumpu Oy perusti 1985 Outokummun malmin 16ydon 75-vuotismuis-

PERTTI HEIKKILA
28.4.1950—6.8.1993

Kalliotekniikan vs. professori, tekn.tri Pertti Heikkild poistui odottamat-
ta keskuudestamme syyskesidlld 1993. Pertti oli syntynyt Virolahdella
28.4.1950 ja suorittanut ylioppilastutkinnon Virolahden yhteislyseossa
vuonna 1969.

Pertin hyvin alkaneet opinnot Teknillisen korkeakoulun Vuoriteolli-
suusosaston kaivostekniikan opintosuunnalla keskeytyivit diplomityo-
vaiheessa kesdlld 1974 vakavaan moottoripytrionnettomuuteen. Sisul-
laan Pertti kuitenkin kuntoutti itsensd. hoiti diplomityonsa eri kovame-
tallityyppien kiyttdytymisestd porauksessa loppuun. ja valmistui diplo-
mi-insin6oriksi vuonna 1977.

Toimittuaan louhintatekniikan laboratoriossa tutkijana ja assistenttina
Pertti siirtyi vuonna 1980 Tampereetle Oy Tampella Ab Tamrockin
tutkimusinsingoriksi. Kahta vuotta myohemmin hiinet nimitettiin tutki-
muspiillikoksi.

Perheenlisdys toi Pertin takaisin péddkaupunkiseudulle vuonna 1987.
Tyopaikka oli myds tuttu, kalliotekniikan laboratorio Teknillisessi kor-
keakoulussa. Vanha lempiharrastus, kallion siirkeminen, sai nyt kiéintei-
sid muotoja, kun piti saada aikaan mahdollisimman kestidvid mursketta
tiepinnoitteisiin. Asfalttipinnoitteiden tutkimusohjelmasta tuli materiaa-
li viitoskirjaan, jota Pertti puolusti kunnialla keviittalvella 1991.

Hoidettuaan vuodesta 1989 alkaen kalliotekniikan ylassistentuuria
Pertti midrittiin hoitamaan keséista 1993 kalliotekniikan professorin vi-
ransijaisuutta, tyotd, jota hin ei ehtinyt tuskin aloittaa ennen poismeno-
aan.

Pertin kuiva englantilaistyylinen huumori ja oman alansa kiistaton
asiantuntemus sdilyiviit kaikkien hinet tunteneiden mielissi pitkddn. Ha-
nen tydkapasiteettiaan ja asioiden tekemistii valmiiksi saakka ei tule
olemaan helppoa korvata. Ajaessammme entistd Kestdvimmin pdallystet-
tyji teité tal katsellessamme entistd suorempia porareikid niemme myos
Pertin kiden jéljen.

Tiinan ja lasten suruun osallistuen. Perttidi muistaen.

Pekka Sirkkd

Vuorimiesyhdistys r.y.:n kaivosjaoston jasen Pertti Heikkild oli voodes-
ta 1980 lihtien.

Toimitus

tokst ja malmin 16ytdjan, fil.tri hc. Otto Tristedtin kunniaksi. Tohtori
Vihitalo oli nimitetty myds Outokumpu Oy:n kunniakaivosmieheksi.
Suuren malminuotan veto on Veikon osalta pidttynyt.
Sib tibi. terra levis!
Toimi Lukkarinen

Vuorimiesyhdistys r.y.:n geologiajaoston jisen Veikko Olavi Vihitalo
sits oli perustamisvuodesta 1943 alkaen.

Toimitus
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Vuorimiesyhdistys — Bergsmannaforeningen r.y.

TOIMINTAKERTOMUS VUODELTA 1992

Vuosikokous
Vuorimiesyhdistyksen sidntomidriinen 49. vuosikokous pi-
dettiin Messukeskuksessa Helsingissd 20.3.1992. Puheenjohta-
ja Raimo Matikainen avasi kokouksen ja esitti katsauksen
maamme vuoriteollisuuden kehitykseen vuonna 1991. Yhdis-
tyksen puheenjohtajaksi valittiin prof. Raimo Matikainen ja
varapuheenjohtajaksi TKT Aulis Saarinen.
— Eero Mikinen -ansiomitali ojennettiin DI, KTK Pertti Vou-
tilaiselle tunnustuksena hinen vuoriteollisuuden ja Vuorimies-
yhdistyksen hyviiksi tekemistidn arvokkaasta tyosti.

Virallisten kokousasioiden jilkeen pidettiin seuraavat esi-
tykset:
— Ylijohtaja Markku Mikinen, Kauppa- ja teollisuusministe-
rio:

Euroopan yhdentymisen merkitys Suomen perusmetalliteol-
lisuudelle
— Pidjohtaja Jyrki Juusela, Outokumpu Oy:

Eriiden perusmetallien tuotannon kilpailukykyyn vaikutta-
via tekijoitd.

Jaostot kokoontuivat iltapdivilld omien erikoisalojensa mer-
keissa.

Tllallistanssiaisissa ravintola Kalastajatorpalla vastasi isin-
nyydestd Outokumpu Oy.

Toimihenkilot
— Puheenjohtaja: prof. Raimo Matikainen
— Varapuheenjohtaja: TkT Aulis Saarinen
— Hallituksen jidsenet:
TkL Hans Allenius
DI Eelis Eskelinen
DI Matti Heinio
DI Jorma Kemppainen
Prof. Veikko Lappalainen
— Rahastonhoitaja: LuK Marjatta Parkkinen
— Sihteerit:  TkT Heikki Laapas
DI Erkki Tyni
TkL Martti Veistaro

DI Heikki Rusila
DI Ville Sipild
DI Timo Vilttild
TkL Matti Tyni

Yhdistyksen toiminta

Hallitus kokoontui toimintakauden aikana viisi kertaa. Koko-
uksissa ovat olleet lisnd myds jaostojen puheenjohtajat, rahas-
tonhoitaja ja tutkimusvaltuuskunnan puheenjohtaja.

Yhdistyksen lehti Vuoriteollisuus — Bergshanteringen on
ilmestynyt kaksi kertaa. Lehden pdidtoimittajana on toiminut
prof. Martti Sulonen ja toimitusneuvoston puheenjohtajana DI
Matti Palperi.

Hallitus péitti perustaa yhdistyksen 50-vuotisjdrjestelyiden
koordinointia varten ohjausryhman, johon kutsuttiin hallituk-
sesta puheenjohtaja, varapuheenjohtaja, sihteerit ja jaostojen
puheenjohtajat sekii Suomen Teriksen- ja Metallintuottajien
yhdistyksesti joht. Sirpa Smolsky, Oy Fundia Ab:sta TkL Pertti
Kostamo, Outokumpu Oy:sti TkL Tapio Tuominen, [matra
Steel Oy Ab:sta TKT Kari Téhtinen ja Finnminersista ins. Erkki
Matikainen. Ohjausryhmi on kokoontunut toimikauden aikana
nelji kertaa.

Yhdistyksen historiikia laatimaan kutsuttiin prof. Toimi Luk-
karinen.

Jaostot
Pidosan yhdistyksen jiscntoiminnasta on muodostanut jaosto-
jen aktiivinen toiminta eri muodoissa.

Jaostot ovat jirjestineet koulutus- ja esitelmitilaisuuksia
seki ammatillisia retkii jisenistonsd alalta. Tarkemmin jaosto-
jen toiminta on esitetty kunkin omassa toimintakertomuksessa.
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Jaostojen toimihenkilot

Geologijaosto: puheenjohtaja, FL Elias Ekdahl: sihteeri, FK
Sirkku Halonen.

Kaivosjaosto: puheenjohtaja, DI Kimmo Kekki; sihteeri, DI
Tommy Grahn.

Metallurgijaosto: puheenjohtaja, TkT Kalevi Nikkild; sihteeri,
TkL Lars Helle.

Rikastus- ja prosessitekniikan jaosto: puheenjohtaja, DI Jouko
Kallioinen; sihteeri, DI Jukka Karhunen.

Yhdistyksen jaostojen jasenmidrit
Yhdistyksen jasenmddrd 31.12.1992 oli 2017, jossa lisdystd
edellisvuodesta on 38. Uusia jdsenid hyviksyttiin 75, joista
nuoria 26. Kuoleman kautta poistui 4 ja erosi 33.

Jaostojen jdsenmidrit olivat seuraavat: Geologijaosto 448,
Kaivosjaosto 441, Metallurgijaosto 1075, Rikastus- ja prosessi-
tekniikan jaosto 290.

Tutkimusvaltuuskunta
Tutkimusvaltuuskunnan sdintomédriinen vuosikokous oli
14.2.1992.

Tutkimusjohtokunta kokoontui vuoden 1992 aikana viisi
kertaa. Tutkimusvaltuuskunnan puheenjohtajana on toiminut
DI Paavo Eerola ja varapuheenjohtajana DI Juha Pajari. FT
Jyrki Parkkinen toimi valtuuskunnan ja sen toimikuntien sihtee-
rind.

Toimikuntien puheenjohtajat:

— Geologinen toimikunta: prof. Heikki Niini.
— Kaivosteknillinen toimikunta: DI Pekka Lappalainen.
— Rikastusteknillinen toimikunta: DI Jarmo Aaltonen.

Suoraan tutkimusjohtokunnan valvonnassa olivat seuraavat

projektit:
— Edunvalvonta

Tarkoituksena on vuoriteollisuuden yleisten toimintaedelly-

tysten edistéminen.

— Kaivosten jilkihoito

— Kaivosten ympiristoasiat

— Kiven fragmentointi

— Malmgriinsbestdmning med borrhdlsmitningar i gruvor.
— Kaivosympiiriston suojelukongressi 1993

— Vuoriteollisuus 2000 teknologiachjelma

— Analys av tremolit 1 dolomit

Toimikunnilla oli kiiynnissd yhteensi 10 projektia.

Pohjoismaisessa yhteistyGssi on osallistuttu seuraaviin ko-
kouksiin:

— Nordiskt Geokommittémote Falunissa 14.—15.5.1992.

— Nordiskt Gruvforskningsméte Trondheimissa 24.—
26.8.1992.

— Nordiskt Mineralteknik-Mo6te Outokummussa ja Siilinjér-
velld 20.—21.8.1992.

FM Esko Lundén edusti tutkimusvaltuuskuntaa neuvotte-
luissa, joissa tutkittiin yhteispohjoismaisten EC-projektien
mahdollisuuksia.

Muista pohjoismaista on saatu 7 tutkimusraporttia.

Espoossa 27. tammikuuta 1993

VUORIMIESYHDISTYS

— BERGSMANNAFORENINGEN R.Y.:n

HALLITUS

Raimo Matikainen Heikki Laapas
puheenjohtaja sihteeri



TULOSLASKELMA 1.1.92—31.12.92

VARSINAINENTOIMINTA

VMYN HALLINTO
TUOTOT
KULUT
Palkat 37.350,00
Muut kulut 44.866.,90
Vuosikokous  62.456,00
Avustukset 13.781,00
Jaostot 9.306,30 -167.760,20 -167.760,20
TUTKIMUSVALTUUSKUNTA
TUOTOT +5.878,04
KULUT
Hallinto 95.797,00
Matkat 5.737,00
Muut kulut 11.108,20
TI-proj 157.701,28
Toimikunnat 112.015.,60 -382.359,08 -376.481,04
JULKAISUT
TUOTOT
A-sarja 10.000,90
B-sarja 1.150,00
Muut tuotteet 840,00 +11.990,90
KULUT
Jisenluettelo -5.483,30 +6.507,60
VUORITEOLLISUUSLEHTI
TUOTOT +136.155,50
KULUT -156.715,80  -20.560,30
MUUT TUOTOT JA KULUT
TUOTOT
Korkotulot +35.450,93
KULUT
Vakuutukset 4.312,80
Muut kulut 47.831,25 -52.144,05 -16.693,12
-574.987,06
VARAINHANKINTA
Jisenmaksut 143.369,40
Tutk.valt.k.kannatusm. 267.500,00
Lahjoitukset 5.000,00 +415.869,40

TILIKAUDENYLI/ALIJAAMA
-159.117,66

TASE 31.12.1992

VASTAAVAA

RAHOITUSOMAISUUS

Rahat ja pankkisaamiset 389.088,25

Tilisaamiset 5.000,00

Siirtosaamiset 75.881,50 469.969,75
VASTATTAVAA

LYHYTAIKAINEN VIERAS PAAOMA

Tilivelat 122.137,60

Siirtovelat 340,73

A/
VUCRTEDLUISLUS &
BERGSHANTERINGEN

OMA PAAOMA
Yli-/alijddma edell.v.
Yli-/alij. tilik.

