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Outokumpu Technology Oy markkinoi Outokummun teknologiaa, laitteita ja tietotaitoa 
maailmanlaajuisesti. 

S U O M A L A I S T A  
H U I P P U T E K N I I K K A A  

Tarjoamme edistyksellistä teknologiaa kaivos- 
ja metallurgiselle teollisuudelle, mineraalien 
käsittelyyn ja energian tuotantoon, ympäristön 
suojeluun ja massatavaran käsittelyyn, sekä 
rakennusteollisuudelle Ja pintakäsittelyyn 

Outokumpu Technologyn liikevaihto on lähes 
2 miljardia markkaa. Henkilöstörnme lukurnää- 
rä on noin 3 000, ja yli puolet meistä työsken- 
telee ulkomailla. 

Outokumpu Technologyn muodostavat: 

Outokumpu Mintec 
Outokumpu Engineering 
Rammer 
Roxon 
Candor 
Outokumpu Ecoenergy 

Edustamme kaikki oman alamme huippua. 

0 I outokumpu technology 

2000-luvun louhintaräjähdysaine 
markkinoilla jo vuoden 1994 alusta! 
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alkuperäiset varaosat 
huoltotuki 
koulutus 
huolto- ia kävttöohieet 
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TAMROCK LOADERS 
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TÄRKEÄMPÄÄ 

Sandvik laatuajatlelu on enemmän 
kuin vain ylivoimainen kestävyys 

Porauksen iskudynamiikan ja metallien 
syvällinen tuntemus on pohja, jolle ra- 
kennamme Sandvik Coromant kallio- 

porien ominaisuudet ja korkean laadun. 

Sandvik porakalustolla teet suoraa 
reikää 

Porakaluston kehittämisessä reiän suo- 
ruus on yksi tärkeimmistä tekijöistä. Suo- 
ra reikä merkitsee Sinulle selvää säästöä 
parantuneen poraustarkkuuden ansiosta. 

Pääset vähemmällä työllä tulokseen ja 
samalla parannat työturvallisuutta. 

Sandvikin porakalusto on nopea 
Kalliin tuotantoketjun tehokas käyttö on 
tuottavuuden perusta. Poran hyvä tun- 

keutuvuus on tässä keskeinen tekijä. 

PÄÄSTÄ 

Sanvik Coromant kalustolla teet 
työt nopeammin ja tuottavammin. 

Sandvikin porakalusto on Iuo- 
tettava 
Porakaluston luotettavuus on työn 
häiriöttörnän jatkumisen avain. 
Sandvik Coromant kalustoon voit 
luottaa. Saat urakkasi valmiiksi 
ajallaan porauslaitteita tarpeetto- 
masti rasittamatta. 

Sandvik Coromant poraka- 
lustolla teet taloudellisimmat 
metrit 
Laske, mitä poraamasi metrit 
maksavat. Sandvik Coromant po- 
rakalustolla teet kokonaisuutena 
taloudellisimmat rnetrit. 

Suomen Sandvik Oy 
PL 52, 01611 Vantaa, Puh. (90) 870661 



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 i t  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 a result of the rapid growth in the number of members. 
in 195 1 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. Closecontacts 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 i n  very practical ways, especially in 
research and education. We have had in particular a wide range 
ofjoint 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 Luleå. 

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, frorrl 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 lias 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 development regions. The pace of investment 
in the metallurgical industry has been really fast i n  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 i n  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 oiir 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 for equipment manufacturers, as well as the tough, construc- 
tive criticism need for exporting. Several development projects 
linked to extensive technology progranitnes 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 t o  
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 

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 speciali~ation in the founda- 
tioiial stage of studies is now spreading to Finland, but the 
problems i t  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. 

D e a r  g u e s t s  

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. 
I t  also shows that the industry is still very much alive and well. 
On th i<  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 i n  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 Viiinii Viilup. Welcome to this 
gathering of mining engineers. I trust you'll feel at home here. 

I would especially like to welcome our speak 
leading international experts in the field. Thank yo 
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 
jiisentä kiisittäväksi henkiliiyhdistykseksi, jossa on edustettuna 
kaikki vuoriteollisuutta edustavat teknilliset erikoisalat. Vuori- 
teollisuuden nopea kasvu ajoittuu lähinnä 1950-60 luvuille, 
,jolloin avattiin useita uusia kaivoksiaja niiden raaka-ainevaro- 
jen varaan .jatkojalostuslaitoksia. Jatkojalostus on edelleen kas- 
vanut ja  se kiiyttiiä nykyliiii j o  piiiiosiltaan ulkomaisia rikasteita 
j a  raaka-aineita. Vuoriteollisuus on perusteollisuutta, jossa ol- 
laan rohkeasti uusien itsekehitettyjen prosessien avulla ennak- 
koluulottomasti ratkaistu jatkojalostuksen ongelmat käyttäen 
apuna tekniikan ja  tieteen viimeisimpiä sovellutuksia. Vuorite- 
ollisuuden alalla on erityisen tärke tiivis poikkitieteellinen 
yhteistyii alan eri ammattiryhmien välillä, joka on osaltaan 
johtanut kansainviilisen kilpailukyvyn kannalta arvokkaaseen 
kokonaisvaltaiseen ajattelutapaan ja teknisiin ratkaisuihin. Yh- 
distys on omalta osaltaan pyrkinyt kaikin käytettävissii olevien 
keinojen avulla edistiimäiin alan kehitystä. Ansio yhdistyksen 
elinvoimasta ja aktiivisesta toiminnasta lankeaa sen jäsenistölle 
ja  aivan erikoisesti toimihenkiliiille. Vuorimieshenki on kuvas- 
t u n u t  ja kuvastuu edelleen yhdistyksen kaikesta toiminnasta. 

66 



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 20million tons a year. against only 1-2 million 
in the 1940s. Credit for the increase goes to the painstaking work 
of the skilled Finnish engineers specialized in the field. I n  the 
past few decades, mining, metal-making and dressing of mine- 
rals have greatly contributed to the increase i n  our national 
welfare. In those days, building of mines in outlying arens ofthe 
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. I t  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 
i n  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 a s  
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 i n  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, itdoesnotapplyasyet.Theentryintoforcewil1 take 
place simultaneously with our joining in the European Econo- 
mic Area. 

I 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 
i n  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 Sodankylä. 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 ofthe mining industry. I am glad 
to note in this context the publication of the ”Mining Industry 
2000”, a technology programme piloting us into the future, 
which has been jointly drawn up by this association and the 
industry. 

It is 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. 

67 



Kauppa- ja teollisuusministeri Pekka Tuomiston tervehdyspuhe 
Vuorimiesyhdistyksen 50-vuotisjuhlakokouksessa 19.3.1993 

Marina Congress Center Helsingissä 19. maaliskuuta I993 

Vuorimiesyhdistyksen perustaminen 50 v sitten oli rohkea ja  
kauaskantoinen toimenpide aikana, jolloin maa kamppaili mit- 
tavien ulkoisten vaikeuksien kanssa. Vuoriteollisuus lähti 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. T imä on saavutet- 
tu suomalaisten vuorimiesten taitavalla ja sitkeällä ~i~irastuksel- 
la. Kaivostoiminnalla sekä metallien valmistuksellaja mineraa- 
lien jalostuksella on ollut menneinä vuosikymmeninä oma mer- 
kittävä vaikutuksensa hyvinvoinnin lisäämisessä. Kaivosten 
syntyminen syrjäseuduille oli menneinä vuosikymmeninä luon- 
tevaa ja edullista kehitysalue- ja  työllisyyspolitiikkaa. 

Teollisuuden kehitysedellytykset ovat noista ajoista varsin 
oleellisesti muuttuneet. Tulevaisuutemme on entistä enemmän 
tiedon, taidon ja  osaamisen vara . Pyrimme luomaan teolli- 
suuteen puun ja metallin lisäksi kolmannen tukijalan, joka 
perustuisi pitkiille kehitettyyn teknologiaan ja maailmanlaajui- 
siin markkinoihin. 

Samalla on kuitenkin pidettävä huolta perinteisistä teollisuu- 
denaloista. Myös niiden tarvitsemaan teknologiaan on panostet- 
tava ja  parannettava muita kehitysedellytyksiii. Esimerkiksi 
vuoriteollisuudessa metallien valmistus tarvitsee runsaasti ener- 
giaa kilpailukykyiseen hintaan. Tämän johdosta vireillii olevat 
ydinenergiaratkaisut ovat vuoriteollisuuden toiminnalle ja suun- 
nitteilla oleville laajennuksille merkityksellisiii. 

Tämän alan tietotaidon lisäiimisessä ovat luonnollisesti geo- 
logian tutkimuskeskus sekä korkeakoulujen tämän alan laitok- 
set keskeisessä asemassa, Lisäksi julkisella rahoituksella sekii 
kauppa- ja teollisuusministeriön että TEKESin kautta on tuettu 
vuoriteollisuuden tutkimushankkeita. Perinteisesti kauppa- ja 
teollisuusministeriö on tukenut prosessin alkupäätä malminet- 
sintää. Valtio osallistuu rahoituksellaan mm. kaivoksen auto- 
matisointiohjelman, rikastusprosessin teknologiaohjelman sekii 
metallurgisten prosessien energiasiiästöohjelman rahoitukseen 
yhteisesti teollisuuden kanssa. Kun osapuolena on luotettava 
vuoriteollisuus on ollut helppoa osallistua valtion rahoituksella 
näihin tutkimushankkeisiin. 

Kaivostoimintaa säätelee kaivoslaki, jonka tarkoituksena on 
kaivostoiminnan edistäminen. Kaivoslain oikeuksien hankki- 
minen on avoin j a  vapaa Suomen kansalaisilleja yhteisöille. 

Ulkomaalaiselle voidaan ja  on myönnetty kaivoslain oikeuk- 
sia valtioneuvoston erikseen antamalla luvalla tapauksissa, joissa 
on ollut kyseessii yhteistoiminta suomalaisen yrityksen kanssa. 
Näistä on saatu myönteisiä kokemuksia. 

Viime vuonna on lainsäädäntöiimme mm. kaivoslakia muu- 

tettu aan ETA:aan liittymisen edellytyksiä. Ulkomais- 
ten o ajoittavaa säänniistä on muutettu niin, että ETA- 
alueella asuvalla henkilöllä ja sellaisella ul komaisella yhteisöl- 
lä, joka on perustettu jonkin ETA-valtion lainsäädännön mu- 
kaan ja  jolla on sääntömääräinen kotipaikka, keskushallinto tai 
päätoimipaikka jossakin ETA-valtiossa, on samanlaiset oikeu- 
det kuin suomalaisella henkilöllä tai yhteisöllä. 

Tämän lisäksi ministeriö voi myöntää harkintansa mukaan 
luvan myös muiden maiden yhteisöille ja  henkilöille varsinkin 
yhteisyrityksille tai vastavuoroisuuden perusteella. 

Edellä selostettu kaivoslain muutos on eduskunnan hyväksy- 
mä, mutta tämä lainmuutos saatetaan voimaan vasta samanai- 
kaisesti ETA:n voimaantulon yhteydessä. 

Toivotan ulkomaiset alan yritykset tervetulleeksi sekä mal- 
minetsintään että kaivostoimintaan. Meillä on viime vuosina 
liiydetty useita kokonaan uudentyyppisiäkin metalli- ja mine- 
raaliesiintymiä. Voidaan katsoa olevan kohtuullisia mahdolli- 
suuksia asiansa osaaville yrityksille saavuttaa myönteisiä tulok- 
sia. 

Uusista tutkimuskohteista mainittakoon esimerkkinä Sodan- 
kylässä sijaitseva Keivitsan nikkeli-kupariesiintyinä, jonka geo- 
logian tutkimuskeskus on viime vuonn ytänyt. Tämän mal- 
miaiheen tutkimukset ovat alkuvaihee. n, joten vielä ei ole 
käytettävissä tutkimukseen perustuvia riittäviä tuloksia tutki- 
muskohteen suuruuden ja keskipitoisuuksien määrittelemisek- 
si. Alustavien tulosten perusteella esiintymä näyttäisi muodos- 
tuvan kooltaan hyvin suureksi ja  laaja-alaiseksi j a  tähänastiset 
tiedot pitoisuuksista näyttävät kohtuullisilta. Suomen kaivoste- 
ollisuuden uusi lippulaiva saattaa olla pian vesillelaskettavissa. 

Tämiin lisäksi myös eräillä yhtiöillä on uusia lupaavia tutki- 
muskohteita. Kaivostoimintaan ja  jatkojalostukseen on perus- 
teltua suhtautua jälleen optimistisesti. 

Suomen vuoriteollisuus on kansainvälisesti tunnettu ja  tun- 
nustettu. Vuorimiesyhdistys ja  sen jäsenistö on merkittävästi 
vaikuttanut vuoriteollisuuden kehittymiseen. Mainittakoon, että 
Vuorimiesyhdistykseltä on yhteistyössä teollisuuden kanssa 
vastikään valmistunut Kaivosteollisuus 2000 teknologiaohjel- 
ma, joka luotsaa tulevaisuuteen. 

Esitän Vuorimiesyhdistykselle, sen jäsenistölleja 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  määrä- 
tietoisella työllä tulevat selviytymään tämän 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 a result, 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 
a nation’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 ofthe 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 apermanent 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 cornpa- 
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 
i n  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 Miikinen. 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. I t  
was not necessary. Mäkinen'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 
that aimed 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 OLII- mines are being depleted. Is the cycle o í  the 
Finnish mining industry drawing to a close'? Is i t  one of those 
inature 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. 

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 andplaying 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 
prodnctr. This is probably no drawback for the Finnish mining 
industry because it is not concerned with consumer goods or 
wlling 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 i t  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 i n  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 ofintensity, 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 siich 
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 material\ 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 i i i  the metallurgical industry as well. For instance, the 
construction of the power plant in Imatra, which was unusually 
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large by contemporary standards, inade i t  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 tlash 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 discuses  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 a s  
well as customers. The various components of a cluster support 
one another and create a multiplier effect. I t  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 ofhiphly 
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 tec hno- 
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 diainond 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 NÄKY MAT 

Perinteisen talousopin mukaan kansakunnan vaurastuininen 
perustuu lähinnä luonnonvarojen, tyiivoiman ja  piiiioman saata- 

v ii LI teen j a hi n taan , V i i nie ai koi n a on herättiin y t ini el en k i in toa 
siitii poikkeava Michael E. Porterin "timaiittiinalliksi" kiteytti- 
inii niikemys. Kymmenen inaan kilpailukykyii tutkittuaan Porter 
painottaa, ett3 kansallista hyvinvointia eri peritä vaan se luo- 
daan. Onnistuminen riippuu ratkaisevasti elinkeinoelämän in- 
novointi- .ja jalostuskyvystä. Yritykset selviytyviit kilpailijoit- 
tensa parissa haasteiden ja paineiden ansiosta. Ne hyiityviit 
voimakkaasti kilpailluista markkinoista. aggressiivisista ali- 
hank k ij oi sta ja  vaati vi sta asi a k kai sta. 

Tiiltii pohjalta Porter piirtäii timanttinsa. Sen neljiinä kärkenä 
ovat ni aan tuotan non te kij iiol o t . kysyn t iiol o t , tuk i  - ja I ä h i al oj en 
yritykset sekii yrityksen strategia. rakenne Ja  kilpailukenttä. 
Niiinii perustekijiit tukevat toisiaan dynaamisessa vuorovaiku- 
tuksessa, mikii ratkaisee yritystenja sit2 kauttamaan kilpailuky- 
vyn. 

Mitkii ovat Suomen vuoriteollisuuden näkymät tämiin mallin 
valos\a? Kysymyksessii oli aluksi "perinniin" varassa kehittyvä 
vaurastuminen. Outokummun kuparimalmi oli poikkeukselli- 
sen arvokas perintii. Sen hyiidyntiiniinen suomalaisin voimin oli 
ratkaisevan tiirkeiiii; Iiihdettiin kilpailukyvyn jatkuvan luoini- 
sen kivi\elle mutta pitkiille vieviille polulle. 

Onko alan sykli piiiitty- 
ijän suhteen tilanne niiyt- 

iraaka-aineiden merkitys on 
t i  osakkuus- ja tytiiryhtiiiiltä 

tai muutoin varmoin toimitussopimuksin. Maan hintakilpailu- 
k y k y  on hyvii. samoin infrastruktuuri j a  tyiivoiman taso. Perus- 
energianäkymiit ovat olleet viime aikoina hiiiritsevän epiivar- 
mat. 

2)  Kysyntiiolot: Kysymyksen ollessa pienestii maasta ja  vuo- 
riteollisuuden kaltaisesta suurteollisuudesta. kotimaisella kil- 
pailulla on merkitystii vain tuki-  ,ja Iiitinniiisaloilla. Vuoriteol- 
lisuutemme kansainviili~tyminen on pitkiillii. mikä on edellyttii- 
ny t  se Iv i y ty in i s t ii avo i mes s a  ki lpai I u ss a. 

3 )  Tuki- .ja Iiihialat: Alaan liittyvien koneiden, laitteiden, 
instrumenttien, maalien. muovien ja rakennusniateriaalien tuo- 
tanto sekii teknologian myynti j a  konsultointi ovat kehittyneet 
hyvin . 

4) Strategia. rakenne ja  kilpailukenttii: Suoinalainen organi- 
sointi- j a  johtainistyyli sopii hyvin perusteollisuuteen. Arvos- 
tamme edelleen saavutuksia sen piirissi. Omanarvontuntoinen 
kilpailuhenki on korkealla. Tehokkuus absoluuttisessa vertai- 
lussa kilpailijoihin niihden on osoitettu. 

Kaikki neljii perustekijää ovat siis alalla varsin hyvin kiiytiis- 
sii .ja vuorovaikutuksessa. Pahin potentiaalinen uhka on viime 
aikoina liittynyt kohtuuhintaisen siihköenergian saantiin. 

Iä malininetsintätaidoissa sekii mekanisoidus- 
autoinatisoidussa rikastustekniikassa. Osaa- 

on turvattu raaka-aineiden 
ottamattomaksi tuomittuja 

kaivoksiakin on otettu menestyksellä käyttiiiin. Prosessimetal- 
lurgian tuotantomme on tehokasta ja  merkittiivin osin omape- 
räistii. Tiimii on johtanut laajaan teknologian ja  laitteiden niyyn- 
tiin. Ne on opittu tiinteinaan kaikkialla maailmassa huipputuot- 
teina. 

Porter puhuu timanttinsa yhteydessii yritysklustereista. Ne 
ovat ryhmiä, joiden sisällä tehdyt tuotteet ovat todennäkiiisem- 
min kansainviilisesti kilpailukykyisiä kuin  ulkopuolella valmis- 
tetut. Ryhmiin osat tukevat toisiaan Ja  synnyttiiviit kerrannais- 
vaikutuksia. Ne ovat kehittyneiden kansantalouksien keskeinen 
piirre. 

ETLA:n tutkijaryhmiin mukaan Suomen klustereita ovat 
metsii-, metalli-, kuljetus-, energia-. telekommunikaatio- ja  
ympäristöteknologia sekä hyvinvoinnin teknologia. "Metal- 
liin" kuuluvat kaivososaaminen, kaivoskoneet j a  -laitteet. pe- 
rusinetalli jajatkqjalosteet erilaisine liitänniiisineen. Ala onkin 
epäilyksittä myös tulevaisuudessa kilpailukykyisten suoma- 
laisten alojen joukossa. Siihen tarvitaan vastaisuudessakin ko- 
timaisia luonnonvaroja. Nyt sellaisina tulee kuitenkin pitiiä 
ensisijaisesti haasteita kaihtamattomia, taisteluvalmiita. inno- 

kaivokxemme ovat ehtym 
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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 ofthe 
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 i t  is obliged to 
support the inining 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 i n  greater detail. i t  is the duty ofthe 
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 i n  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 i n  environmental manage- 
ment. Theimportanceofgeological raw matcrialx 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 

objectives of the search for and ment of raw materials. It 
also underlines the importance logical 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 
forecast 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. 

ited in the standing order ofthe 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 in particu- 
lar, i t  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 \earch 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 nieans 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. I t  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. I t  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 i n  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 
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tlie 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 i n  too subdued a shade. 
Last year the GSF submitted reports t o  the Ministry of Trade and 
Industry on eight mining claims i t  had studied; four were 
inetallic ore deposits and four occurrences of industrial mine- 
rals. The metallic ore deposits were the titanium-iron-\~aniidiLiiii 
deposit at Karhunjupukka. Kolari, the Hangaslampi gold depo- 
sit i n  Kuusamo currently owned by Outokumpu Finnmines Oy, 
the gold occurrences at Osikonmiiki. Rantasalmi. owned from 
the beginning ofthis 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 Kitt i l i i .  
The biggest kaolin occurrences were acquired by Kemira Oy. 