506.609,08
-159.117,66  469.969,75

SALDOT 31.12.1992

TUTKIMUSVALTUUSKUNTA
Saldo 31.12.1991 +306.660,77
v. 1992 alijddmi -103.981,04
+202.679,73
YHDISTYKSEN TOIMINTA
Saldo 31.12.1991 +199.948,31
v. 1992 alijadmai -55.136,62
+144.811,69

KOKO YHDISTYKSEN SALDO 31.12.1992 +347.491,42

TALOUSARVIOVUODELLE 1993
Talousarvio perustuu jisenmaksujen sdilyttdmiseen vuoden 1992
tasolla. Tutkimusjdsenten kannatusmaksut puolitetaan.

VARSINAINEN TOIMINTA
VMYN HALLINTO
TUOTOT
Jaostot —
KULUT
Hallinto 85.000
Vuosikokous 150.000
Avustukset 20.000
Jaostot 30.000 -285.000 -285.000
TUTKIMUSVALTUUSKUNTA
TUOTOT
Osall.tutk. —
KULUT
Hall.&johtok. 115.800
Tutk.&esiselv. 78.000
Edunvalvonta — -193.800 -193.800
JULKAISUT
TUOTOT
A&B-sarjat 5.000
Jasenluettelo 1.500 +6.500
KULUT
A-sarja 10.000 -10.000 -3.500
VUORITEOLLISUUSLEHTI
TUOTOT
Ilmoit.myynti 135.000
Tilausmaks. 6.600 +141.600
KULUT -160.000 -18.400
MUUT TUOTOT JA KULUT
TUOTOT
Korkotulot +13.000
KULUT
Pankkipalv.m. 7.000
Vakuutukset 4.500
Tulotappiot 10.000 -21.500 -8.500
-509.200
VARAINHANKINTA
Jdsenmaksut 135.000
Tutk jds.v.m. 111.250
Lahjoitukset 5.000 +251.250
TILIKAUDEN ALIJAAMA -257.950
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GEOLOGIJAOSTON TOIMINTAKERTOMUS 1992

Toiminta

Geologijaoston piddtapahtumat toimintavuonna 1992 ovat olleet vuosiko-
kous, Suomen kallioperin kehitys ja raaka-ainevarat -pdiviit, ja malmiar-
vioseminaari. Jaoston johtokunta kokoontui 5 kertaa.

Geologijaoston vuosikokous pidettiin Vuorimiespiivien yhteydessi
20.3.1992 Messukeskuksessa Helsingissd. Kokouksessa oli 1dsni 96 jaos-
ton jisentd. Kokouksen jdlkeen kuultiin seuraavat esitelmiit:

-— Apul.prof. Tauno Piirainen. Oulun yliopistn Geologian laitos. ai-
heesta "Suomen malmipotentiaaliset vyohykkeet™
FM Markus Ekberg. Outokumpu Mining Services Oy. aiheesta
“Pienten malmien hyoddyntdminen™. Esitelmidn muut tekijit olivat DI
Heikki Oravainen ja DI Risto-Matti Toivanen. Outokumpu Mining Servi-
ces Oy.

— Toimitusjohtaja Heikki Kauppinen, ProduMinCon Oy. aiheesta
“Kaivosammattilaisten yhteiset ongelmat malmiesiintymid hyodynnettd-
essi™.

Suomen kallioperin kehitys ja raaka-ainevarat-piiviit jarjestettiin Ou-
lussa [.-2.10. yhdessd Suomen Geologisen Seuran ja Geologiliiton kans-
sa. Piiville osallistui yhteensd 162 henkilod ja niiden aikana pidettiin
yhteensi 20 esitelméd. Jarjestelyistd vastasi tydryhmid: Martti Lehtinen,
Suomen Geologinen Seura, Pentti Holttid. Geologiliitto ja Elias Ekdahl ja
Sirkku Halonen VMY:n geologijaosto.

Malmiarvioseminaari jérjestettiin yhdessd VMY:n Geologijaoston ja
Geologisen toimikunnan kanssa Otaniemessid. TKK:n materiaali- ja kal-
liotekniikan laitoksella 26.11. Seminaariin osallistui noin 80 henkilod.
Piivien jirjestelyistd vastasi tyoryhmi: Jyrki Parkkinen, Geologian tutki-
muskeskus, Juhani Astala, Partek Industrial Minerals Oy Ab ja Jouni
Reino Outokumpu Mining Services Oy.

Toimihenkilot

Toimintavuonna 1992 vuosikokouksesta tihtien on johtokunnan kokoon-
pano ollut seuraava: puheenjohtajana FL Elias Ekdahl, Geologian tutki-
muskeskus, varapuheenjohtajana FM Tuomo Korkalo, Outokumpu Finn-
mines Oy, sihteerind FK Sirkku Halonen, Geologian tutkimuskeskus ja
muina jisenind FM Juhani Astala. Partek Industrial Minerals Oy Ab, FM
Jaakko-Pekka Perttula, Saxo Oy ja DI Timo Rekola. Outokumpu Finnmi-
nes Oy.

Jasenmiiri

Geologijaoston jasenmiiri oli vuoden 1992 lopussa 448. Uusia jasenii
liittyi 19. Kuoleman kautta jaostostamme poistuivat DI Aukusti Arvela.
jokaoli yhdistyksen jdsen vuodesta 1944, FM Ilpo Laiti, joka oli yhdistyk-
sen jidsen vuodesta 1954, johtaja Juhani Nuutilainen, joka oli yhdistyksen
jisen vuodesta 1957, FM Osmo Nykiinen, joka oli yhdistyksen jdsen
vuodesta 1974 ja FM Aarre Stenberg, joka oli yhdistyksen jédsen vuodesta
1961.

Elias Ekdahl

puheenjohtaja

Sirkku Halonen

sihteeri

KAIVOSJAOSTON TOIMINTAKERTOMUS
VUODELTA 1992

Toiminta
Kaivosjaosto on kokoontunut toimintavuoden aikana kaksi ja jaoston
johtokunta viisi kertaa.

Kaivosjaoston vuosikokous pidettiin Messukeskuksessa, Helsingissi
20.3.1992 kello 13.35 alkaen. Lisni oli 66 jasentd. Kokouksen jilkeen
kuultiin seuraavat esitelmat:

. ETA:n vaikutuksia Suomen kaivosteollisuuteen. apul.joht. E. Ulvelin,

TTK
2. Lokomosta Nordbergiin — Suomalaisen murskauslaitevalmistajan kan-

sainviilinen tie, joht. J. Suominen. Lokomo Oy
3. Siilinjdrven kaivoksen laajennus, keh.pidill. O. Paatsola, Kemira Oy.

Syyskokous pidettiin syysretken yhteydessi Sally Albatrossilla 1.9.1992.
Lisni oli 41 jisentid. Syysretken kohteena oli Nordkalk Storugns Ab:n ja
Cementan laitokset Gotlannissa. ltajuhlasta vastasi Nordkalk Oy Ab.

Kaivosjaoston puheenjohtaja on toiminut Bergspringningskommitté-
nin, Svenska Gruvféreningenin, BEFO:n ja NIF:n yhdysmieheni.

Kalliomekaniikan toimikunnan johtokunnassa ovat toimineet FL Len-
nart Lauren ja DI Pekka Loven.

TkT Pekka Sérkkid on toiminut ISRM:n yhdysmiehené.

FL Lennart Lauren on toiminut VMY :n edustajana ISM:ssi ja pohjois-
maisessa kaivosmittauskomiteassa.
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Toimihenkilot

Toimintavuonna 1992 on jaoston puheenjohtajana toiminut DI Kimmao
Kekki, varapuheenjohtajana FI Lennart Laure ja johtokunnan muina jése-
ninii DI Lauri Siirama, DI Mikko Riisiinen, TKL Timo Soikkeli ja TKL Seija
Sundholm. Sihteerini on toiminut DI Tommy Grahn.

Jéasenet

Jaoston jisenmidri oli vuoden 1992 lopussa 441 henkilod, lisdysti edellis-
vuodesta 19 henkilsi. Uusiajdsenii hyviksyttiin vuoden aikana 20 kappa-
letta. joista nuoria jasenid yhdeksiin kappaletta.

Kimmo Kekki

puheenjohtaja

Tommy Grahn
sihteeri

METALLURGIJAOSTON TOIMINTAKERTOMUS
VUODELTA 1992

Varsinainen toiminta

Metallurgijaosto on kokoontunut toimintakauden aikana vuosikokouk-

seen.

Vuosikokous pidettiin Vuorimiesyhdistyksen vuosikokouksen yhtey-
dessii 20.3.1992 Helsingissda Messukeskuksessa. Kokouspaikalla rekiste-
roityi 268 jaoston jdsenti.

Vuosikokouksessa kuultiin seuraavat esitelmit:

B DI Seppo Isoherranen, toimitusjohtaja. Verkstallande Direktor, Outo-
kumpu Copper Oy. ”Etabloituminen yhdentyviin Eurooppaan ja kan-
sainvilistyminen — Etablering i integrerande Europa och internationali-
sering

M Oik. kand. Seppo Sahlman, Putki- ja profiiliryhmén johtaja, Direktor,
Ror- och profildivisionen, Rautaruukki Oy, "Rautaruukin Putki- ja
profiiliryhmi jatkojalostajana Euroopassa — Ror- och profildivisionen

B DI Kari Autio, TiO,-Tulosryhmiin johtaja. Direktor. TiO,-Divisionen.
Kemira Oy. “Yritysostostrategian toteutus — Case Kemira Inc. USA ~
Genomfdrande av strategin {or foretagsforvarvande — Case Kemira Inc.
USA™
Lauantain ekskursion kohteena oli Tekniikan Museo Helsingin Viikis-

si.

Jaoston kesdretki oli suunniteltu tehtdviksi 27.-29.8.1992 Pechenga
Nickel -kombinaattiin Kuolaan. Retki jouduttiin tehtaalla sattuneen onnet-
tomuuden johdosta peruuttamaan.

Vuonna 1992 ei jdrjestetty syyskokousta.

Koulutustoiminta
Koulutustoiminta on hoidettu Metallurgian Valtakunnallisen Asiantunti-

jatoimikunnan (metallurgian VAT) kautta. Puheenjohtajana on toiminut

TKT Veikko Heikkinen. VAT on kokoontunut toimintavuoden aikana
kolme kertaa.

Varsinaiset koulutustapahtumat on perinteisesti jdrjestetty yhdessii
vhteistyokumppanin kanssa. Tilli toimintakaudella jirjestettiin INSKO:n
kanssa seuraavat koulutustilaisuudet:

% TAutomaatio ja prosessin ohjaus™, 13.-14.5.1992 Tampereella. Lisni
oli 20 osanottajaa.
* “Eristiminen korkean limpotilan prosessiteollisuudessa™. 28.—

29.10.1992, Vantaalla. Lisni oli 32 osanottajaa.

Metallurgijaoston Korkeakouluyhteistydelin kokoontui puhelinkoko-
ukseen ja yhteiskokoukseen jaoston johtokunnan kanssa. Yhteistyoelin
kokosi koulutustapahtumalistan, joka julkaistiin jaoston tiedotuslehdessii
keviilld 1992. Yhteistydelimen puhecnjohtajana on toiminut professori
Antti Korhonen.

Tiedotus

Jaoston lehti "Metallurgijaosto tiedottaa™ on ilmestynyt perinteistd poike-
ten vain kaksi kertaa. Numero 3. ns. “kesdretki-numerao™, jatettiin kesiret-
ken peruuntumisen johdosta julkaisemartta.