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

The nickel-copper showings iii Sodankylii. particularly the 
multimetal occurrence at Keivitsa. investigations of which are 
still at a very early stage: 

the gold showings in the Kittilii and Kuusamo schists areas; 
the gold showings in the I lomant~i  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 Rant 
iii i : 
a I l  d 
the gold and zinc-copper showing\ i n  the Pirkanmaa area. 
Two targets of industrial mineral studies worth mentioning 

arc the kaolin occurrences at Virtasalmi and the titanium- 
phosphorus occurrences at Kauha.joki. 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. I 
have only mentioned those actually being studied now. The GSF 
can investigate and assess an occurrence it has discovered only 
to it 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 i t  is 
decided whether or not to start production. If the decision is i n  
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  a result. building stone companies 
have stepped up their export efforts. Some success has been 
achieved i n  this area because Finland's competitiveness is good 
in many target countries. More rapid growth would be desirable 
but is 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 
bc strengthened and the position o í  stone consolidated. The 
debate about the type of stone t o  be used on the elevations ofthe 
Finlandia Hall and the indecision of tlie authorities have done 
little to ease the situation. 

Considering the reasearch capacity available and Finland'\ 
raw materials policy, the GSF has made its contribution i i i  

searching for and investigating building stone occurrence!i. The 
work has increasingly been done under contract. Our geologists 

have been acti\rely involved i n  pin-pointing new economic 
material occurrences and also in acquiring new customer\. The 
conventional role of researcher is no longer enough; toda) 
technical and economic skills are also needed. As experts. 
geologists contribute to the vitality of the domestic stone in-  
dustry. In the 197Os, 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 01. 
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 resi\tant t o  
environmental pollution. has been realized (Fig. I ,  2 and 3). 

Fig. 1. Finnish rock presents :I challange to the designer and 
constructor, but is also ;I sourcc of raw material. Espoo railway 
tunnel. The high-quality railway ballast was extracted I'rom 
local rock. 
Kuva l .  Suomalainen kallio, haaste suunnittelijalle ja  r' d k enta- 
jalle, myös raaka-aineliihde. Espoon rautatietunneli. Korkca- 
laatuinen raidesepeli jalostettu paikallisesta kalliosta. 

Fig. 2. The aggregate from this stepped rock at Vantaa w a s  used 
as fill for the adjacent motorway and to some extent also as 
material for the base co~irses of motorway. 
Kuva 2. Tiimiin Vantuulla si,jaitsevan porrastetun kallion ki\ . i-  
aines on kiiytetty viereisen moottoritien täyteaineeksi j a  osin 
tien rakennekerroksiin. 



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 
kestiibi hyvin ilmansaasteet. 

Iii the I’ollowing I will take a brief look at geological resources 
other than those extractable froin the solid bedrock, and their 
availability. 

The biil k, or about 70 5%. of the mineral matter used in Finland 
is extracted from glaciofluvial formations. Nonetheless, the 
proportion of aggregate taken directly froin 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 le\s 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 ol‘the area, According to statistics of the Finnish National 
Road Administration, it uses 30 million in’ of mineral matter i i i  

bulk a year. of which 20 million in’ is from outside the roadway. 
Currently. half of this inineral matter is crushed bedrock aggre- 
gate. accounting for 50 R of all mineral inatter produced in  
Finland: the re\( 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 slightly exceeds the total 
hoist of mines. Crushed rock aggregate has increasing economic 
importance, and at demanding building sites i t  is comparable to 
metallic ores; the material in the wearing course of aroad is road 
ore. 

Gravel and sand derive froin bedrock. froin which they were 
detached by the glacier. The finishing touch. i.e. sorting and 
accumulation. was giben by fluvial processes, flowing water. 
Finland’.; gra\,el and sand resources were assessed in the 1970s. 
re\,ealiiig that the country has 47 billion n1‘ of these materials 
above the groundwater table. However, several factors restrict 
their exploitability, which is why wc 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 product i t 4  value is several billion 
marks (Fig. 3 ) .  

Till. the primary material detached froin the solid rock by 

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 piiäoinaa. (Valokuva Imatralta). 

continental ice. is the dominant soil type in Finland. Tillbearing 
landforins, though, cover a mere 5 % of the land area, and only 
I O % ofthem can beexploited. According to one assessment, the 
volume of extractable till is 7 billion m3. The use o í  till, for 
example, through industrial crusing, is rather modest. less than 
I nlillion in7 a year. 

The ainount of clay that could be used as an industrial raw 
material is estimated to be I O0 billion ni3. 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 t o  a raw material value of about FIM 1 
inillion. Clay is also iised 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 inateri- 
als are of considerable economic significance and, under iiormal 
conditions, both profitable and labour-intensive. In the 1980s. 
more than 60 O00 people were employed in extracting and 
transporting land resources. and alinost 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, consist\ of 
earth and hydraulic structures, i.e. structures made of geological 
material and refined into technological products. These repre- 
sent important nation1 capital in  the forin of geological resour- 

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 O00 
hectares of peat ore - that can be used for energy production. 
The country‘s total peat resource5 amount to 70 billion in’. Our 
peat mires contain over 6 billion tonnes of dry matter. of which 
over 3 billion tonnes is carbon, corresponding to 1 .S c/c 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, I I 700 TWh energy per hectare, and re- 
sources of fuel peat amount to almost 20 billion in’. 

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. I0 inillion m’) on employment was 
2700 inan working years in 1983; the direct effect on einploy- 
ment was 1700 mwy. As fuel, peat ore is energy capital, which 

ces. 
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creates long-term jobs. In 1990, I8 TWh of energy was produ- 
ced from fuel peat. If plans for the future are realized, annual 
peat consumption could increase to 25 million ni’. 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, alid hydrogeology 
is one of the key research and operational sectors of the CSF. 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 .S billion m3. Excluding the 
current use of water, the computational value of groundwater in 
Finland is over FIM S 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 problernatic, 
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-off 
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 wciated industries in Fin- 
land. However, success will not continue indefinitely unless 
sufficient investment is made iii 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 i n  Finland. As far a s  
Finland’s raw materials policy is concerned, i t  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 nietallic ores or other geological 
raw materials, needs to be well versed ih ii wholt: range of 

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 i n  
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. 

I 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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ITEENVETO 

SUOMEN RAAKA-AINEPOLIITTINEN MERKITYS 

Geologian tutkimuskeskuksen (GTK) merkittiivin avaintulos- 
alue on valtakunnallinen raaka-ainehuolto. Geologisesti synty- 
neiden raaka-aineiden merkitys koostuu GTK:n raaka-ainepo- 
liittisessa ohjelmassa. Siinä asetetaan päämäiiriit raaka-aineiden 
etsinniille ja  inventoinnille. Myös siinä osoitetaan geologisen 
raaka-ainepohjan merkitys kotimaiselle teollisuudelle ja  teolli- 
sel le uustuotannolle. Lisiiksi esitetään kehittiimistavoitteet geo- 
logisten raaka-ainevarojen tieto- Ja  tasorekisterille. Rekisterien 
avulla voidaan tehdä ennusteita maankamaran raaka-ainevaro- 
jen riittävyydestii, vuosittaisista kulutusmiiiiristii j a  kriisiajan 
raaka-ainereserveist~~. 

Raaka-ainepolitiikka kytkeytyy raaka-aineita käyttgvään ja  
jalostavaan teolliseen toimintaan. Julkisrahoitteisen GTK:n 
inalininetsintätoiminnan toiminta-ajatuksena on etsiä ja  löytiiä 
mineraalisia raaka-aine-esiintymiii sekä arvioida löytämänsä 
esiintyiniit. Ensisijaisena piiiiinääränä on liiytää sellaisia mal- 
miesiintymiii, joita Suomessa oleva, niineraalisia raaka-aineita 
kiiyttävä teollisuus pystyy taloudellisesti hyödyntämään. Mal- 
ininetsinnällii on mahdollisuus vaikuttaa kansantaloutemme 
kehitykseen positiivisesti. Tästä syystä geologisten raaka-ainei- 
den etsintä8 tulee kaikin tavoin tukea kehittämiillä alan tutki- 
musta ja  teknologioita Ja tehostainalla tutkimuslaitosten. kor- 
keakoululaitoksen ja teollisuuden viilistä vuorovaikutusta yh- 
teistyiilli 



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 I993 

May I first of all congratulate the Finnish Association oPMining 
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 ofthe 
Earth. there has been a surprising amount of interaction between 
the minerals industries i n  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 i n  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- 
pii 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, i n  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 

Wilbur Wright told brother Orville after a disappointing 

"Man won't tly for a thousand years." 
Robert Millikan, Nobel Prize winner in physics i n  1923, 

"There is no likelihood man can ever tap the power 01' the 

Harry M. Warner, head of Warner Bros. Silent Pictures, is 

"Who the hell wants to hear actors talk'?" 
Thomas J. Watson, the head of IBM, forccast confidently in 

"I 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 C o n -  
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 

public servant has proposed the abolition of his office. 

flying experiment in 1901: 

said: 

atom." 

on record in 1927 asking: 

1958: 

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 il short time running out of resources. including 
minerals. Given the assuinptions inade - 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 

ters. accepted the conclusion. There are probably some 
who still believe i t .  

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 1 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 t o  reconvert from oil back to coal". 

I n  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 soine timc. 

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 1 
attempt to speculate on what might happen in the non-ferrous 
metals industry i n  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, vanaditini, 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 
co ni ino n features. 

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

Copper is 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 

76 

I '  Daniel Yergin. The Prize, Simon & Schuster. 1991. 
Lotte Müller-Ohlsen. Non-Ferrous Metals, Woodhead- 
Faulkner in association with Metallgesellschaft AG, 
1981. 



Bronze Age. By comparison the most widely used metal of 
modern civilisation, iron. came on the scene some 5,000 years 
ago. 

On the other end ofthe time scale the commercial production 
of  the inost abundant inetal in  the earth's crust, aluininiuin, is 
onlyjust over 100 years old. But while young in its applications, 
aluminium has quickly become the second niost widely iised 
metal after iron. The commercial use of nickel goes back only to 
the beginning of this century, while titanium inetal was first 
produced i n  a useful form less than 60 years ago. 

ARE NON-FERROUS METALS 
GOING OUT OF FASHION? 
While there are considerable short term variations, the con- 
sumption of  the main non-ferrous metal:, continues to increase 
(Fig. I-S), both in terms of total consumption (including scrap 
and other recycled materials) and consumption of newly iniiied 
me ta Is. 

12,000 

O 3 0  

Fig. 1.  The consumption of copper 
Kuva 1. Kuparin kulutus. 

Fig. 2. The consumption of aluminium. 
Kuva 2. Alurniinin kulutus. 
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Fig. 3. The consumption of lead. 
Kuva 3. Lyijyn kulutus. 
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Fig. 4. The consumption of Linc. 
Kuva 4. Sinkiii kultitii\. 
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Fig. 5. The consumption of nickel. 
Kuva 5 .  Nikkelin kulutus. 

(Lihteet: World Metal Statistich Yearbook 1992 ja World Non-t:erroLi\ Metal PI-oduclion and Price5 1700-1976) 
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Metals Intensity Declining 
While consumption is growing. the western world‘s metals 
i n ten si ty, which measures ni et al con su in p t i on re1 at i ve to Gro 5s 
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 
rever5ed because the consumption of stainless steel, the largest 
use for nickel. has grown at a higher rate than CDP. 

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

1973-1 983 1983-1 991 

Copper 23% 

Zinc 27% 

Lead 26% 

Nickel 25% 

Primary Aluminium 16% 

Tin 43% 

(By Comparison: Steel 

1% 

10% 

12% 

Increase 8% 

3% 

5% 

36% 5%) 

There are differing views on whether metals intensity will 
continue declining in the future. This will certainly occ~i r  in 
mature industrialised economies where services represent a 
growing share ofthe 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 íor infrastructure 
and consumer goods nieanx 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 notcd previously. 
consumption will continue increasing. 

ARE WE RUNNING OUT 
OF NON-FERROUS METALS? 

Cyclic Markets 
Old or young. all non-ferrous inetal\ experience severe fluctii- 
ations in market conditions from time t o  time. There are times 
when supplies are short and prices rise strongly. 

But  instead o f a  prolonged shortage of these metals, the main 
problem has been and continues to  be the periodic oversupply 
which depresse\ prices and makes i t  difficult for producers to 
5ecure 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 

nickel production. there was a world shortage of nickel. Since 
then there has been a downturn of markets in 197 1 and 1972, an 
upturn in I973 and 1974, a downturn from 1975 to 1978, an 
upturn in 1979 and 1980. a severe downturn from 198 I to 1986, 
an upturn from 1987to 1990, and the present downturn since 
1991. 
Iii times of downturn prices often fall below production cost. 

To obtain a satisfactory 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 i t  more difficult to achieve adequate 
average returns. 

With the exception of nickel. the real prices o í  the main non- 
ferrou\ metals have been declining. This has occurred while the 
average grade ofthe 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 LMS: 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 foi- equipment and products t o  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 i n  co-operation with 
Alcoa. will be commercially available this year. I t  will have 
\LI bs t an t i a I I y i i i i  proved fue 1 economy and rec y c 1 ab i I i  ty. 

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- 
t i on re in ai n to be brought i ii t o produc t i on. 

A recent study on copper”. for example. listed in addition to 
I O0 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 s w r c e  of future supplies, di5covery 
of new orebodies remains vital in replacing mines becoming 
worked out and in meeting the growing demand for non-ferrous 
in e tals. 

There is excellent potential for new discoveries. Large parts 
ofthe world, with high potential for mineral discoveries. remain 
virtually unexplored. Exploration technology has made great 
progress, making i t  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 satisfac- 
tory. 
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Lower Economic Grades 
Improved minirig and mineral processing technology and better 
man age in en t are ni ak i ng I owe r and I owe r grade ni i ne ra I i  sat i on 

This is greatly increasing the economically available resources. 
Most bod ies of me ta I 1 i  c in i ne ra I i  sat i on can be di agram mat i  - 

cally represented by a pyramid. The highest grade mineral is 
present in limited quiuitity. equivnlent to the small \olume near 
the tip of a pyramid. As the grade decreases and we inove from 
the tip towards the base, the quantities increase rapidly. The 
lower the grade the larger the quantity available. 

Lowering the economic grade helps to  reduce the dependence 
on new di scover ies. because I o w er grade in i ii era I i  \at i  o ii aro LI nd 
known orebodies becomes ore. 

economic, e V K l l  while real prices Of lllKt¿ils have been falling. 

TRENDS AFFECTING THE FUTURE 

World Population 
The world's population,ju\t over 5 billion in 1988. i \  e\tiinated 
to grow to  around 8.4 billion by the year 2025. This growth will 
have inajor consequences for world demand for minerals. par- 
ticularly due to  the fast growing population i n  the del eloping 
countries and their rapidly iiiipro\ ing educational and living 
standards. 

In I Y88 the inclustrialised countrie\ of the western world 
contained around I6 % of the world'\ population. with develo- 
ping Asia and the Middle East accounting for 57 %. Africa for 
1 1 56. Latin America for 8 %. and the former Soviet Union and 
Easten Europe for the remaining 8 %. 

Between 1 Y70 and 1988 Africa's population grew at 2.7 'k 
per annum compared to  world growth of I .8 (k 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 olonly I 1 %. Africa's \hare is exptected 
to  rise to 1 8 % . 

World Economic Growth 
World Gross Domestic Product in I988 was estimated at SUS I9 
trillion. Ofthis the industrialised world accounted for about 74 
%. developing Asia and the Middle East for iibout 10 % and 
Africa a mere I  1/2 %. 

Over the period of 1970 to 1988 world GDP grew at  around 
3.2 % per aniiit~n, with growth in  the industrialised world at 2.Y 
'% and in developing Asia and the Middle East at around 5.5 % .  

If similar GDP growth trends were to per\ist until the year 
2025, the industrialised world's share of  GDP wo~ild fall to 
about 62  %. that of developing Asia and the Middle East would 
rise to around 22 56. and that of Africa would actually fall t o  
about 1 %. 

Location of Processing Plants 
There is a general trend towards minerals processing being 
relocated in newly developing or industrialising countries. Pri- 
mary a I u m in i u in s me It er product i on i i i  the i II d LI s t ri a I i  sed coil ii t - 
ries of the western world fell from 93 % in I970 to 74 c/c by 1 YY I ,  
whilst copper refinery production fell Ironi 76 (k i n  the indust- 
rialised world in I970 to64 %- i n  I99 1 .  There are various reasoiis 
for this. I n  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, o r  the 
availability of resources, provided the inarket mechanism i \  
allowed t o  function without excessive interference t o  regulate 
supply and demand. The limits will be set by access t o  land, by 

restrictions on development, and by the ability of technological 
progress to  overcome technical. environmental. and economic 
CO n st rai n t s . 

Environmental Constraints 
The minerals industry ha\ an eflect on the environment. a s  have 
all human act¡\ ities. 

The effect of mining is far less than the popular perception. 
Mining affects only a very small proportion ofthe total land area 
- i n  Australia only one fifth of one percent, less than is Linder 
railways and a fraction of the area under roads. 

The tec h i i  i q  Lie\ for re I i  ab i I i t  at i tig i i i  i  ned area\ now ofte ii 
re\tore mined land to a better condition than it  was in before. 
Mining is therefore frequently only a temporary u\e ofthe land. 
which can be used for other purposes before and after mining. 
The most impressive example of this is brown coal mining in 
R h i ne 1 and i i i  Ger i i i  any . 

I i i  A II s t ra I i  ;i t he re ha b i I i t  ;it i  o i i  tec Ii i i  i  q Lie s de ve I oped i i i  the 
mineral industry are increasingly applied to  regeneration of 
clegraded farmland. which i \  ;i rnuch greater and more serious 

M i i i  i  i i  g CO ni pan i e the wor l d o ve r are today tak i i i  g the i r 
re \po n s i b i I i t  ies for e i i  vi ron in e i i  t a I care \'e ry  \er  i  OLI \ I y .  I i i  A LI s- 
triilia. awards and  recognition tor environniental work ai-e being 
won froni respected world bodies. including the United Nations 
and the Wildlife Habitat Enhancement Council. as well as  from 
A II t ra1 i ;ui organ i s at  i  on s . 

In smelting and refining. iiicreasinz environmental restric- 
tions are delaying o r  preventing plans for expansion. and increa- 
sing co\ts. Key issues are emissions. in  particular sulphur 
e iii i ss i  on s . I i i  te rest i  ii g I y. i i i i  prove iile i i  t s i  ii  t ec hno I og y with the 
tnain objective of achieving a \ati\factory return on the capital 
invested often help to reduce emi\\ions. 

As an example, Mitsubishi recently abandoned a proposal to 
construct ;I 200,000 tonnes per aiiiiiitii copper smelter in Texa\. 
which &';IX considered t o  be the m o s t  likely new project to 
relieve the current capacity shortage for that metal. The reason 
wa\ understood to be the delay and difficultie\ in obtaining 
en vi ron men tal perm its . 

To overcoiiie the problem oí' dealing with sulphur dioxide 
e ni is s i on s, an i ii ii ovat i ve hydro in e t al I LI rg ic a I proce s s to produce 
refined copper metal h a s  heen developed at  the E\condida 
pi-o.ject i n  Chile. Ammonia is itsed t o  treat concentrate and the 
metal is recovered by electrowinning. This process is the first to 
apply leaching to a \iilphide ore. The technology is prewitly 
only suitable to particular types of ore. 

I n  the lead indusrty. ii bill is before the US Congress. called 
the t2ead-Based Paint Hazard Abatement Act. which seeks t o  
impose ;i tax of US 75 cents a pound o11 primary lead inetal 
production and imports. with ;i tax of 37 cents per pound on 
\econdary production ;iiid imports. A recent study by the US 
ßureau of Mines e\timatecl that if ii tax of 80 cents per pound 
were introduced. the US domestic lead industry would be 
eliminated entirely, with CO- o r  by-product output of zinc being 
decreased by 87 ' k .  cadmium by 85 ' k .  bismuth by 8Y % and 
\¡Iver by 16 '%. 

I7rOhlKlll i l l  th¿it cOllIltry. 

Access to Land 
The potential for new discoveries is being diminished by the 
trend to exclude increasing areas of pro\pective land from 
ex p I orat i  o ii and ni i  n i  ng. Tak i ng A LI s t  ra1 i  a as an ex amp1 e. the 
Australian Mining Industry Council estiniated i n  1990 that 
about 26 'h of Australia's land area was closed. or difficult of 
access t o  new exploration and mininf. A possible further 22 54 
co~ild move into this category under then current proposals. 

The situation i n  Australia was complicated further by a recent 
High Court decision which has cast in doubt the title t o  large 
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areas of the country. This could well become a very serioti\ 
setback to future development of an industry where security of 
title i s  fundamental to  making the necessary large long term 

The greatest chullenge for  the future is, however. non-techni- 
cal: how to  deinonstrate to the coinmunity that we are working 
i n  their best interests, and that unnecessary restrictions are a 

inve\tment\ in exploration and development 

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

The p rewi t  trend is for such restrictions to increase. 

THE CHALLENGES AHEAD 

Technological challenges will be a s  important in the future as in 
the past. We can never be content with o u r  ability t o  di\cover 
orebodies, mine the deposits. extract the valuable minerals from 
the ore. produce the product\ o u r  customers need. and recycle 
the scrap and used materials. The quest for alway\ doing better 
i s  periiianently with us. 