Toimihenkilot

Mctallurgijaoston jisenméiri oli vuoden 1992 lopussa 1075. Vuoden
1992 aikana jaoston johtokunta puolsi uusiksi jaseniksi 21 henkilod, joista
13 varsinaista ja 8 nuorta jisentii (VMY :n hallituksessa hyviksyttyja 29).
Timin lisiiksi palautettiin suosittelijoille lausuntoa varten yksi jisenano-
mus.

Kalevi Nikkila

puheenjohtaja

Lars Helle

sihteert



RIKASTUS- JA PROSESSITEKNIIKKA JAOSTON
TOIMINTAKERTOMUS VUODELTA 1992

Toiminta

Rikastus ja prosessitekniikan jaoston vuosikokous pidettiin Vuorimicsyh-
distyksen vuosikokouksen yhteydessi 20.3.1992 Messukeskuksessa Hel-
singissil. Kokouksessa valittiin johtokunnan uusiksi jaseniksi TkL Ulla-
Riitta Lahtinen ja DI Seppo Lihteenmiiki.

Kokouksessa oli lasnd 60 osanottajaa.

Kokouksen jilkeen kuultiin seuraavat esitelmat:

Toimitusjohtaja. DI Seppo Kreula. Outokumpu Mintec Oy “"Rikastus-
tcknologiamme kilpailukyky™

— DI Carl-Johan Skand, Lohja Oy "Laadunvarmistusta: laatujdrjestelmit
mineraaliteollivudessa™

— Toimitusjohtaja, DI Risto Heiskanen. Minera Outokumpu Chile S.A.
“Lince LX-SX-EW kuparikaivos Chilessi™

Syysseminaari
Vedenerotusseminaari pidettiin 17.—18.9.1992 Lappeenrannassa.

Jatkokoulutuskurssi

VMY ja TKK jirjestivit yhdessd jatkokoulutuskurssin: Optimaalinen
piirisuunnittelu TKK:1la 31.3.—2.4.1992. Tavoitteena oli opettaa miten
taulukkolaskentaa voidaan kdyttdd mineraalien rikastuksessa.

Toimihenkilot
Jaoston kokoonpano on 20.3.1992 lihtien ollut seuraava:
Jouko Kallioinen, puheenjohtaja
Ulla-Riitta Lahtinen
Seppo Lihteenmaki
Jouko Olkkonen
Jorma Reinikainen
Jukka Karhunen, sihteeri
Jaoston johtokunta kokoontui toimintavuoden aikana 7 kertaa.

Jisenet
Jaoston jidsenmaird 31.12.1992 oli 290. lisdystd edelliseen vuoteen verrat-
tuna 8 jisentd.

Jukka Karhunen

sihtecri

Jouko Kallioinen
puheenjohtaja

OTTEITA TUTKIMUSVALTUUSKUNNAN
TOIMINTAKERTOMUKSESTA VUODELTA 1992

Tutkimusvaltuuskunta (YVK)
Tutkimusvaltuuskunnan sddntoméédridinen vuosikokous pidettiin 14.2.1992
Helsingissi. Valtuuskuntaan kuului toimintakauden aikana tutkimusjise-
nind 23 yritysti, kukin yhdelld edustajalla. sekid Outokumpu Oy kahdella
edustajalla. Tutkimusvaltuuskuntaan kuuluivat lisaksi VMY :n hallituksen
nimittimi asiantuntijajdsen ja VMY:n neljin jaoston puheenjohtajat.
Tutkimusvaltuuskunnan puheenjohtajana toimi DI Paavo Eerola. vara-
puheenjohtajana DI Juha Pajari. FT Jyrki Parkkinen toimi valtuuskunnan
ja sen toimikuntien sihteerind.

Tutkimusvaltuuskunnan kokoonpano ja toimikaudet:

Tutkimusjisen Varsinainen edustajaVaramies

Vibrometric Oy MSc Calin Cosma -92 DI Reijo Korhonen — -92
Finnminerals Oy DI Hannu Haveri  -92 DI Jouko Olkkonen  -92
Oy Forcit Ab Ins Kalle Ylitalo  -94 FM Rolf Strandberg  -92
Oy Forby Ab DI Harri Eronen -94 DI Jarmo Suvio -94
Kemira Oy DI Lauri Siirama ~ -93 DI Jarmo Aaltonen -93

Larox Oy Ins Tapio Keskisaari-93 DI Mikko Hikdmies -93
Lemminkiinen Oy DI Bjarne Liljestrand-93 DI Markku Volotinen -93
Lohja Oy Ab DI Juha Pajari -93 FM Heikki Latva -93
Myllykoski Oy FM Pertti Huopaniemi -94 FM J-P Perttula -94

Orion-Yhtymi Oy,
Normet DI Matti Koskinen -92

Outokumpu Oy DI Paavo Eerola -93 Ins Eero Soininen -93
(Outokumpu Mining Services Oy)

Outokumpu Oy DI Pentti Seppinen -94 DI Pekka Lappalainen -94
(Outokumpu Mining Services Oy)

Partek

Minerals Oy Ab
Rammer Oy
Rauma Oy

FM Esko Lundén  -93 DI Kimmo Kekki -93
DI Timo Sippus -93 DI Matti Vestman -93
DI Veikko Linnola -93 DI Jouko Suominen  -93
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Rautaruukki Oy DI Esko Poylio -93 FT Kyosti Heinidnen  -93

Roxon Oy DI Erkki Matikainen-93 Ins Rauno lhatsu -93
Suomen Malmi Oy DI Pekka Mikkola -94 FM Esko With -94
Suomen

Vuolukivi Oy
Tamrock Oy
Teollisuuden
Voima Oy
Terraplan Oy
YIT-Yhtymid Oy

DI Esko Teerikorpi -93
DI Rolf Strom -93 DI Pertti Koivunen -93

DI Heikki Hinkkanen-93 FM Timo Aikis -93
Ins Kalevi Hytti -92
DI Pekka Liisanantti-92 TkL Tuomo Tahvanainen-92

VMY :n hallituksen valitsema asiantuntijajdsen: DI Urpo Salo. KTM
VMY :n jaostojen puheenjohtajat:

Geologijaosto. FL Eljas Ekdahl

Kaivosjaosto, DI Kimmo Kekki

Rikastus- ja prosessijaosto. Prof Kari Heiskanen

Metallurgijaosto, TkT Kalevi Nikkild.

Tutkimusvaltuuskunnan toimintaan ovat tutkimusjésenten lisiksi ker-
tomusvuoden aikana aktiivisesti osallistuneet seuraavien laitosten tai
virastojen edustajat:

- Teknillinen korkeakoulu

— Helsingin yliopisto

— Oulun yliopisto

— Geologian tutkimuskeskus

— Valtion teknillinen tutkimuskeskus
— Kauppa- ja teollisuusministerio

Tutkimusjohtokunta

Tutkimusjohtokunta kokoontui kertomuskauden aikana viisi kertaa: 15.1.
Espoossa, 14.2. Helsingissi, 5.5. Helsingissd, 9.9. Virkkalassa ja 19.11.
Espoossa.

Tutkimusjohtokunnan kokoonpano oli seuraava:

DI Paavo Eerola, Outokumpu Mining Services Oy, puheenjohtaja
DI Juha Pajari, Lohja Oy Ab. varapuheenjohtaja

DI Jarmo Aaltonen. Kemira Oy

DI Pekka Lappalainen. Outokumpu Mining Services Oy

FM Esko Lundén. Oy Partek Ab, jdsen paivimairdstd 11.12.1991
Prof Heikki Niini, TKK

DI Urpo Salo, KTM (asiantuntijajdsen)

Tutkimustoimikunnat

— Geologinen toimikunta, pj. prof. Heikki Niini

— Kaivosteknillinen toimikunta, pj. DI Pekka Lappalainen
— Rikastusteknillinen toimikunta, pj. DI Jarmo Aaltonen.

Tutkimukset

Johtokunta ja toimikunnat valvoivat vuoden aikana kaikkiaan kahdeksaa-
toista projektia, joista kaksi oli yhteispohjoismaista.

Suoraan tutkimusjohtokunnan valvonnassa oli kahdeksan projektia, joista
yksi yhteispohjoismainen:

— Edunvalvonta

— Kaivosten jilkihoito

— Kaivosten ympéristdasiat

— Kiven fragmentointi

— Malmgransbestimning med borrhilsmétningar i gruvor

— Kaivosympiriston suojelukongressi 1993

— Vuoriteollisuus 2000 teknologiaohjelma

— Analys av tremolit i dolomit

Geologisen toimikunnan valvonnassa olivat projektit:

— Lampokuvaus geologisessa tutkimuksessa

— Teknillisen geologian terminologia

— Geologiset ympiristovaikutukset kalliotilojen louhinnassa
— Geofysiikan ja geokemian kompleksitulkinnat

— Saattoporan kultamalmin geologinen mallitus

— Malmiarvioseminaari

Kaivosteknillisen toimikunnan valvonnassa olivat projektit:

— Uuden murskaus- ja kuljetusteknologian soveltaminen avolouhintaan
— Irroitustekniikan vaikutus lopputuotteen laatuun rakennuskiviteolli-
suudessa

Rikastusteknillisen toimikunnan valvonnassa olivat projektit:

— Naiytteenoton kiisikirja
— Kuva-analyysi rikastusmineralogiassa
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Tutkimusjohtokunta ja toimikunnat valmistelivat projekteja:
— EC-direktiivit

— Teollisuusmineraalit ja niiden etsinté

— Vaahdotuksen erikoismenetelmit

— Processmineralogi.

Pohjoismainen yhteistyo

Tutkimusjohtokunta

Tutkimusjohtokunta ja eri toimikunnat ovat pitineet yhteyttd pohjoismai-
siin veljesjirjestoihin. Esko Lundén edusti tutkimusvaltuuskuntaa neuvot-
teluissa, joissa tutkittiin yhteispohjoismaisten EC-projektien mahdolli-
suuksia. 1992 valmistui hanke Malmgriinsbestimning med borrhallsmit-
ningar i gruvor (T)/KT/GT).

Geologinen toimikunta

Geologisten toimikuntien yhteispohjoismainen kokous Nordiskt Geokom-
mittémote pidettiin Falunissa 14.—15.5.1992. Kokoukseen osallistui kol-
me edustajaa Norjasta, neljidtoista Ruotsista ja neljia Suomesta. Kokouksen
padteemoina olivat ympéristokysymykset ja vuoriteollisuuden ongelmat.

Kaivosteknillinen toimikunta

Pohjoismaiset kaivosteknillisten toimikuntien Nordiskt Gruvforsknings-
mote pidettiin Trondheimissa 24.—26.8.1992. Kokoukseen osallistui Ruot-
sista kahdeksan, Norjasta yhdeksén ja Suomesta kaksi edustajaa. Kokouk-
sen merkittdvin teema oli pohjoismaiden yhteisosallistuminen EC-projek-
teihin. Asiaa tutkimaan perustettiin tydryhmi, johon tulivat kuulumaan
Stein Krogh (SINTEF. Norja). Per-Arne Lindgqvist (MITU. Ruotsi) sekd
Esko Lundén (TVK/VMY, Suomi).

Rikastusteknillinen toimikunta

Pohjoismainen rikastusteknillisten toimikuntien Nordiskt Mineralteknik-
Moéte pidettiin 20.—21.8.1992 Outokummussa ja Siilinjdrvelld. Kokouk-
seen osallistui Norjasta neljd, Ruotsista kolme ja Suomesta kymmenen
edustajaa. Pidteemat olivat teknologiaohjelmat ja pohjoismainen EY-
yhteistyd. Kutsuttuna esitelméitsijini johtaja Markku Koskenlinna, TE-
KES, selosti Suomen teknologiapolitiikkaa 90-luvulla.

Raportit ja tiedottaminen

Tutkimusten raportointi

Vuoden 1992 aikana ja vuosien 1992/1993 vaihteessa julkaistiin tutkimus-

valtuuskunnan tukemista tutkimuksista seuraavat raportit:

A98 Jukka Alli: Uuden murskaus- ja kuljetusteknologian soveltami-
nen avolouhintaan.

A99 Ilmo Kukkonen, Heikki Vanhala: Termisen infrakuvauksen kiyt-

tomahdollisuudet geologisiin tutkimuksiin Suomessa.