YHTEENVETO 

EI-RAUTAMETALLI - TULEVAISUUDEN HAASTEET 

Tarkas tell aan runsai si in nu iiierm ,i a t i I a\totietoi Ii i i i  no-j au tuen 
viiden tiirkcimiiiiin ei-I-aLitametalliii: kuparin. alumiinin. lyijyn. 
5 i nk i i i  j a  i i  i k ke 1 i ii k ii 1 u t  i i  s t a _j  ii t tio t an t o i i .  niii de ii I ui h te 1 II a j a se II 
eri 1 ai s i  a s y i tii suh te u t taen viiki I u u n  ~ L I ~ V L I L I I ~ .  maai 1 man talo i i -  

den kehity k\ee ii. y ni piiri s t (iv a i k LI t u k s i i i i  y i i i .  te k i j ii i Ii i i i .  

Tulevaisuuden suurin haaste ei kuitenkaan ole teknii k a s a .  
vaan si in ii k II i ii k a osoittaa i h in i s i I I e. ett ii met a I I in  t uo t t  a.1 at toi iii i - 
vii t he i diin par haa ksee ii .  J a ett ii tarpeet tom at r2i.j o it  LI k se t e i vii t 

b urde ii no t  j us t on the corn pan i e s , b tit on the who le coin muni ty. 
I t  i s  no longer sufficient for the people in  the industry to be doing 
a good job  ~ i n  today's world i t  i s  also necessary t o  tell others 
about i t . The personal qualities demanded oí' inanagement are 
increasing. We must attract soine of' our best and brightest 

The future professionals :und leaders i n  the ininerals industry 
muct become as proficient and superior i n  the skill of cominu- 
nicating with the public as they need t o  be in technical and 
business matters. This is the key issue in the years ahead. The 
s ~ i c c e s s  o r  otherwise oftlie industry and the quality of life ofthe 
community liternlly depend on it .  

The minerals industry the world over has succeeded in slay- 
ing many d r i ip i i s  in  the past. I ani certain that we are also 
capable 01' ma\tering the challenges ahead of LIS. The big 
advantage we have is that we are an absolutely essential contri- 
but or  to the coiii in u i i  i t  y .  

yollng people t o  careers i l l  the industry. 

kohdistu pelkiistiiiin yrityksiin. \aan koko yhteisijijn. En55 ei 
riitii. ettii ty i i  teollisuudessa s~i juu hyvin. \'aan nyt o n  iiiyiis 
ulkopuolisille kerrottava teollisuudesta. Johdolle asetettavat 
henkiliikolitaiset laatuvaatimukset korostuvat. Meidiin on saa- 
t ;i\ ;i p i  rh  ai n ta _ja :i I y k k iii II t ii n uor i v x ~ n i  in e k i i n n o s  t tiin aan e 1 ii- 
iniinurata teollisuuden piirissi  Yritysjohdon kommunikointi- 
taidon on oltava yhtii hy\ ii kuin heiltii edellytettiiviit taidot 
te k ii i s te i i  _ja I i i  ke t ii I oude 11 is ten o i i  ge I i i i  ie ii kik i ttel y, 

EAPKY - SALOMONINA KÖSSÖLÄSSÄ 
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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 havc had to address such 
a large and impressive gathering of experts from the mining and 
nietallurgical industries. I t  is indeed an honour and a privilege. 
I would like to start my reinarks by saying that 1 am an un- 
abashed optimist when it comes to talking about steel. I 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. i t  coincs in  a cli\erse variety of grades and qualities. 
i t  offers excellent inanufacturability. i t  has an outstanding price/ 
performance ratio. Nearly all significant technological develop- 
ments in construction, transport and commuiiications werc 
based on steel or depend on it for their realization. 

But likeothereiiginceringmaterials, deinand for our products 
is highly volatile, and we are traditionally whipsawed between 
the highs and lows ofthe economic cycle. Three years ago when 
the fall of the Berlin wall heralded high h o p  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 
i n  1989 had topped 437 inillion 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-in\jestment. The situation in West Europe is particu- 
larly acute - with aiinouncernents ofconsolidations and further 
reductions in steel production capacity. I n  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 
bus i ii ess strateg i e s. 

When Berlin Wall came down thcrc was hope that the 
adjustment of the former planned economics 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 i n  
enormous inflation in some countries, while the sell-off and 
close-down of state owned firms has produced massive unenip- 
loyment. There are a s  a result recurrcnt signs of political 
instability and in certain countries a return to some sort of semi- 
controlled economic \ystem. 

The changes in the Soviet Union and Ea\tern Europe have had 
a profound impact on countries like Finlund 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 conccrns over low priced East European imports - 
the same imports which are often essential lo the survival of 
those economies. Even hopes from the single European markct 
have been tempered by a combination of  recession, monetary 
troubles and concerns over future economic and political integ- 
ration. 

Developments i n  the East European steel sector underline the 
magnitude of change i n  those economic$. I n  1990 the first year 
after the wall came down apparent consumption of steel pro- 
ducts i n  East E~irope and the former USSR stood at 148.5 
million metric tons; Two years later in 1992 i t  had fallen nearly 
30 million tons to I20 inillion tons and could slide to 100 million 
tons by mid decade. Such a likely drop i n  consumption of nearly 
50  million ton - ahout one third ~ reflects the enormous 

difficulties of raising the efficiency of these former plaiined 
economies. 

You have asked me today to discus\ 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 he 
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 conie, 
development of these economies will most likely be steel 
i n ten si ve. 

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. YOLI may find this unusual 
at a time when we are experiencing not only a down cycle, but 
extensive close down of steelmaking capacity. But sonietinics I 
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 y o ~ i  
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 bu\ines\ 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 i n  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  ha\ 
been recogni7ed 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 ha\ been the development o f  genuine international 
strategies in  OLI^ intlu\try. This means developing strong compc- 
titive positions in several countries tht-ough acquisitions. joint 
ventures and other collaborative agreements. Here in Europe we 
have seen many mcrgers i n  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 nioves by 
Japanese steel producers into Korth America based on the 
strong logic that customers such as the automotive industry have 
global strategies and coniinon requirements on product and 
quality to which steel suppliers mu5t respond. 

Ouriiidustry’s globalization has also ended the old concept of 
each steel enterprise seeking to be the re ni versal supplier of steel 
products. Steel managers no longer we 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 i n  which its market position. 
technology or particular skills give i t  a clear coinpetitive edge. 

This concept of no one {teel company being the supplier of all 
steel products in a particular inarket 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, i t  is 
crucially important that we in the steel industry do not lose sight 
of this fact. 

The next trend I would point out is our renewed focus on 
inarket and 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 
on steel properties to improve customer manufacturing and steel 
application technologies. Increasingly today engineering mate- 
rials costs are only a sinall 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 inost important deve- 
lopment: the enhanced environmental awareness not only i n  our 
industry but generally throughout the world. Cut loose from 
state ownership in inany countries and less dependent on natio- 
nal markets, steelmakers have a major role t o  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, 
stcel’s longstanding recyclability is critical not only in bringing 
ahout energy and resource savings and emissions reduction. but 
i n  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 manufacturers were held 
respon5ible 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 inipleinentation 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 
environniental deinand\. Moreover, the call for sustainable 
development, the need for cleaner industries. inore efficient 
energy production, and more environment friendly transport 

cannot be met without steel technology. I am thinking of new 
heat resistant steels being developed for super critical high 
preswre 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 
a continuing 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 ofthis 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 i n  the next century on the 
threshold of continuous steelmaking with unprecedented con- 
trol over costs and product properties. I t  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. I t  will remain for all 
of us a critical factor in  our future success. 

YHTEENVETO 

TERÄS ENSI VUOSISADALLA: 
HAASTEET JA MUUTOKSET 
Liintisten teräksentuottajien Ja  hallitusten on terästeollisuuden 
rakennemuutoksen ja uudistamisen yhteydessä löydettävä kei- 
not viihentää epätervettii tuontia Itäeuroopasta Ja  entisen Neu- 
vostoliiton alueelta sainalla kuitenkin huomioiden sen tosiasi- 
an, että pääsy läntisille markkinoille on tiirkeätä aikaisempien 
suunnittelutalouksien muutosprosessille. Vain täten voidaan 
varmistaa näiden maiden muodostuminen vakaiksi markkina- 
alueiksi tulevaisuudessa. Suunnittelutaloiiksille muutos saattaa 
inerkitii teräksen kulutuksen laskua v:n 1990 148 milj. tonnista 
I O0 milj. tonniin 1995. 

Länsieurooppalaisen terästeollisuuden pitkiin aikavälin nii- 
kyrnät ovat nykyisestä lamasta huolimatta erittiiin myönteiset. 
Teollisuuden vapautuminen valtion sääntelystd monissa maissa 
on johtanut globaalisiin strategioihin. erikoistumiseen ja ulko- 
maisiin sijoituksiin perinteisten kotimarkkinoiden ulkopuolel- 
le. On tärkeätä välttäii tarpeettomien kaupparajoitusten synty- 
mistä. niin Itäeuroopan kuin  GATTin iieuvotteluissakin. 

Viime vuosikyinmenellii terästeollisuus on monissa maissa 
kiiyttänyt miljardeja dollareja tuotantomenetelmien ja  -laitos- 
ten parantamiseen. Luonteenomaista on o l l u t  pyrkimys uusien 
teknologioiden kehittelyyn ja  käyttöönottoon, kuten esim. sula- 
pelkistykseen, joka voi korvata masuuniprosessin, j a  uusiin 
valumenetelmiin. Uudet teknologiat ovat edelleen tiirkeitii py- 
rittäessä kestäviiän kehitykseen, puhtaainpaan Ja  tehokkaam- 
paan liikenteeseen Ja kuljetukseen, energian tuotantoon ja val- 
niistusmeneteliniin. 
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INTRODUCTION 

Prior to its 26th Annual Meeting in October 1992, the Interna- 
tional Iron and Steel Institute (I.I.S.I.) 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 2 1 st Century. 

This study(" concluded that two important demands have to 
be satisfied: 

the steel market will ask seemingly contradictory things ofthe 
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: 
to increase productivity of existing blast furnaces. steelworks 

and rolling mills, 
to develop new processes entailing lower investment costs, 
to suppress production steps. 

Quality Improvement: 
to eliminate tramp elements such as Cu, Sn, Cr frotn 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 emisaions, 
to decrease CO, production, 
to recycle waste and valorize co-products. 

The present paperreviews these new technologies and exami- 
nes their impact on the type and on the location of steelworks i n  
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 ofpulverized coal (Fig. 
1 ) .  

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

COAL INJECllON CAPACITY (M.T/YEAR) 
12 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
YEAR 

Fig. 1. Blast furnace coal injection capacity in Western Europe. 
Kuva 1. Hiili-in.jektion kehitys Länsi-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 ( 1  I m hearth diameter) has operated with a mean 
coal injection rate of 204 kg/THM and an oxygen enrichment of 
5 96; it needed only 240 kg/THM of metallurgical coke plus 36 
kg/THM of nut coke"'. 

lnvestigations 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 i n  the combination of a high coal injection rate (250 kg/ 
t), the utilization of cold blast with very high oxygen contents 
(60-98 % I )  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 furnacei3'. 

Such a practice allows to reach very low coke rates and to 
minimize CO, emissions. The blast furnace installations are 
simplified andthus 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 tuyère 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 inany 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 (Tuyère Ore Plasma) process'"i\ to inject iron ores into the 
tuyères i n  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). An injection of205 
kg of iron ore produce\ soine 145 kg of extra hot metal. By 
injecting prereduced iron ore (60  % tnetallization). i t  was 
possible to decrease the electricity consumption. Recently, 
BRITISH STEEL and HOOGOVENS have declared their inten- 
tion to test tuyère injection of iron ore on a blast furnace i n  
Scunthorpe working with oxygen enriched hot blast. 

Table 1 compares the main features of these three processe\. 

Conventional Sintering Rocesr 
@er ton of Sinter) 

New Sintering Process 
@er ton of Sinter) 

Table 1. Cornparison of innovative blast furnace technologies. 
Taulukko 1. Eriiiden potentiaalisten masuuniteknologioiden 
vertailu. 

COMBUSTION GAS (Nm3) EXHAUST GAS 
TO BE TREATED 

(Nd) Air Oxygen Recycled fumr 

1200 1400 

40 60 900 300 

Ore Preparation 
The survival of the blast furnace implies that appropriate ore 
preparation technologies are available. As pellet feed is scarce. 
i t  will not be possible to buy large amount\ of pellet\ on the 
world market and it will be necessary to continue to prepare the 
ores on site, prior to charging them into the blast furnace\. 

For this purpose. the agglomeration is the m o s t  convenient 
process, as sinter feed is abundant. Moreover. the sinter strand 
is most convenient for recycling the ferruginous by-products 
generated in  the iron and steelworks. Present developments aim 
at reducing the SO2 and NO, emissions of thc sinter process. 
Recycling of fumes seeins particularly promising in this respect 
(Table 2). 

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 iiijections. Another possi- 
bility is a continuous cokemaking process under gas pressure 
but i t  is clear that such a developtnent 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. 

Table 2. Comparison of gas sreani balances of sinter plants. 
Taulukko 2. Sintraainon kaasujen kierrätyksen vaikutus kaasuvirtoihin 

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 
1 i C ~ L I  i d ni et al. 

During the 1970s and 1980s a large number of smelting 
reduction processes have been investigated'", These processes 
Lise a variety of reactors fo the reduction and the smelting steps. 
Apart from the COREX-proce\s. none ofthem has outpassed the 
pilot plant stage. 

The COREX-process. which uses lump ore. pellets or sinter 
as well as luinpp coal as raw materials. now has been operating 
succewfully for a couple of years at a scale of 300,000 t/y and 
a \econd 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 ofprereduction, 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 
iii,jcction of iron ore fines into the smelter (FINEX-process), that 
could reduce the gross energy requirements of the COREX 
procc ss . 
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The majority o f  the proce e\  presently under development 
throughout the world use ore lies and coal fines as feedstock i n  
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 o x i d i d  smelter gas has thus a very 
low reduction potential and i n  case of a linked operation. only 
moderate or low degrees of prereduction can be achieved in the 
reduction stage; the higher heat requirements i n  the smelter are 
largely compensated by the greater combustion efficiency and 
the overall result is a decrease in coal consumption and general- 
ly a simplification of the prereduction reactor. 

Ore Gas 

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

The JUPITER process of USINOR/SAClLOR-THYSSEN 
tries to reach a high degree ofprereduction of the ore by carbon 
i i i  a circulating fluidized bed: to  achieve this objective. i t  is 
necessary to abandon the linked operation and t o  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 (2 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. Its off-gases travel through the cyclone and react with 
tangentially iiijected ore and coal and lead finally to an excellent 
gas utilization ( Postcombustion ratio: 70-80 %). 

The process is still in an experimental stage but i n  case of 
success, it could become the most economical snielting-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; environinental problems are tinder cont- 
rol: productivity has been boosted to levels beyond SO0 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. 

PCR = 
PRD = I V  - 

Coal Post cornbustion ratio 
Pre-reduction degree 

PRD = 20 - 
- 

Slag 

AK - Fine iron ore 

80% 

25% 

Fig. 3. Cyclone converter furnace (CCF). 
Kuva 3. Sy k I on i - s u1 ape I k i s 1 y s prose s s i (CC F ) . 

In conjunction with subsequent ladle metallurgy. all iinpuri- 
ties can be decreased to ppin levels. 

For producing top quality flat products. the tendency is to iise 
only hot metal and internal works scrap. Charging coated new 
scrap u ~ u l d  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- 
terrefining is not used in Western Europe but this might become 
an issue, if the BOF productivity has to be further increased. i l '  
large quantities of extra low phosphorus steel5 are required or if 
the necessity to decrease the amount of LD slags arises. 

Continuous refining of hot metal"' 

The past saw an abundance ot' 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 ofthe term"contiiiuous", these idea\ have not reached 
industrial operation. The reawns involve a number of unsolved 
technical problems, and moreover, there are doubts about the 
basic approach. A number of steel types require an ever-increu- 
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. T ~ L I S .  
a heat-by-heat secondary inetallurgical processing is necessary. 
even if the melting unit operates continuo~isly. 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 year\, the technology for melting scrap in electric 



arc furnaces has niade 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 
- As fas 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 i n  
landfil might require a post-conditioning treatment for remo- 
ving heavy metals and zinc. 
- An important effort is devoted t o  the decrease of the electri- 
city consumption by using alternative sources of energy (car- 
bon, oxygen, natural gas) and by the recovery ofthe 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. 

I I  
FLUE 
GAS DYNAMIC SLAG 

SEAL FORMERS 

SCRAP 

Fig. 4. The Consteel basic concept. 
Kuva 4. Romun esi kuumennus Consteel-inenetelin~lla 

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

After pilot testing at NUCOR, ii 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 KYOEl 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. I n  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 oxyfucl burners located at the base of the 
shaft, they preheat the scrap before i t  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. 

Started since March 1992, the shaft furnace has confirmed 
after more than 3000 heats that 60 5% 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 7c  and that 
the productivity is increased by almost 20 %. N o  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; 
i t  is 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. For this 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)'"' ' .  

Fig. 5. EOF-process ( 1 0). 
Kuva 5. EOF-prosessi (Energia-optimointi uuni) 

c )  At FERRIERE NORD'I'', 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. 
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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 i n  countries where natural gas 
or hydrogen are available at low cost. 

The "Nuclear steelmaking" study(13) 
The European Nuclear Steelrnaking Club (ENSEC), established 
in 197.1, 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). 

Fig. 6. The injection in the EAF at Ferriere Nord ( 1 1 ). 
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 ( I 1 ). 
Kuva 7. Sähköenergian kulutus Ferriere Nordin valokaariuu- 
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"". 

RWNG 

Fig. 8. Nuclear power applied to  the D.R./E.A.F. route (12). 
Kuva 8. Ydinvoiman. suorapelkistyksen ja  valokaariuunipro- 
\ess¡ II y hdi s te1 inii. 

The incentive for the development of high temperatur nuclear 
rractors was the possibility to use directly the heat coming from 
the nuclear reactor as process heat iii 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 Cas-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. 
I n  the beginning, the high temperature heat supplied by the 
reactor was to be used to cover the heat requirements o f 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 i n  the e o f a  nuclear DR-plant because of the 
higher reaction rate at temperatures below 80OoC, compared to 

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 from water by electrolysis. 
therniochemical "splitting of water". Various thermochemi- 

ca1 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 largc number of 
DR-modules entailed great problems; 

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

These considerations led European steelniakers to abandon 
these ideas but some of them might be taken up again if the 
pressure to lower the CO, emissions become5 wfficiently 
strong. 

Elofoil 
C.R.M.. in collaboration with its affiliated companie5 ARBED/ 
SIDMAR, COCKERILL SAMBRE and HOOGOVENS, has 
developed a new process enabling the direct and continuou5 
production of'iron foil from steel scrap by electroforining. The 
new process ~ "ELOFOIL" process - enable\ the tran\for- 
mation of an inexpensive raw material into a high value added 
product in a single continuous electroforming operation (Fig 9). 

Upcoiler 

Fig. 9. Pilot line for electrofoil production. 
Kuva 9. Pilot laitteiston kaavio raiitafolion elektrolyyttiseksi 
valmistaniisek\i. 

The ELOFOIL process is based on the well known "rotating 
drum" principle that can be \urnniarixd 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 electroforining time 
increases. At the exit ofthe cell. the thickness ofthe 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 o f  thc 
electrolyte has a tendency to change during electroforming and 
a replenishment is necessary. The regeneration ofthe electrolyle 
is accomplished in a separate reactor by dissolution of steel 
scrap. 

The ELOFOIL process introduces several technological in-  
novations resulting in a niajor cost reduction of the produced 
foil. The more outstanding features of the new process can be 
summarized as follows: 

a new "high turbulence low pressure" anode enabling the 
realization of high current densities associated to a very narrow 
gap (2 inm) 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; 

a special arrangement of the anodic modules renders it pos- 
sible to ~ibe 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 
ob,jective, the production of high value added thin iron foil 
(thickness 8 to 80 ,LI ni). 

Preliminary studies have demonstrated that it is possible to 
L I X .  i n  the context of the ELOFOIL process, pyrite as raw 
material. I n  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 w i 1 I the t echnolog i ca1 propre. in iron and steelmaking 
i ii fl Lie nce the fu t LI re con fig ura t i on o he 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 
numberofbla5t furnaces from150 i n  1978 to 65 in 1992 andLD 
converter\ from I80 to almost 100. respectively. It can be 
expected that this tendency will continue. Today it is possible to 
produce 6 million tonnes of top quality flat products with: 

tuo performant blast furnaces u i th  high PCl andenvironmen- 
tally friendly coke and sinter plants: 

a 3-converter BOF shop with a hot metal pretreatment station 
and ;i perforinant ladle metallurgy: 

two classical \ lab casters: 
one hot strip mil l .  
I n  such ii 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 i 5  f ~ i l l y  effective. It is 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 steelworks will be limited in the future. 
b )  Besides large plants, numerous smaller steelworks will pro- 
duce steels for well defined markets i n  close contact with the 
steel user. 

The production costs of integrated steelplants having a limi- 
ted production are high and - except in favourable inarket 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 agglomcration of iron ore. complying with the stringent 
ecological prescriptions. 
c )  Different options are available for producing liquid steel in 
inarket mills. 