Jukka Mikeld: Geologiset ympiristdvaikutukset kalliotilojen lou-

hinnassa.

BS50 Geokemian pdivdt Oulussa 28.—29.11.1990.

BS1 Suomen kallioperdn kehitys ja raaka-ainevarat. Oulu 1.—
2.10.1992.

B53 Malmiarvioseminaari Otaniemessa 26.11.1992.

A100

Pohjoismaista saadut raportit

Stiftelsen Bergteknisk Forskning BeFo:
— Lars Olsson. Lars Rosengren, Hikan Stille: Bergklassificering med
hjalp av regressionsanalys.

Muut:

— SKN (Statens Kirnbrinsle Nimnd): Geogas — a Carrier or a Tracer?
Report 51., OCT 1991.

— SKN: Geogas in Crystalline Bedrock. Report 52., Oct 1991.

— Tekniska Hogskolan i Lulea: Teaching and Research Activities 1991,
— SveDeFo: Verksamheten 1991.

— SINTEF: Verdiskapande forskning, Arberetning 1991,

— Svenska Gruvforeningen: Svensk Gruvrevy 1991.

TKK:n Materiaali- ja kalliotekniikan laitoksen kirjaston kanssa on sovittu.
etti pohjoismaiset raportit toimitetaan kirjastolle toimikunta- ja johtokun-
taesittelyn jilkeen, kiytinnossd valtuuskunnan vuosikokouksen jilkeen
vuosittain.

Tutkimusvaltuuskunnan puolesta

Paavo Eerola
puheenjohtaja

Jyrki Parkkinen

sihteeri
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Vuorimiesyhdistys-Bergsmannaforeningen r.y.:n hallitus on hyviksynyt
seuraavat henkilot yhdistyksen jaseniksi:

Kokouksessa 29.1.1993

Aatos, Soile Pirjo Hannele, FK. s. 30.12.1964, miidrdaikainen geologi,
GTK Geokemian osasto. Os.: Hakatie 4 A 2, 54410 YLAMAA. Jaosto:
geo.

Heinonen, Jouni Aslak, 100 ov, s. 29.11.1967, opiskelija, Oulun yliopis-
to. Os.: Ylhopistonkatu 28 A 101, 90570 OULU. Jaosto: geo.

Jokinen, Jarkko Mikael, FK. s. 14.04.1966, geofyysikko, tutkimusassis-
tentti, GTK Kuopio. Os.: Koiravedenkatu 17 A 3, 70800 KUOPIO. Jaosto:
geo.

Juvonen, Ilkka Antero, ekonomi, s. 14.07.1944, myyntijohtaja, Rauta-
ruukki Oy Hameenlinna. Os.: Rautaruukki Oy. 13300 HAMEENLINNA.
Jaosto: met.

Kaukonen, Risto Johan, 102.5 ov. s. 08.05.1968, opiskelija. Oulun yli-
opisto. Os.: Himéldntie 8 A 2. 90800 OULU. Jaosto: geo.
Kemppainen, Mika Juhani, 100 ov, s. 12.10.1968. opiskelija. Oulun
yliopisto. Os.: Pysikkitie 33, 90310 OULU. Jaosto: geo.

Kuronen, Erkki Olavi, 100 ov, s. 16.03.1970, opiskelija, Oulun yliopisto.
Os.: Toivonniementie 9 as 37, 90500 OULU. Jaosto: geo.

Kuusinen, Markku Juhani, pros.ins., s. 24.01.1959, prosessi-insindori,
Okmetic Oy. Os.: Términiityntie 15 C 35, 02710 ESPOO. Jaosto: met.
Lampela, Outi Kirsti Heleena. DI. s. 29.03.1949, talousjohtaja, Outokum-
pu Engineering Oy. Os.: Uurrekuja 36. 01650 VANTAA. Jaosto: met.
Lappalainen, Markku. 115 ov. s. 13.06.1968. opiskelija. Oulun yliopis-
to. Os.: Aleksanterinkatu 47 as 5. 90100 OULU. Jaosto: geo.

Lassila, Kari Tuomo. ekonomi. s. 16.08.1946. talousjohtaja, Outokumpu
Oy, piiiikonttori. Os.: Kuitinmidenkaari 16 B 4, 02210 ESPOO. Jaosto: met.
Lehto, Janne Matias, 102 ov. s. 02.08.1968, opiskelija. TKK. Os.: Ava-
ruuskatu 3 G 129, 02310 ESPOO. Jaosto: kai.

Montonen, Mikko Juhani, DI, s. 20.11.1965, prosessi-insindori, Okmetic
Oy. Os.: Punavuorenkatu 9 A 26, 00120 HELSINKI. Jaosto: met.
Pahkala, Arto Tapio, DI, s. 14.08.1963, asiakaspalveluinsinori, Outo-
kumpu Polarit Oy. Os.: Honkalankatu 12, 95420 TORNIO. Jaosto: met.
Paulasto, Mervi Marketta, DI, s. 08.10.1966, tutkija. TKK. Os.: Eerikin-
katu 29 D 76, 00180 HELSINKI. Jaosto: met.

Peuranen, Pekka Oskari, 160 ov.s.30.09.1961, opiskelija. Oulun yliopis-
to. Os.: Toivonniemenkatu 1 B 220, 90500 OULU. Jaosto: geo.
Pilvinen, Harri Tapani. 140 ov, s. 04.07.1965. opiskelija, TKK. Os.:
Kipparinkuja 1 G 125, 02320 ESPOO. Jaosto: met.

Rahunen, Vesa Jussi, DI, . 16.01.1942, liiketoimintojen kehitysjohtaja,
Outokumu Technology Oy. Os.: Meritullinkatu 13D 123, 00170 HELSIN-
KI. Jaosto: met.

Salmi, Pekka Tapani, DI, s. 12.01.1957, tekninen asiakaspalveluinsindo-
ri, Outokumpu Polarit Oy. Os.: Uusikatu 4 A 2, 95400 TORNIO. Jaosto:
met.

Toivanen, Markku Reino. DI. s. 27.09.1941, toimitusjohtaja. Outokum-
pu Metals & Resources Oy. Os.: Miniatonkuja 1 C 18, 02360 ESPOO.
Jaosto: geo kai rik met.

Vatanen, Jukka-Pekka. 125 ov.s. 07.09.1969. opiskelija. Oulun yliopis-
to. Os.: Liisantie 1 C 16, 90560 OULU. Jaosto: geo.

Virolainen, Juha Ilmari, DI, s. 11.09.1960, p_r(_)_sessi—insin'o'dri, Okmetic
Oy. Os.: Oravaistenkuja 2, 04400 JARVENPAA. Jaosto: met.
Vuorinen, Timo Tapio, DI, s. 31.12.1960, projektisuunnittelija, Jaakko
Péyry Oy Vantaa. Os.: Kuusikallionkuja 4 E 41, 02210 ESPOO. Jaosto:
met.

Kokouksessa 27.5.1993

Airola, Raimo Juhani, D1, s. 21.01.1943, hankinta- ja valmistusp#illikks,
Outokumpu Mintec Oy. Os.: Mankkaantie 33, 02180 ESPOO. Jaosto: rik.
Andersin, Erik Kristian, DI, s. 15.12.1960, tutkimusinsinéori, Outokunt-
pu Research Oy. Os.: Aino Ackténtie 8 D 15, 00400 HELSINKI. Jaosto:
met.

Eklin, Lauri Heikki, 130 ov, s. 11.10.1968, opiskelija, TKK. Os.: Nuot-
tapolku 6, 00330 HELSINKI. Jaosto: met.

Hassi, Simo, DI, s. 03.03.1955, toimitusjohtaja, Huber Testing Oy Ab.
Os.: Huber Testing Oy Ab, PL 120, 01511 VANTAA. Jaosto: met.
Hinninen, Outi Marjut, 165 ov, s. 14.05.1969, opiskelija, TKK. Os.:
Riilssintie 16 G 84, 00720 HELSINKI. Jaosto: met.

Julin, Yrjé Matti Kalervo, TkL, s. 06.09.1957, valimo- ja konepajaryh-
min johtaja, JOT-Yhtist Oy. Os.: Johan Sederholmintie 8 A 7. 00820
HELSINKI. Jaosto: met.

Jarvensivu, Mika Markus, DI, s. 27.12.1968, tutkimusinsinéori, Outo-
kumpu Mintec Oy. Os.: Vilpunkatu 2 E 25, 02230 ESPOO. Jaosto: rik.
Lahtinen, Markku Juha, TkL, s. 06.08.1958, projekti-insindori, Outo-
kumpu Engineering Contractors Oy. Os.: Taratie 1, 04130 SIPOO. Jaosto:
met.

Leinonen, Seppo Tapani, LuK, s. 21.12.1965, opiskelija. Os.: Sirkunpol-
ku 13, 87500 KAJAANI. Jaosto: geo.



Millner, Dan Ernst David, DI, s. 01.06.1950, myyantijohtaja, Outokumpu
Engineering Services Oy. Os.: Martintie 12 F, 02270 ESPOO. Jaosto: rik.
Miikild, Sari Sinikka, 97,5 ov, s. 09.04.1966. opiskelija, TKK. Os.:
Revontulentie 2 E 63, 02100 ESPOO. Jaosto: rik.

Neuss, Ian David, B.Sc., s. 26.06.1945, Exploration Manager/Managing
Director, Outokumpu Exploration Australia Pty Ltd. Os.: Outokumpu
Explor. Australia 141 Burswood Rd, VICTORIA PARK 6100 WA AUS-
TRALIA. Jaosto: geo.

Nikolov, Stefan Nikolov, DI, s. 14.06.1962, tutkimusinsindoéri, Qutokum-
pu Research Oy. Os.: Vidinonraitti 3 G 51, 28330 PORI. Jaosto: met.
Pakkanen, Jorma Juhani, DL s. 11.09.1944, rakenneputket-ryhmin joh-
taja. Rautaruukki Oy. Os.: Metsilammentie 13, 13500 HAMEENLINNA.
Jaosto: met.

Pihlajamiki, Seppo Juhani, ins. s. 22.08.1952, aluemyyntipdillikko.
Rammer Oy. Os.: Vierutie 14, 15560 LAHTI. Jaosto: kai.

Syrjdld, Ulla Anita, 130.5 ov, s. 11.12.1968, tutkimusapulainen. TKK.
Os.: Himeentie 14 B 49, 00530 HELSINKI. Jaosto: met.

Vanhanen, Erkki Johannes, FM, s. 07.07.1953, raaka-aine toimialapdal-
likko, GTK. Os.: Keksikuja 3, 96460 ROVANIEMI. Jaosto: geo.

Kokouksessa 2.9.1993

Bergstrom, Kaj Rafael, DI, s. 23.11.1954, CAD-kehitysinsinoori, A
Ahlstrom Oy Karhula. Os.: Nuijatie 11 D 51, 01650 VANTAA. Jaosto:
met.

Chernet, Tegist, MSc, s. 27.01.1966, Research Assistant, Geological
Survey of Finland, Kuopio. Os.: Pdivirinteentie 31 as 1, 70300 KUOPIO.
Jaosto: geo rik.

Gronholm, Pentti Onni Tapani, FK. s. 21.11.1964, tilapdinen geologi/
tutkija, Outokumpu Finnmines Oy/Helsingin Yliopisto. Os.: Mékitorpan-
tie 6 B 17, 00620 HELSINKI. Jaosto: geo.

Kajanen, Juha Pekka, DI, s. 19.09.1965. tutkija, TKK Kalliotekniikan
laboratorio. Os.: Haavikkopolku | K 66, 00630 HELSINKI. Jaosto: geo
kai.

Karvinen, William (Bill), PhD, s. 01.04.1946, Consulting Geologist,
W.0. Karvinen & Ass. Ltd. Os.: RR 3, ODESSA Ont. CANADA K8H
2HO. Jaosto: geo.

Kaskiala, Markku Juhani, DI, s. 12.03.1951, laboratorioinsindori. TKK
Materiaalien valmistustekniikka. Os.: Topeliuksenkatu 7 B 31. 00250
HELSINKI. Jaosto: met.