In the past, sinall 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 i n w e  optiinizes the cost problem but raises questions 
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concerning the steel quality. For the commei-cia1 quality steel 
grades, i t  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. 

As an alternative. i t  might prove interesting to operate an 
“oxygen” blast furnace provided the small quantities of coke 
needed can he 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 sinall 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 yearsfI4). 

As a general conclusion, i t  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 t o  the global environment concerns and to satisfy the 
customer i n  a competing market. 

The IlSl study mentioned at the beginning of this paper 
underlines that for meeting these objective\, an international 
cooperation is necessary i n  coordination with other industries, 
research institutes and universities. 
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YHTEENVETO 

UUSIA VAIHTOEHTOJA RAUDAN JA TERÄKSEN VALMISTUKSEEN 

Terästeollisuudelta vaaditaan ensi vuosisadalla parempilaatui- 
erissii j a  asiakasmitoissa entistä pienem- 

. Lisiiksi teräksen valmistajan pitää pystyii 
täyttämäiin kiristyvät ympiiristiivaatimukset, minimoimaan p 
töt, toteuttamaan tehokas kierrätys ja  hoitamaan sivutuote- ja 
jäteongelmat. 

Kustannusten alentaminen voidaan toteuttaa lisäämällä ny- 
kyisten prosessien. masuunien, terässulattoje 
den tuottavuutta sekä kehittiimiillä uusia pro. 
pieneininiit investointikustannukset j a  vähein 
heita. Tyypillisiii esimerkkejii nykyprose 
masuunin hiili-injektio korvaamaan kall 
raudan esikiisittelyjenja senkkametallurgian kehittiiminen niin. 
että konvertteriprosessi keskittyy hiilen niellotukaeen. jolloin 
tuottavuus voidaan maksimoida. 

Uudet stilapelkistysprosessit tähtääviit masuunin korvaaini- 
seen uudella prosessilla, joka tekisi rautarikasteen sintrauksen 
ja  kivihiilen koksauksen tarpeettomaksi. Tällaisia prosesseja 

ovat rnm. COREX, JUPITER ja CCF. 
Romupohjaisessa teräksen valmistuksessa pyritään energia- 

säästöön kiiyttämällä hyväksi savukaasujen energiasisältöä 
(Consteel, Fuchs) sekä korvaamalla sähköä fossiilisilla poltto- 
aineilla (KS, KVA ja  EOF-prosessit). 

On myiis selvitetty teräksenvalmistusta ydinvoimalan yhtey- 
dessä. 

CRM on yhdessä teollisuuden kanssa kehittänyt Elofoil- 
prosessin, jossa elektrolyyttisesti saostetaan ohutta rautafoliota 
kloridiliuoksesta. 

Valumenetelmien kehitys johtaa ohutaihiovalun yleistymi- 
seen ja  piteiniiiiillä aikajiinteellii nauhavalun Iiipiinurtoon. 

Yleinen rakennekehitys terästeollisuudessa o 1 1  kohti pienein- 
pia. joustavia yksikiiitii. Euroopassa on tapahtumassa siirtymis- 
tä malmipoh.jaisesta teräksenvalinistuksesta romupohjaisen siih- 
kiiuunivalmistuksen suuntaan. Ongelmana nousee esiin roinun 
epäpuhtaudet, inikii I i  mielenkiintoa puhtai 
siin, suorapel kistettyyn rautaan j a  rautakarbid 
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The Golden Age of Extractive Metallurgy: 1950-? 
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 i n  Helsinki 
on 19th March 1993. 

ABSTRACT 

The fiftieth anniversary of the Finnish Association of Mining 
and Metallurgical Engineers coincides approximately with the 
second half ofthis century. One inay 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. It 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 aiid Sophocles and Florence of DaVinci and 
Michelangelo. I t  may be irnmodcst of self-serving to compare 
one's times to some of the illustrious periods o1 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- 

This hypothesis and, also, the question a s  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. 

lurgy. 

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 

principal uses at the present are functional: As a heat-exchan- 
$ng and electricity-carrying metal in devices of all kinds. In 
contrast to gold and silver, which can be overused and hoarded 
by the rich, inost 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 aiid not 
to the overall quality of life, which also depends on cultural 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 presently3. 

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 I ,  the per capita consumption of copper is as high a s  15 kgl 
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 exaniple 
6 kg/person, is beyond the wildest dreams 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 

I t  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 

modest increase to 2.5 million by 1950'. Then, 
i i i  the nextforty years. the refined copperconsuinptiori yuadrup- 
led toamaximum ofabouteleven million tonnesin 1989and has 
hovered around that level since then". These data are \hovm in 
graphical form in Figure 1. The great jump in copper production 
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Table 1. Annual consumption of refined copper. 
Taulukko 1. Kaffinoidun kuparin vuotuinen kulutus 

Refined 
copper 

C O  II suin ption 
thousand 

ton4yh 

COLI I11 sy Per capita 
con\uinption 

of refined 
Cu, kg/y 

Popu I ati on 
i i i i  Ihon- 

.= 1 Au\tralia I 22 1 113.61 5.2 

I Bra/il 1 135.6 1 136.9 I I .o 
I Canada I 25.1 I 226.1 1 8.9 

China 1057.2 425.9 

Fl I l  I and 15.2 

Germany, East ( 1986) 16.6 11 5.3 

(;ermany, Wc\[ ( I  986) 61.1 787.5 12.9 

1 I ta ly  I 57.3 1 377.2 1 6.6 

1 Japan I 121 I 1363.61 11.3 

1 Swccien 1 8.31  111 .6 )  13.3 

1 United States I 250.1 I 2126.4 1 8.5 

1 WORLDTOTAL: I 5236.0 I 9859.61 1.88 

i n  the second half of this century is evident. What is more 
astonishing is that in this briefperiod, humanity consumed more 
copper than in the total of sixty centuries before i t .  

One may read in the curve of Figure 1 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 i t  an indication that we have actually reached the 
limits to growth prophesied by others'? In either case, how will 

12 
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YEAR 

Fig. 1. World copper consumption in the 19th and 20th centu- 
ries. 
Kuva 1. Maailman kuparituotanto 19. ja  20. vuosisadalla. 

it be po\sible for the billions ofthe developing countries, whose 
annual pcr 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 i n  exami- 
ning how, since 1950, the science and technology of metal 
extraction made it possible to provide huinanity with its ever 
increasing needs for metal; and whether, i n  the forcsccable 
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 inass 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, 
Schuhniann, Tikkanen and Wagner amongst the inany 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 Gleiserl' 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 
Ihsan Barin and co-workersI3 and the computerized HSC pro- 
grain developed by Outokumpu Research". 

With regard to the rate phenomena of metal extraction reac- 
tions, the advances inade were even more spectacular. simply 
because the scientific base i n  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 i n  general. I n  turn, their work 
inspired industrial engineers t o  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 i n  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 pyroinetallurgists 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 
Outokuinpul'. However, as the science and technology advan- 
ced rapidly, metallurgists found themselves dealing with both 
routes i n  order to get the desired result. For instance, copper inay 
be produced pyronietallurgically 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 electrowiiining 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 inetal 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 hydronietal- 
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 ofoxidic 
ores. 

Although most of the new processes of the ”Golden Age” in 
Table 2 are pyrornetallurgical, 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. 

Process 

BaFic Oxygen Converter (LD. BOF) 

ADVANCES IN TECHNOLOGY 

Metal 

Steel 

In the second part of this century, there have been so many 
innovations in the methods for inetal extraction that it  would 
take many pages just to list them. Nevertheless. the author has 
attempted to list soiiie 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 

INCO Oxygen Smelting Process 

Mitsubishi Process 

Vanyuko\ Furnacc 

Table 2. Some of the most important developments since 19.50. 
Taulukko 2. Kehityksen eräitii tiirkeimpiii tapahtumia sitten 
vuoden 1950. 

Copper. nickcl 

Copper 

Copper 

Fluid Bed Roasters 

Kivcet Process 

QSL Process 

Isasmelt Process (C\irosmelt) 

Sherriti Gordon Pres\ure Leaching 

Electrorefining of nickcl matte 

Dump Leaching- Iron Cementation 

Solvent Extraction-Electrowinninp 

_ _ _ _ _ _ _ ~  

Bottoin-injected Oxygen Con\ ertei I Steel 

Zinc 

LXid 

1,ead 

Cu. Pb. Sn 

Nickel. cobalt 

Nickel 

Copper 

Copper 

Outokuinpu Flash Sinelting 1 Copper, nichel I 

In-situ leaching-Ton exchange 

~ _ _ _ _ _  

Noranda Continuous Siiielting Process I Copper I 

Uranium 

EI Teniente Converter I Copper 1 

Imperial Smelting Process I Zinc I 

pyrornetallurgy, the major advances were i n  the utilization of 
industrial oxygen and the growth of gas-solids reactions, such as 
flash sinelting 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 wa5 the replacement of 
the open hearth by the basic oxygen furnace tor 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  
I 9.52Ih, the basic oxygen furnace was improved further by the 
injection of inert mixing gas though the bottoni”. 

However. the introduction of industrial oxygen through a 
bottom tuyere had to await the invention of the SavardiLee gas- 
shielded tuyere.Is This simple but important development made 
possible, i n  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 9 1 % was by 
the LD-BOF process and the rest by the OBM-QBOP protes\". 

Another important innovation i n  this period was the AOD 
( Argon-Oxygen-DecarbLiriLation) 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 i n  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 HelhinkiI9, 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 inainly 
while in tlight”. 

Next to the basic oxygen furnace for steelmaking, the Outo- 
kumpu process is the most successful extractive metallurgy 
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 sinelting 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. I t  is interesting to note that the INCO 
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process appears to be the first one ofrnany processes to irse pure 
oxygen. The INCO protes\ was very successful in the INCO 
operations but took nearly thirty years before the first "out\ide" 
installation. at Hurley. New Mexico. 

The seventies saw a flurry of activity in the developnicnt of 
processes based on the bath-smelting principles". The most 
succesful of these are the Noranda continuous sinelting procehs 
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. 

CIQS \F&\FeS + 0 2  - Cu2S + Fe0 + S@ 
CONCENTRATE I FLUX 

1 GAS MATTE 

SLAG + WHITE 
METAL 

Fig. 2. The EI Teniente smelting conveiter. 
Kuva 2. EI Teniente suldu\konertteri. 

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

CwS\FeS2\peS + 02-  Cu0 + Fe0 + SO2 

Concs, Fluxes 
C-Slag, Fuel Flux, Coolant 
Blast Air, 40-50%01 Blast Air, 25-30%01 

S- Furnace sH 7 - k o d e  Furnace 
Discard c - Furnace Furnace slag 

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

Another important copper smelting proce 
Russia, is the Vanyukov furnace (Figure 4 
smelting process in which the oxidiLing gas is injected into the 
slag instead of the matte layer, a s  in the Noranda process. This 
process was commercialized in Norilsk in 1977 and presently 
there are six furnaces i n  operation". 