Konttinen, Jukka Pekka, DI, s. 29.04. 1965, kdyttdinsinoori, jatkuvalu,
Rautaruukki Oy Raahe. Os.: Ruskontie 6 A, 92120 RAAHE. Jaosto: met.
Kupari, Pentti Antero, DI, s. 21.03.1961. tutkimusinsindéri, Outokumpu
Polarit Oy. 95300 TERVOLA. Jaosto: met.

Lehtonen, Jyri Antti, DI, s. 01.12.1956, toimitusjohtaja, JOT-yhtiot Oy
Helsinki. Os.: Vanhakelkkamiki 20, 00570 HELSINKI. Jaosto: met.
Liikanen, Jaakko Seppo Kalervo, FK, 5. 14.02.1952, geologi, ESACONS
Oy Kuusankoski. Os.: Jyrdantie 4, 45720 KUUSANKOSKI. Jaosto: geo.
Neuvo, Jussi Mikael. DI s. , toimitusjohtaja, Osuuskunta Metex. Os.:
Dosentintie 1 B. 02700 KAUNIAINEN. Jaosto: met.

Rissanen, Juha Pekka, FM, s. 08.07.1960, geologi, Malmikaivos Oy
Luikonlahti. Os.: Uunonpolku 12 B 13, 73600 KAAVI. Jaosto: geo.
Sassi, Martti Olavi, DI, s. 20.12.1964. tutkimusinsino6ri, Outokumpu
Polarit Oy. Os.: Kauppakatu 40 as 6, 95400 TORNIO. Jaosto: met.
Wiik, Bengt Torvald, DI, s. 25.09.1963, t.f. assistent, TH/Mak. Os.:
Fredriksgatan 24 D 22, 00120 HELSINKI. Jaosto: met.

UUTTA JASENISTA —
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Koivisto, Harri, D1, kidyttopaallikks. Partek Minerals Oy Ab. Os.: Matti-
lantie 59. 53650 LAPPEENRANTA.

Paulin, Pertti, DI, sisdinen tarkastaja. Metra Oy Ab. Os.: Laukkaméentie
21, 08500 LOHJA as..

Sulanto Jukka, toimitusjohtaja, Outokumpu Engineering Contractors Oy,
Espoo.

SUORITETTUJA TUTKINTOJA —
AVLAGDA EXAMINA

OULUN YLIOPISTO

Geofysiikan laitos
Filosofian maisterit:

Hiltula, Esa: "Geomagneettinen aktiivisuus ja sen jaksollisuus”.
Niskanen, Matti: "Geofysikaalisia tutkimuksia grafiittiesiintymiin pai-
kantamiseksi Keski-Pohjanmaan alueella™.

Salmirinne, Heikki: "Johdevyokykkeiden kartoitus aerogeofysikaalisilla
menetelmilld Keski-Pohjanmaan alueella™

VUORMEDLLISULS %
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Prosessitekniikan osasto
Diplomi-insindori:

Ollila, Seppo: "Palamisilmiot masuunin hormeilla™.

TEKNILLINEN KORKEAKOULU, OTANIEMI

Materiaali ja kalliotekniikan laitos
Tekniikan tohtorit:

Tekniikan lisensiaatti Ari Tapani Jokilaakson viitdskirja "Removal
of antimony and arsenic from impure copper concentrates under simulated
flash smelting reaction shaft conditions™ tarkastettiin 9.10.1992 Teknilli-
sen korkeakoulun Materiaali- ja kalliotekniikan laitoksella Otaniemessa.
Virallisena vastaviittijini toimi professori Joachim Kriiger, Institut fiir
Metallhiittenwesen und Elektrometallurgie der RWTH Aachen, Saksa.
Valvojana toimi professori Kaj Lilius, Teknillinen korkeakoulu.

Viitoskirjassa on tutkittu epapuhtaiden kuparirikasteiden sisdltdmien
antimonin ja arseenin hallittua poistamista Outokumpu Oy:n kehittdméssi
kuparinvalmistusprosessissa (liekkisulatusprosessi). Tutkimukset on teh-
ty laboratoriouunissa. jossa on voitu keskittyd yksittiisten rikastehiukkas-
ten ja kuuman kaasun vilisiin reaktioihin. Palavat hiukkaset on sammutet-
tu veteen, jolloin niiden reaktiot pysahtyivit tarkasti méirityn ajan kulut-
tua. Kaasun happipitoisuutta ja limpdtilaa vaihtelemalla saatiin kartoitet-
tua olosuhteet, joissa ko. epipuhtausaineet poistuvat haihtumalla kaasuun.
Parhaiten antimoni ja arseeni poistuivat, kun kaasun limpdtila oli korkein
mahdollinen ja happipitoisuus oli 1—2 til.-%.

Tekniikan lisensiaatti Jyrki Matti Miettisen viitoskirja "Mathemati-
cal simulation of interdentritic solidification of low-alloyed and stainless
steels” tarkastettiin 12.12.1992 Teknillisen korkeakoulun Materiaali- ja
kalliotekniikan laitoksella Otaniemessi. Virallisena vastaviittdjand toimi
apulaisprofessori Jorma Kivilahti ja valvojana professori Lauri Holappa,
Teknillinen korkeakoulu.

Tyossi kehitettiin termodynaamiskineettinen malli, jolla voidaan si-
muloida matalaseosteisten ja ruostumattomien teristen interdendriittistd
jahmettymistd. Malli laskee stabiilien seosfaasien osuudet ja koostumuk-
set seki seosaineiden mikrosuotautumat lampétilan funktiona jahmetty-
misen edetessd. Niiden tietojen avulla voidaan etsid syiti tiettyjen terdsten
murtumisalttiuteen. Mallia voidaan soveltaa erilaisille valuprosesseille
(valannevalu, jatkuvavalu, nauhavalu, jne.) liittdmilld se asianmukaiseen
makroskooppista limménsiirtymistd simuloivaan matemaattiseen mal-
liin.

Tekniikan lisensiaatit
Karlemo, Ben: “Titaanidioksidin valmistus RF-plasmalla”.

Korhonen, Juha Ville: "Magneettisten karttojen geologisesta hyodyn-
tamisestd”.

Korpiola, Kari: "Induktiivisen plasmalaitteiston kdyttéénotto ja kehi-
tystyd”.

Kukkonen, Jari-Pekka Valo: "Sihkokemialliset tutkimusmenetelmit
ALO, ja ALO-TiO, pinnoitettujen teristen korroosiotutkimuksessa”.

Laine, Tenho: "Kallioviestonsuojien rakennesuunnittelukéytantd Suo-
messa’.

Larkiola, Jari: "Rullamuovauksen mallintaminen”.
Niemeli, Qili: "Niytteenotto jauheista”.

Nikolov, Stefan: "Eriiden epidpuhtauksien eliminoiminen rikkaasta
kuparikivestd ja raakakuparista emiksisid kuonia kdyttden™.

Partinen, Jarkko: "Sihkomagneettinen sekoitus terdksen jakuvava-
lussa; teoria, matemaattinen ja fysikaalinen mallintaminen™.

Sundstrom, Salla: "3D-ROCK mallinnusjarjestelmi kallioperén ra-
kennetutkimuksiin. Osa I. Tutkimustulosten kisittely ja tulkinta”.

Yang, Yongxiang: “Thermal processing of metal powders in a radio
frequency plasma’.

Zeng, Kejun: "A thermodynamic evaluation of the Ni-Nb and Cr-Zr
binary systems”.
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Diplomi-insinorit: Mononen, Sakari: "Rauta- ja alumiinikdyhien kivimateriaalien tekni-
nen saatavuus Suomessa’.
Ahokainen, Tapio: ”Liekkisulatusuunin kolmiulotteisen laboratorio- Myllykoski, Pirkka: "Kuumanauhan Crownin madaltamisen vaiku-
mallin numeerinen simuloiminen”. tukset kylmivalssatun nauhan poikittaiseen paksuusprofiiliin ja tasomai-
Hukkanen, Jopi: "Eriiden ohutkalvopinnoitteiden vaikutus rahanlei- suuteen”.
maustyokalujen kestoikdin™. Peltonen, Kimmo: "Suomen kallioperin malmipotentiaalin arviointi”.
Inkinen, Jukka-Pekka Ilmari; “Halidi-ionien vaikutus ruostumatto- Pitkidnen, Petri: "Kemin maanalainen kaivos™.
man teridksen pistekorroosioon™. Rastas, Matti: "Kaapelilangan suoraveto™.
Isomiiki, Iikka: "Raudan ja piinitridikeramiikan kemiallinen vuoro- Ruostetoja, Petri: "Kalliomurskeen rakeisuus™.
vaikutus™. Sjoblom, Johanna Tiina: “Vesiohenteisten pohjamaalien kiiyuo lai-
Jokinen, Kalle: “"Game gheoretic approach to union power and plan- van ulkopinnoissa”.
ning horizon: Application to Finnish data™. Somervuori, Mervi Elisabet: "Materiaali- ja pinnoitevalinta fluorive-
Jadskeldinen, Kari: Pellettisintrausmenetelmiin soveltuvuus Rauta- Ly-ymparistossa”.
ruukki Oy:n sintrauskdytintoon”. Suomi, Marja-Leena: “Rauakaraudan piipitoisuuden ennustusmalli”.
Kankare, Aimo: "Tuotannon ohjattavuuden kehittiminen alumiini- Tolppanen, Pasi Juhani: "Merenalaisen liikennetunnelin suunnitte-
tuotteita valmistavassa yrityksessd”. lu™.
Kaukojarvi, Pasi: "Kromisilisidi pohjaisten ohutkalvovastusmateri- Tuononen, Kari: "Autogeenijauhatuksen testausmenetelmiit™.
aalien valmistus ja karakterisointi”. Tuukkanen, Matti: “"Kuulalaakeriteriiksen suotaumarakenteen tutki-
Kuntsi, Timo: “Johdepolymeeriseosten optimointi”. minen™.
Laine, Jukka: "Dynaamisen mallin kehittiminen teriiksen jatkuvava- Vehvildinen, Jouni: "Rautarikkaan metallikuparitaasin esiintyminen
lun sekunddirijidhdytyksen ohjaukseen™. kuparisulaton kuonissa™.
Laitinen, Kai: "Mectallien kuumennus- ja limpokisittelyuunien kerra- Vuorinen, Tuija-Liisa: "Scostuksen ja pinnoituksen vaikutus lyijya-
miset kuitueristeet™. nodilla tapahtuvaan hapenkehitysreaktioon™.
Lehto, Harri Juhani: “Syétteen raekoon ja pH:n vaikutus talkin Zhu, Lin: "Effect of gelatine additives on electrodeposition of copper™.
vaahdottuvuuteen”.
OIKAISU

Vuoriteollisuus-Bergshanteringen -lehteen N:o 1, 1993,

Vuorimiesyhdistys-Bergsmannaforeningen 1943—1993,

Valitan, etti ainakin seuraavat, pelkistiin omasta huolimattomuudesta-
ni aiheutuneet virheet ovat edelld mainitussa kirjoituksessa.

Sivu 20: My6s Imatran kuparitehtaan 9 MW:n (eikd 2,4:n).

Sivu 33: Outokummussa Kerettiin... syksylld 1954 (eikid 1955).

Sivu 46: lisittavd: 1984 TKkL Heikki Aulanko, 40-vuotishistoriikki.

Toimi Lukkarinen
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Vuorimiesyhdistys palkitsi ansioituneita vuorimiehi

Vuorimiesyhdistys-Bergsmannaforeningen r.y. piitti 50-vuo-
tisjuhlakokouksensa yhteydessi palkita Vuorimiesyhdistyksessii
ja vuoriteollisuudessa ansiokkaasti toimineita vuorimiehid yh-
distyksen Eero Mikinen ja Berndt Gronblom -mitalilla.

Vuorineuvos Eero Mikisen nimed kantavan ansiomitalin
saivat professorit Toimi Lukkarinen ja Heikki Paarma seki
diplomi-insinééri Urpo J. Salo.

Gronblom-mitali ojennettiin tekniikan lisensiaatti Olavi Sil-
tarille sekéd diplomi-insindoreille Esko I. Laitinen ja Reino
Mikeld.

Mitalistit kuvassa vasemmalta Prof. Lukkarinen, Prof. Paar-
ma, DI Salo, DI Laitinen, DI Miikeld ja TkL. Siltari.

Vuoriteollisuus 2000

Teknologiachjelma

Vuorimiesyhdistys asetti keviilld 1992 projektin selvittiméin
mineraalisia raaka-aineita hyddyntivin teollisuuden seki sen
liitinnédistoimintojen merkitysti ja tulevaisuuden nikymii seki
kokoamaan ohjelman alan kehitystydlle. Téssid selvityksessid
vuoriteollisuudella tarkoitetaan ldhinnd perinteisten metalli-
malmien seki ns. teollisuusmineraalien etsintdi, louhintaa ja
rikastamista: metallurginen teollisuus on jitetty ulkopuolelle.

Raportin alkuosassa tarkastellaan Suomen vuoriteollisuuden
historiallista taustaa, nykyisti tasoa, kansantaloudellista merki-
tystiija tulevaisuuden niikymii. Pddosa arvioinneista ja visioista
on periisin teollisuuden johdon haastatteluista. Raportin toinen
osa koostuu teknologiaohjelmasta. Se perustuu yhdistyksen
asettamien tydryhmien ideointiin ja jakautuu geologisiin, kai-
vosteknisiin, rikastusteknisiin ja ympiristonsuojelun aliohjel-
miin.

Maailmanlaajuisesti ajatellen vuoriteollisuus on kehittymiis-
sii jalaajenemassa viikiluvun ja raaka-ainetarpeen kasvaessa. Jo
nykyiselldin se tukeutuu ratkaisevasti korkeaan teknologiaan ja
tutkimukseen. Runsaan liitdnniisteollisuutensa kanssa se on
integroitunut vilttdmiittomiksi osaksi nykyaikaista yhteiskun-
taa.

Suomen vuoriteollisuuden ja sen liitdnnédisteollisuuden suo-
rituskyky ja tuotannon arvo ovat maamme vikilukuun nihden
maailman huippuluokkaa. Tdmén tason siilyttiminen riippuu
osaksi kotimaamme raaka-ainevaroista, osaksi yhtividemme
kansainvilisesti menestymisestd. Rakennuskiven, kiviainek-
sen ja teollisuusmineraalien raaka-ainevarat ovat hyviit. Sen
sijaan metallisten varojen kotimainen ehtyminen on haaste
lihivuosien kehitykselle. Menestyminen edellyttid panostusta
jatkuvaan koulutukseen ja tutkimukseen — ja tissi tarvitaan
myos yhteiskunnan tukea.

Raportin mukaan tyénjako ldhitulevaisuuden kehitystoimin-
nassa olisi seuraava:

— Malminetsinniin kehittimisesti, johon edelleen on voi-

makkaasti panostettava, huolehtii Geologian tutkimus-
keskus.

ANA CONGRESS CEVE 8
V7 HELSINK

— Kaivos- ja mineraaliteknologiassa kidynnistetiin suureh-
koja kehitysohjelmia yritysten ja korkeakoulujen tutki-
musorganisaatioiden toimesta. Rahoituksessa TEKESin
osuus on tirked. Monikansallisiin ohjelmiin on pyrittivi
mukaan. Esimerkiksi ympiristonsuojelun osalta tavoit-
teeksi on pitkilld tihtdimelld asetettava nk. jitteeton kai-
vos: kaivoksen jidéinndstuotteet sijoitetaan mahdollisim-
man pitkille jo tuotannon aikana louhinnan yhteydessi
syntyneisiin tiloihin.

—VMY:n tutkimusvaltuuskunnan toimintaa on tarpeen jat-
kaa mutta aikaisempaa pienemmilld volyymilla. Piipai-
no on edunvalvonnassa, informaation vélittimisessd ja
pohjoismaisten yhteyksien ylldpitimisessi.

Raporttiin tukeutuen on hyvii asettaa tavoitteita vuoriteolli-
suuden kehitykselle. Siind on annettu yleisraameja, joiden sisil-
le on kiinnitettidvissd yksityiskohtaisia kehitysohjelmia. Siini
on myds esitetty ne tosiseikat, joiden pohjalta voidaan lihtei
kehittiméédn laajempia visioita omasta ja vuoriteollisuutemme
tulevaisuudesta.

YMPARISTONSUOJELU

LOUHINTA
* Laadunvalvonta

RIKASTUS

* Hisnonnus

RAAKA-AINEHUOLTO

* Monimetallimalmit
(Ni, Cu, Zn)

* Kultamalmit

* Malmikriittiset
vydhykkest

* Etsintdmenetelmat

* Suunnittelu ja
tuotannon ohjaus

* LouhintamenetaimAt

* Rikastusprosessit

* Vedenpoisto

* Prosessin ohjaus

* Automaatio

KONE- JA LAITEVALMISTUS

Kuva

Kaivosteollisuus on toiminnallisesti jaettu kolmeen lenkkiin™:
raaka-ainehuoltoon, louhintaan ja rikastukseen. Kullakin on
oma painopistealueensa teknologian kehittimisen kannalta.
Y mpiristonsuojelu ja siihen liittyvi teknologia koskettaa kaik-
kia toimintolenkkejd, samoin kone- ja laitevalmistus.
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The Finnish Association of Mining and Metallurgical Engineers 50 years old

The 50th Anniversary meeting of the Finnish Association of
Mining and Metallurgical Engineers took place on Friday 19th
and Saturday 20th of March at the brand new Marina Conven-
tion Centre in the heart of the City of Helsinki. More than §00
members and guests of the society had been gathered togetherto
witness this historical milestone (Fig. 1).

The celebration was opened by the Society’s Chairman,
professor Raimo Matikainen (Fig. 2) who in his speech summa-
rised the development of the Society from its start to present
organisation with more than two thousand members. The States
address to the celebrating society was given by Mr. Pekka
Tuomisto, the Minister of Commerce and Industry (Fig. 3). The
main address was presented by professor Markku Mannerkoski,
the Director General of the Technical Research Centre of
Finland (Fig. 4).

After the music played by Polytech Symphony Orchestra

(Fig. 5) the audience enjoyed the excellent plenary speeches
given by Sir Arvi Parbo, Western Mining Corporation (Fig. 6)
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and Mr Lenhard Holschuh, Secretary General of 1ISI (Fig. 7).

The Friday’s program was continued in the afternoon with
two sessions covering special topics of mining and base metal
industry. The guest speakers in the Base Metal Session were
Prof. Dr.-Ing. Ulrich Seiffert, Volkswagen AG, Dr. Paul E.
Nilles, CRM and Prof, Nickolas Themelis, Columbia Universi-
ty, NY.

The celebration was continued at Marina in the evening when
attendants and their wives collected to Anniversary banquet
(Figs. 8,9, 10 and 11).

Saturday afternoon was the occasion of the Society’s traditio-
nal lunch which took place in a near-by restaurant, Wanha-
Satama. Once again you could feel the old Finnish "Mining and
Metallurgy” spirit accompanied by the Polytech Brass Band,
Humpsvakar.

H. Laapas

UET o






i

Tilastotietoja vuoriteollisuudesta v. 1992
Ylitarkastaja Urpo J. Salo

Kaives Kunia Térkeimmiit Haltija Yhteensi Malmia tai Kaivostyonmekijoiti Kaivoksessa
arvoaineet nostettu hytitykived keskimiiirin suoritettuja
tn in . avolohos mazan alta yht ydtunteja
Malmikaivokset
1. Kemi Keminmaa Cr Outokumpu Chrome Cry 4 578 096 937 399 60 — 60 104 304
2. Pyhiisalmi Pyhajiirvi Cu, Zn, S Qutokumpu Finnmines Oy 1 420 572 1046 793 2 102 104 175612
3. Enonkoski Enonkoski, Ni, Su Outokumpu Finnmines Oy 889213 838 134 1 50 51 82 487
Savonlinna
4. Hitura Nivala Ni, Cu Outokumpu Finamines Oy 636 503 495214 3 66 69 108 800
5. Vammala Yammata Ni, Cu QOutokumpu Finnmines Oy 639 593 595183 — 67 67 109 554
6. Vihanti" Vihanti Zn, Cu, Pb Quitokumpu Finnmines Oy 396 189 393 161 —_ 25 25 41 330
7. Saattopora Kitiild Au Outokumpu Finomines Oy 308 769 297 533 6 15 2t 34772
&, Hilvila" Kerimuiki Ni Outokumpu Finnmines Oy 8G 012 78 800 — 4 4 3610
9. Jugmasuo® Kuusamo Au Outokumpu Finnmines Oy 60 235 17 633 25 — 25 12 000
10. Telkkals" Taipalsaari Ni Outokumpu Finnmines Oy 37 849 34 739 —_ 7 7 5446
11. Pahtavuoma® Kittils Au, Cu Outokumpu Finnmines Oy 28 501 — 800
Malmikaivokset 11 kpl Yhteensi 9095532 | 4734588 97 336 433 679 915
Kalkkikaivokset
1. Parainen Parainen Kik Oy Partek Ab 1 568 423 1391 793 23 2 23 42 687
2. Thalainen Lappeenranta Klk, Wol Oy Partek Ab | 467 360 1 035 810 20 — 20 34 500
3. Tytyri Lohjajarvi Klk Lohja Oy Ab 551011 551011 40 40 64 298
4, Ruokojirvi Kerimiiki Klk, Dol Louhen Kalkki 339940 326 364 — 15 15 25153
5. Mustio Karjaa Klk Lohja Oy Ab 322 866 222018 6 — 3 11494
6. Ryytimaa Vimpeli Dol Nordkalk Oy Ab 191 778 145109 4 — 4 6 796
7. Sipoo Sipoo Klk, Dol Nordkalk Oy Ab 178 573 178 573 — 16 16 24 640
8. Vampula Vampula Dol Nordkalk Oy Ab 161 546 114 887 6 -— 3 10515
9. Forby Sarkisalo Kk K. Forsstrém Ab 160 076 153 863 — 15 ] 15 22 578
10. Siikainen Siikainen Dol Nordkalk Oy Ab 157 862 154 415 4] — fi 16 048
1. Siivakkala Vampula Dot Nordkalk Oy Ab 76 769 21635 1 — 1 2150
12, Kalkkimaa Tornio Dot, Kv Saxo Oy 76 D07 76007 1 — 1 2 000
13. Vesterbacka Vimpeli Dol Nordkalk Oy Ab 28 424 9 367 — — —_ 592
14, Ahola Varmo Dol Louhen Kalkki Oy 20937 20937 — — — 480
15. Paltame Paltamo Dol Juuan Dolomiiitikalkki Oy 10 000 10 000 1 — 1 1100
16. Juuka Juuka Dol Juuan Dolomiittikalkki Oy 8000 8 000 1 — 1 900
Kalkkikaivokset 16 kpl Yhteensi 5319577 | 4419789 68 88 157 259931
Mineraalikaivokset
1. Siilinjirvi Siilinjarvi P, Klk Kemira Oy 9091069 | 6832805 82 — 82 145 474
2. Lahnaslampi Sotkamo Tik, Ni Finnminerals Oy 809 978 370567 10 —_ 10 16 720
3. Horsmanaho Polvijirvi Tik, Ni Finnminerals Oy 458 431 307 987 4 — 4 3010
4. Lipasvaara Polvijirvi Tik, Ni Finnminerals Oy 320 327 115 800 8 — B 15 647
5. Tulikivi Juuka Vuolukivi Svomen Vuolukivi Oy 177 053 47 253 24 — 24 33000
6. Kemid Kemis Ms, Kv Lohja Oy Ab 149 950 116912 4 — 4 6 460
7. Kinahmi Nilsig Kv Lohja Oy Ab 146 729 143 619 2 — 2 3300
8. Uutela? Sotkamo Tlk, Ni Oy Metra Ab 59 894 40 894 10 - 10 1400
9. Nunnanlahti Juuka Vuelukivi Nunnanlahden Uuni Oy 54770 19030 9 — 9 % 080
10. Vartsila Nilsid Kv Lohja Oy Ab 13 000 13 000 — — — 120
Mineraalikaivokset 10 kpl Yhteensd 11281 208 8 007 867 153 239 211
Muut kaivokset; Yuorivillan ja sementinvalmistuksen kiviaineksia
1. Ybbernis Parainen Al, Fe, Mg Paroc Oy Ab 121 299 — 5700
2. Natrimild Imatra Al Fe, Mg Paroc Oy Ab 51147 51147 326
3. Mustamiiki Lemi Al, Fe Qy Partek Ab 19 240 19 240 170
4. Kunrmanpohja Joutseno Al, Fe Paroc Oy Ab 11 353 11353 148
5. Sallittu Suomusjirvi Al, Fe, Mg Paroc Oy Ab 10428 — 600
6. Kiarnd Savitaipale Al Fe Paroc Oy Ab 53311 5311 210
7. Metsidsianniemi Kiiminki Al, Fe Paroc Oy Ab —_ 33136 4 000
Muut kaivokset 7 kpl Yhteensd 218778 120 187 7 11 154
Kaikki kaivokset 44 kpl Yhteensé 25915088 | 17 282431 750 1190211

" 1oiminta piittyi
 koelouhinta
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Rikasteiden, metallien, mineraalien ja sementin tuotanto

1990 1991 1992
Rikasteet tonnia
Rikkirikaste 671 661 724 114 652 907
Kromirikaste, palarikaste ja valuhiekka 489 265 458 018 499 305
Fe-pasute, Siilinjarvi
ei kdyttd4, varastoitu 233 000 203 000 225000
Nikkelirikaste 135 397 121 259 135 200
Sinkkirikaste 99 084 107519 59 545
Kuparirikaste 52449 43 883 37397
Lyijyrikaste 4104 2938 908
Metallit ja metallurgisia tootteita tonnia
Raakateris 2 860 500 2 890 000 3076 824
Raakarauta 2 283 000 2 331 500 2451518
Jaloteris {aihiot) 226017 258 200 321 738
Ferrokromi 156 518 190 000 187 130
Sinkki 174 923 170 389 170 523
Katodikupari 65 103 64 433 70 948
Katodinikkeli 16 882 13 847 14 781
Kadmium 569 592 590
Koboliti 333 266 233
Elohopealkg 140972 74 000 85 000
Hopea/kg 28 508 30322 27 168
Seleeni/kg 31 160 35210 30 040
Kultaskg 1813 2240 1600
Mineraalit tonnia
Kalkkikivi yhteensa 4 753 600 3864 300 3191 10¢
Kalkkikiven kiyt1o '
— Sementin valmistus 2 397 000 1 714 000 1 554 200
— Maanparannuskalkki 1269 000 1 119800 796 300
— Kalkinpeluito 439 000 396 600 363 600
— Rouheet, tekn javheet ym. 648 600 633 900 477 Q00
Apatiiti 546 134 472 459 554722
Talkki 385207 360 790 370 873
Kvartsi 276 373 200 987 169 071
Vuorivillakivi 153 000 124 400 181 500
Maasilpi 32630 53337 47 470
Vuolukivituotteita 33570 30583 31932
Wotlastoniitti 29 570 27 844 27 842
Kiillerikaste — 4693 5134
Sementti tonnia 1 666 600 I 324 000 1 128 600
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Patamaenkatu 7, PL 824, 33101 Tampere
Puh. (931) 2666 500, fax (931) 2666 367



Imatran M-teriikset

ovat ylivoimaisia
tydstdssa kuin tyostossa

METRA

KANSAINVALINEN SUOMALAINEN
TEOLLISUUSKONSERNI

Liikevaihto 12 mrd mk
Henkilésto 16 000

WARTSILA DIESEL

SANITEC
ABLOY SECURITY
IMATRA STEEL W7 IMATRA STEEL
LOHJA CARAVANS Imatran Terastehdag Myyntl katimaahan Markkinelnnin tekninen tukl
CIMCORP e iR, 'I'E:iméiéﬁgééé (S

KULTAA
HOPEAA PRONSSIA

kaikilla palleilla
meidin tuotantoa

OQUTOKUMPU HARJAVALTA METALS OY

HARJAVALLAN TEHTAAT KUPARIELEKTROLYYSI
29200 HARJAVALTA PL 60 28101 PORI
Puhelin (939} 358 111 (939) 626 6111

Telefax (939) 358 239 (939) 626 5312




[ PALVELUHAKEMISTO

GEOALAN PALVELUJA

PUMPPUJA

Palvelemme ja suoritamme geoalan tutkimusta kentilli
ja ajanmukaisissa laboratorioissamme.

Geologian tutkimuskeskus

Puh. 90-46931
Fax. 90-462205

Betonimichenkuja 4
02150 ESPOO

Ay WARMAN INT. SCANDINAVIA OV
W Mariankatu 16 B, 15110 LAHTI
Puh. 918-7527073 Fax 918-7527103

Kuluttavien ja sydvyttavien nesteiden pumput
— Kaivosteollisuudelle

- Metallurgiselletecllisuudelle

— Kemianteollisuudelle

KALLIOPORAT

% Boart Oy

Makasiininkatu 2 70620 KUOPIO
Puh. (971) 2625 252

LOUHINTAA JA KIVENJALOSTUSTA

—

’ MACHINERY OY
LOUHRINTA JA KIVENJALOSTUS

Ansatie 5, 01740 Vantaa, PL 56, 00511 HELSINKI, puh. 80-89 551

.

LAMPOKASITTELYTEKNIIKKAA

HYODYKSES| =~
SARLIN =

) Postiosoite: OY E. SARLIN AB, PL 750, 00101 HELSINKI
Vaihde: {90) 504 441 « Fax: (90) 563 3227 » Telex: 124771, 121894 esarl sf

MITTALAITTEITA

@ FINNPROSPECTING Ky

Palotie 25 02760 Espoo pun 90-8057388 fax 980-8057550

— TARINAMITTAREITA réijdytysten valvontaa
— KALTEVUUSMITTAREITA kairausreikien mittaukseen

MURSKAUSLAITOKSIA

MURSKAIMET - SEULAT - SYOTTIMET
KULJETTIMET - MURSKAUSLAITOKSET

Jokomo

Lokomonkatu 3

PL 3086, 33101 TAMPERE

Puh. 931- 501 111

Telefaxit:

myynti 931-501 207

kulutus- ja varaosat 931-501 400

SUODATINKANKAITA

N TAMFELT

Tamfelt Oy Ab, Suodatinkankaat
PL 427, 33101 Tampere
Puh. (931) 639 111, Telefax {831) 639 608

TERAKSEN VALMISTUSTA JA JATKOJALOSTUSTA

@ RAUTARUUKKI

Helsingin konttor Oulun keskuskontter
PL 860 (Fredrikinkatu 51-53)
00101 HELSINKI

Puh. (90) 680 81

Telefax (90) 680 8288

PL 217 (killakiventie 1)
20101 QULY

Puh. {9877 327 T11
Telefax (981) 327 506

TERASTA
(¢ unpEHOLM
Tyékaluterdkset
Erikoisterdkset

Puf. (90) 553 166, Telefax (90) 565 2383

TUTKIMUSPALVELUT

O OUTOKUMPU MINING SERVICES

ENR  GEOANALYTTINEN LABORATORIO

Mineraali- ja alkuaineanalytiikka
Materiaali- ja mineraalitutkimukset

PL 15, 83501 OUTOKUMPU puh. 973-5561 fax 973-556610

TUTKIMUSPALVELUT

MALMIEN HIENONNUS JA RIKASTUS

Laboratorio- ja koetehdastutkimukset
Prosessimineralogia: mineraalien kuva-analyysi

v MINERAALITEKNINKAN LABORATORIO
1m Tutkijankaty 1 83500 OUTOKUMPU
Puh. 973-5571  telefax 973-557 557

TUTKIMUSURAKOINTIA

SUOMEN MALM CY

Vuodesta 1935
* Malminetsintd
* Rakentaminen
PL 10 02921 ESPOO

* Kaivokset
* Ympiristd
PUH 90 - B33 2422 FAX 90 - 833 3010

VENTTHLEITA, LAMMONSIIRTIMIA

VENTTIILIT
SALO, p. 924-312991
Fax 924-331505

HOGFORS

LAMMONSIRTIMET
HEINOLA, p. 918-155270

Fax 918-153209




Cut Dewatering Costs
By Up To 70%

[Larox Pressure Filters Give You:

* Up to 94% dry cake; clearer filtrate; 99% cake washing efficiency
* Fully automatic operation; no operator required; PLC control

* All hydraulic power; fewer moving parts

* Guaranteed cake discharge, even with sticky cake

* Handles up to 150 dry tonnes per hour in a single unit

Fax this to us, and the nearest Larox representative
will contact you. Our fax is: (int)+358-53-588 277.

Separates the best _I\_'_ﬂ"w
from the rest Title
Company
: e PO B . Address
arox Oy, PLO. Box 29, FIN-53101, . .
N Zip: Country:

Lappeenranta, Finland
Tel. +358-53-5881, Fax +358-53- 588277 lelephone: Fax:
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Vuorimiesyhdistys — Bergsmannaforening ry:n
tutkimusselosteet, kirjat ja julkaisut

Koulutus- ja seminaarimonisteet, kalliomekaniikan

Tutkimusselosteet: sarja A

A 9 ”Rikastamoiden jitealueiden jirjestely Suomen eri kai-

voksilla”

10 ”Kuilurakenteet

20 Rikastamoiden instrumentointi”

22 "Tulenkestdvit keraamiset materiaalit”

24 Kaivosten ja avolouhosten geologinen kartoitus

25 ”Geofysikaaliset kenttity6t I — Painovoimamittaukset”

27 7Kallion rakenteellisten ominaisuuksien vaikutus louhit-
tavuuteen”

32 ”Seulonta”

34 “Geologisten joukkondytteiden analysointi”

36b Pakokaasukomitea — uusimpien julkaisujen sisdltimat
tutkimustulokset dieselmoottorien saastetuoton vihents-
miseksi”

39 ”ATK-menetelmien kidyttd kallioperdkartoituksissa”

42 ”Kaivosten tyoympiristo”

47 “Murskeen varastointi talviolosuhteissa”

50 “Kaukokartoitus malminetsinnissi”

52 ”Suunnattu kairaus”

53 7Kivilajien kairattavuustuokitus”

54 ”Nykyaikaiset murskauspiirit”

55 ”Murskaus- ja rikastusprosessien asettamat tekniset olo-
suhdevaatimukset Suomessa”

56 "Polyntorjunta kaivoksissa”

57 Palontorjunta kaivoksissa”

58 ”Paikan ja suunnan médritys geofysikaalisissa tutkimuk-
sissa”

59 “Utveckling av seismiska metoder for geologiska och
bergmekaniska undersokningar”

60 “Holvautuminen purkumenetelmét”

61/1 “Rakeisen materiaalin kosteuden mittaus”

62 “Luettelo Suomessa olevista ja tinne helposti saatavista
clementtiohjelmistoista”

63 ”Avolouhoksen seindmin kaltevuuden optimointi”

64 ”Suomessa tehdyt kallion jénnitystilan mittaukset”

65 Kiintoaineen ja veden erotus”

66 “Pohjavesikysymys kalliotiloissa”

67 “Crosshole seismic investigation”

68 “Automation of a drying process”

69 “Rakeisen materiaalin jatkuvatoiminen kosteuden mittaus”

70 “Happamien ja intermediaaristen magmakivien kivilaji-
midritys paialkuainekoostumuksen perusteella”

71 Kallion tarkkailumittaukset”

72 ”Elementtimenetelmien kiytt6 kaivostilojen lujuuslasken-
nassa”

73 ”Crosshole seismic method”

74 ”Pélynerotus ja ilmansuojelu”

75 “Heikkousvyshykkeiden geofysikaaliset tutkimusmene-
telmat”

76 Teollisuusmineraaliesiintymien raakku- ja malmi-
tyyppikartoitus geofysikaalisten menetelmien avulla”

77 “Kaivosten jitevedet, kiinteit jitteet ja ympiristonsuojelu”

78 ”Suomen kaivokset ja ympéristdsuojelu”

79 “Kaivosten kiinteiden jétteiden ja jéitevesien kisittely —
Ohjeita ja suosituksia”

80 “Hienojen raeluokkien rikastus”

81 "Measurement of Rock Stress in Deep Boreholes”

82 ”Avolouhosseindmien puhdistus”

83 ”Economical Blasting in Open Pits”
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84 Niytteenotto ja havainnonteko kaivosteknisten kallio-

ominaisuuksien selvittelyssi”
”Mineralisaatioiden luokittelu taajuusalueen
spektri-IP-mittauksia kdyttimalla”

86 “Kalliokaivojen paikantaminen”

87 Syvisihkoiset malminetsintimenetelmit”

88 “Suomen nikkelimalmien petrofysikaaliset ominaisuudet.”
89/1 Niytteenotto jauheista”

89/I1"Naytteenotto jauheista”

91 ”Panostuksen mekanisointi ja automatisointi”
92 ”Painevalssimurskain — kirjallisuusselvitys”
93 ”Kallioperiin atmogeokemiallinen tutkimus
Testiprojekti 1989-90”
94 ”Geological waste rock dilution”
95 ”Mineraalipsiyt”
96 “Pohjoismainen datamalliprojekti”
97 “Maimiarvion laatiminen”
98 ”Uuden murskaus- ja kuljetusteknologian soveltaminen
avolouhintaan.”
A 99 “Termisen infrapunakuvauksen kiyttdmahdollisuudet
geologisiin tutkimuksiin Suomessa”
A 100 "Geologiset ympiristovaikutukset
kalliotilojen louhinnassa”
A 101 “Vuoriteollisuus 2000 — teknologiaohjelma”
A 102 “Geokemian ja geofysiikan kompleksitulkinnat”
A 103 “Kuva-analyysi rikastumismineralogiassa”
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pilivien esitelmiimonisteet sekii muut julkaisut: sarja B
"Kalliomekaniikan paivit 1967-78, 1983-84 a 50,—
12 “Kalliomekaniikan sanastoa” 10, —
14 “Kaivossanasto” 8, —
16  INSKO 106-73 "Terdsten lampokisittelyn erikoiskysy-
myksid” 45,—
17 INSKO 49-74 Skinkmetallurgi-Senkkametallurgin” 45,—
18  INSKO 90-74 "Investoinnit ja kiyttolaskenta metallurgi-
sen teollisuuden toiminnan ohjauksessa” 45,—
19 INSKO 45-75 "Materiaalitoimitusten laadunvalvontaky-
symyksid metalliteollisuudessa” 45,—
23 “Laatokan-Perimeren malmivyohyke” 40,—
25 Raakkulaimennus ja sen taloudellinen merkitys kaivos-
toiminnassa” 50,—
27 . “Uraaniraaka-ainesymposiumi” 50,—
29 “Kaivos- ja louhintatekniikan kisikirja” loppuunmyyty
30 ’Teollisuusmineraaliseminaari” 50, —
32 Valtakunnallisen geologisen tietojenkiisittelyn kehitti-
misseminaari” 50, —
37 ”Kaivoskohteiden urakkasopimusjirjestelmi” 50,—
38 Tuotantomineralogian seminaari 16.1.1986™ 60, —
39 “Maanalaisen louhintatydmaan sihkoistys ja automaatio™ 100, —
40 Vuorimiesyhdistyksen tutkimusselosteen kirjoitusohjeet” —
41 ”Mineraalitekniikan tutkimuksen valtakunnallinen kehit-
timisohjelma 1988~ 50,—
42 "Malminetsinnén tehtivi ja tarkoituksenmukainen
organisointi Suomessa yhteiskunnan ja vuoriteolli-
suuden kannalta™ 30,—
B 43 “Mineraalisten raaka-aineiden tarve ja saatavuus Suomes-
sa” loppuunmyyty
B 44 “Kalliotekniikan tutkimus- ja kehitysohjelma” 50,—
B 45 “Kairaus -89 koulutuspiivit” loppuunmyyty
B 46 “Kalliomekaniikan piivd 89” 80, —
B 47 “Suomalainen kivi — rakennuskivipéivit Oulussa
26.—27.4.90” loppuunmyyty
B 48 Kalliomekaniikan piivd 1990” 120,—
B 49 “Tuotantomineralogian seminaari 1990” 100,—
B 50 “Geokemian pdivit Oulussa 28.—29.11.90” loppuunmyyty
B 51 “Suomen kallioperin kehitys ja raaka-ainevarat”
Oulu 1.-2.10.1992 100, —
B 52 ”Fragmentointiseminaari 7.—8.11.90” 50,—
B 53 “Malmiarvioseminaari 26.11.92” 100,—
B 54 ”Itd-Suomen kultaesiintymiit,
Ekskursio-opas 28.—29.9.93” 80,—

Vuoriteollisuus — Bergshanteringen-lehden vanhempia numeroita myy-

tivana

vuosikertojen tiydennykseksi jidsenille hintaan 2,50/numero.

Julkaisuja ja lehtii voi tilata yhdistyksen rahastonhoitajalta Kkirjallisesti
osoitteella:

Vuorimiesyhdistys — Bergsmannaforeningen r.y.
¢/o Outokumpu Oy/M. Parkkinen

PL 280, 02101 ESPOO

tai telefax 90-4213888

LuK Marjatta Parkkinen hoitaa Vuorimiesyhdistyksen jidsenre-
kisteria. Mikili osoite, tehtidvit tai vakanssi on muuttunut, pyy-
ddmme lahettdmiin muutosilmoituksen kirjallisena siind muo-
dossa, jossa haluatte sen “Uutta jdsenistd” palstalle.

Os.: Vuorimiesyhdistys-Bergsmannaforeningen r.y.
c/o Outokumpu Oy/M. Parkkinen
PL 280, 02101 ESPOO
tai telefax 90-4213888

NatK Marjatta Parkkinen skéter om Bergmannaf6reningens
medlemsregister. Om er adress, arbetsuppgifter eller tjinst har
dndrats, anhéller vi om skriftlig andringsanmilan, till "Nytt om
medlemmarna” spalten.

Adr.: Vuorimiesyhdistys-Bergsmannaféreningen r.y.
c/o Outokumpu Oy/M. Parkkinen
PB 280, 02101 ESBO
eller telefax 904213888




ILMOITTAJAT — ANNONSORER

@ ALGRAPHICS Oy

@® BOART Oy

@ FINNPROSPECTING Ky

©® FUNDIA AB

® GEOLOGIAN TUTKIMUSKESKUS

® HOGFORS, Sento Oy

@ IMATRA STEEL Oy Ab

@ INSKO — AEL

@ LAROX Oy

® LOKOMO Oy

@® MACHINERY Oy, Louhinta ja kivenjalostus

® METRA Oy

@ OUTOKUMPU HARJAVALTA METALS Oy

@® OUTOKUMPU MINING SERVICES OY,
Geoanalyyttinen laboratorio

©® OUTOKUMPU TECHNOLOGY Oy

@ PARTEK MINERALS Oy Ab

@ RAUMA Oy, Nordberg Group

® Oy ROLAC Ab

® Oy ROXON Ab

® Oy E. SARLIN Ab

® SUOMEN SANDVIK Oy

® SUOMEN MALMI Oy

® TAMFELT Oy Ab

® TAMROCK Oy

® Oy TRELLEX Ab

® Oy UDDEHOLM Ab

® VALMET AUTOMATION Oy

® VALTION TEKNILLINEN TUTKIMUSKESKUS,
Mineraalitekniikan laboratorio

® VIHTAVUORI Oy

® VMY-BMF

©® WARMAN INTERNATIONAL SCANDINAVIA Oy

OHJEITA KIRJOITTAJILLE

Lehden painatuskustannusten pienentadmiseksi ja ulkoasun yh-
tendistamiseksi kirjoittajia pyydetdan noudattamaan seuraavia
ohjeita:

Késikirjoitukset on kirjoitettava koneella yhdelle puolelle arkkia
2-valilla. Otamme myos pc-disketting kirjoituksenne. Silloin pyy-
damme liittdmaén mukaan yhden paperikopion. On pyrittdva
lyhyeen ja ytimekkéadseen esitystapaan. Artikkelien suositelta-
va enimmaispituus kuvineen, taulukkoineen ja kirjallisuus-
viitteineen on 4 painosivua. Toimituksen mielestd lyhennetta-
viksi mahdolliset kasikirjoitukset palautetaan kirjoittajille korja-
usta varten. 3 konekirjoitusarkkia = noin 1 sivu.

Padotsikot ja alaotsikot erotetaan toisistaan selkeésti.

Kuvat ja taulukot numeroidaan jatkuvasti ja niiden tekstit seké
naiden englanninkieliset kdfinnokset kirjoitetaan erilliselle ar-
kille. Kuvien olisi mahduttava yhden palstan leveydelle (85 mm),
mutta ne on piirrettava vahintdan kaksinkertaiseen kokoon otta-
en viivapaksuuksia ja kirjainkokoja valittaessa huomioon pie-
nennyksen vaikutus. Kuvia ei varusteta kehysviivoin. Kuvien
paikat on merkittavé kasikirjoitukseen. Kuvien ja piirustusten
tulisi mieluimmin olla mustavalkoisia.

Kaavat ja yhtdlot on kirjoitettava selvésti ja yksinkertaiseen
muotoon, mahdollisuuksien mukaan vélttden ala- ja yldindeksi-
en, erikokoisten merkkien ja vieraiden kirjainten kayttda. On
kéytettava Sl-yksikoita.

Kirjallisuusviitteet numeroidaan jatkuvasti / / sulkuihin tekstis-

s4 ja esitetdan lopussa seuraavassa muodossa:

1. Jdrvinen, A., Vuoriteollisuus — Bergshanteringen, 34 (1976)
35—39.

2. Kirchberg, H., Aufbereitung bergbaulischer Rohstoffe, Bd 1.
Verlag Gronau, Jena 1953.

Jokaiselle artikkelille on ilmoitettava englanninkielinen otsik-
ko seka laadittava kielellisesti tarkistettu englanninkielinen yh-
teenveto — summary — pituudeltaan enintdén noin 20 konekir-
joitusrivia.

Palauttakaa aina kasikirjoitus yhdessé korjatun oikovedoksen
kanssa takaisin toimitukseen.

Kevaald iimestyvaan lehteen tarkoitetut artikkelit on 1ahetettava
toimitukselle 13.3. mennessé, syysnumeroon tarkoitetut 14.10.
mennessé.

Eripainoksia toimitetaan kirjoittajan laskuun eri sopimuksella.
Eripainoksien minimimé&ara on 100 kpl.
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Fundia Lanka kuuluu Fundia terds-
jolla on tuotantolaito

myyntivhtioitd moni
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astd, Tahinna teelmis, valssi- j ja pre
lankaa seki erikoistuotteita,

Tuotantomme kattaa koko ketjun malmista
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Tuotevalikoimamme on monipuolinen, ja
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Fundian lanka on tulevaisuuden tuote.

FUNDIA LANEA
Dalsbru s Ab, 25900 Taalintehdas
Puh. (925) 61 211, telefax (925) 61 149
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Wear resistance

Trellex specializes in cost-effective
products for the civil engineering,
mineral processing and materials
!1.111L‘l[i|1|t,: industries. With more
than 25 vears' experience of
real-world applications, Trellex
;Ip}“r“n;'l; state-of-the-art polymer

Ei:c]'u‘.uh:g} to develop, manu
facture nad market products that
meet the industry's needs for
higher performance, longer service
life and greater profitability.

For turther information, please contact: Ov Trellex Ab,FIN- 02430 Masala, tel.

Materials handling Screening

TRELLEX TECHNOLOGY
FOR HIGHER PRODUCTIVITY

.

Continuous support, fast deliveries
and up-front service are the
hallmarks of Trellex' long-term
commitment to the mining and
mineral-processing industry.
Based on the state-of-the-art
T.-::c]nm]-:m;_:_!.' and npplic;u[mu
expertise, Trellex products are
used for:

® Wear resistance * Dust and noise
control e Hrl'a‘-;'ning * Grinding

* Marerials f‘]ﬂ.m“ing * Fendering

B#Oulu

Trellex \

#3580 297 6122, fax +358 0 297 7518
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