Over the years. as the cost of industrial oxygen decreased. 
copper companies realixd the advantages ofoxygen 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 ofoxygen 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 air2-'. Of these, the only one that has 
reached the industrial stage is the Isasmelt process. 

Cu2S \FeS2\FeS + 0 2  - Cu2S + Fe0 + SO2 

chargo o Charge 

S 
I I  I I  TY".,.* I I  I I  

S 

Fig. 4. The Vanyukov smelting process. 
Kuva 4. Vanjukov prosessi. 

;?e 
Air, 450oC 

Fig. 5. Comparative sizes of Outokumpu furnace using air and 
industrial oxygen. 
Kuva S. Ilmaa ja teknist2 happea kiiyttiivln Outokumpu liekki- 
sulatusuunin uunin kokovertailu. 

Zinc 
In  zinc production, the development of the Imperial Smelting 
Process niade possible, starting in I Y5 I ,  the direct processing of 
lead-zinc concentrates in il 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 6'5) followed by leaching and electrowin- 

zns + o2 - al0 + so2 
n 

. . . . .  ..I.. .I '. ...98,Q-.1I,OQoC . . . .  PRODUCT 
. . . . . . . . .  :......:....i& GAZ 8 

. . . . . . . . .  . . . .  .: ' '. ' . . ' . .  CARRYOVER 
. . . . . . . . .  . .  . . . . .  ! .............. . '., ' /  SOLIDS . . . . . . . . . . . . . . . . . .  . . .  . :.* 

. . . . . . . .  . . .  . . . . . . . .  
. .  ' .. . .  . . .  

. .  . _  

D OVERFLOW 

AIR INLET Fig. 6. Fluid bed roaster. 
Kuva 6. Leijukerrospasutin 
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ning. However, this semihydrometallurgical route has the disad- 
vantage of disposing large amounts of tailings and iron precipi- 
tates. Therefore, soine i inc companies are actively searching for 
potential pyronietallurgical alternatives. 

With reference to fluidized bed roasting, it is interesting to 
note the growth in roasting capacity of industrial installations by 
Lurgi. the principal engineering firm in this area. from  ero i i i  

1950 to about I X  inillion tons i n  19x3". 

Lead 
A number of new processes have been developed for the direct 
processing of lead sulfides to metallic lead. The only ones iii 
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. 

Ws + C + O, - Pb + SO2 + CO + CO, 

Conc. 

Electric Furnace 

1 ................. . ______._.._ 

Fig. 7. The KIVCET process íor smelting lead concentrates. 
Kuva 8. Lyijyrikasteiden sulatukseen kehitelty KIVCET-pro- 
sessi. 

PbS + C + O, - Pb + SO, + CO + CO, 

b Radurtla Zon. Oxldatlon Zone ' areen P.II.IS " CO"s."l,.t* so2.offs.* 

Lead Bullbn + 0xyp.n + Shlold G.. 

Fig. 8. The QSL sinelting 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 

this route. Important hydrometallurgical developments were the 
S herritt-Gordon pressure leaching process, the chloride electro- 
winning process of Falconbridge, and the electrorefining of 
nickel from nickel matte anodes. 

Aluminum 
I n  the last hundred years, man succeded i n  harnesiing electricity 
to produce aluminurn and other metals. such as magnesium and 
calcium. There have been attempts since the fifties to replace the 
electrolytic Hall-Heroult process. tor example by means of 
carbotherinic reduction of aliiinina, but they were not success- 
ful .  Nevertheless, there have been great improvements, as 
witnessed by the decrease iii power consumption from about 26 
Kw/kg AI in the forties to 13 Kw/kg in  the most efficient Hall 
cells today'". 

THE FUTURE 

It  can be seen from the foregoing that i i i  order to satisfy the 
enormous appetite for metals ofthe last two generations. extrac- 
tive metallurgists have come up with a cornucopia of theories 
and new technologies. such as had iiever been witnessed before. 
The question remains: Can this pace bc maintained or have we 
come near the end of the Golden Age o f  Metallurgy'? To answer 
this  difficult question, we need t o  look into a number offactors. 

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 
iiiiiieral deposits, capital investment and human resources. The 
human resources, including the RKcD coinponent. were motiva- 
ted by the opportunities offered by the rapid expansion and the 
influx of capital. 

Today. the de\,eloped nations of the world. roughly 20 '3 of 
humanity. use about ten times more copper than the developing 
iiatioiis (roughly 80 c/c of humanity). To bring up the developing 
nations to the level of the developed ones would require nearly 
a 400 c/c increase in copper production, to the level of50  million 
tons per year. Therefore, taking an optimistic view, there is a 
large potential market for increascd metal production. 

However, the mineral resources, despite the large sums spent 
alid 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 
iiiore since 1950. In consequence, the amount of energy and 
other costs required to produce a un i t  of nietal have increased. 
despite the great strides in technology. 

I n  h is  1978 TMS/ASM Lecture i n  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 ofFigure 9 which 
shows that the energy consumption. per un i t  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 or hydrometallLir,.ical 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 ofthis 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 
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n philosopher said: "All is possible i n  this best of all possible 
I 

W > I I I , 
r L E A D  FROM COMMON ROCK 

n w I .- w ' \ rCOPPER FROM COMMNROCK 
10'" ; l e  

cl CONCENTRATES FROM 
5 I CURRENT SJLFIDE ORES 

z 
ORE GRADE. PERCENT OF METAL W 

Fig. 9. Estimated energy consumption for mining and primary 
processing of metallic ores ( H . H .  Kellogg. ref. 27) 
Kuva 9. Louhinnan ja nietallimalmien primääriprosessoiniiiii 
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. It is possible that. as the pressures on both 
of these fronts increase i n  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, alid i n  
the scientific and technological base which supported it. appear 
to qualify this period as the Golden Age of extractive metallur- 
gy. 

If one considers 
a) the aspirations of nearly 80 c/c of humanity for a higher 

standard of living, 
b) the diminishing ore reserves and increasing energy costs 

per ton of metal. 
c) the increasing global need for environmental control, 

it wo~ild 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, conimiinications, advanced materials". 
Will the conditions ever be as favorable for extractive nietallur- 
gy as they were during its Golden Age of 1950--1980? As the 

worlds." 
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YHTEENVETO 
PROSESSIMETALLURGIAN KULTAINEN AIKAKAUSI: 1950-? 

Vuorimiesyhdistykseii ~ i i s ikymmenvuot i s ta i \~a l  sattuL1 x u i i i i -  

iiilleen tämän vuosisadan toiselle puoliskolle. Joku oi hiin- 
n ihmiskunnan tuottaneen tänä lyhyen8 a -  

kavalinii enemmän metalle.ja kuin koko sitä edel theen histori- 
ansa vuosituhansien kuluessa. Tiimii saavutus ei olisi o l l u t  
mahdollinen ilman radikaalia muutosta ni¡ menetelniissä, 
joilla metalleja valmistetaan, so. pi-osessitnetallurgiassa, joka 
on puli.jennut kukkaansa kalideniien kymmenennen vuosisadan 

toisella puoliskolla. Tlimii esitelmii jäljittää kyseisen aikakau- 
den erikoislaatuista kehitystY. joka alkaa intensii\,isulatusme- 
netelmien kiiyttiiiinotolla kahdessa pohjoisessa maassa. Suo- 
messa ja Kanadassa. On selvää. ett3 viisikymmenluku merkitsi 
prosessimetallurgian kulta-ajan alkua, mutta \/oimme asettaa 
kysymyksen. onko tiiiiiii erinomaisten saa\'Lltustcn aikakausi 
liihestymiissä piiiitepistettiiiin. 
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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 hy 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 iii the field of production. including 
associated logistics and customer orientation of marketing. 
sales and service. 

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

- Safety 
- Fuel consumption and emissions 
- Environinental protection and recycling 
- Alternative drive systems and energy sources 
- New vehicle and traffic concepts 
- Vehicle electrics/electronics 

In the last few years, environmental protection has gained 
significance i n  public debate. We can even assume that in 
sensitive markeh the acceptance and t h u  the commercial suc- 
cess of an automobile is influenced by the environmental coin- 
patibility expected of the vehicle. 

This does not however mean that we regard environmental 
protection a s  purely a marketing function. We conscientiously 
accept our responsibility for the environment i i i  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. 

The inost important development points today are: 

ENVIRONMENTAL STEPS IMPLEMENTED IN 
VOLKSWAGEN PRODUCTS 

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

Environinental steps which have already k e n  implemented 
in production include: 
- Further reduction of power generation emissions 
- Water management with separate supplies for utility and 
drinkin, ~7 mater 
- Solvent-free cavity conservation since I979 
- Increasing ~ i s e  of water-soluble paint\. new paint shops in 
Emden, Hanover and Wolfsburg. 

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 'ii reduction in fuel consumption in 
O L N  vehicles in Germany. 
- Development of alternative vehicle concepts and drive s y s -  
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-free 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 factor\, together with the following crite- 
ria, muat be taken into account in the recyclable con\truction of 
au to mo bi 1 e s : 
- 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. I t  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 iitilixing scrap 
vehicles, it must be considered when, how many and for which 
components recycled materials (or factory-reconditioned coiii- 
ponents from scrap vehicles) can be used in the production of 
new vehicles. 

Starting from this framework, the recycling objectivcs given 
i n  Figure 1 are arrived at. 

Legal position 

I n  August 1992 the German Minister for the Environment 
published a white paper for the "Directive on avoiding. reducing 
and iitili/ing waste from vehicle disposal". Thus the legal basis 
tor the future recycling o í  scrap vehicles in Germany has been 
made clear and this should be seen as the standard for the 
development of vehicle i n  the future. Legislation is planned to 
ensure: 
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o For existing cars the rei 
has to be established s 
environment and resou 

New cars must be desig 0 

O Recycling of materials 

o Techno - economic assessmen 
processes; establish economic In 
for scrapped automobiles 

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

- Vehicles have to be developed, constructed and produced so 
that they havc niaxinial 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 environinentally 
disposable. 
-The directive applies to vehicles and to replacement and 
exchange parts and accessories. 
- Manufacturer must accept vehicles back froin 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 ofthe 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 from material reprocessing. 
- Manufacturers must, so fas as it is technically possible, 
subject returned scrap vehicles to reconditioning or inaterial 
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 environinentally disposed 
of. 
- Manufacturers inay employ third parties to carry out these 
coin ni i t  nien t s . 

The automotive industry assumes they will be able to estab- 
lish reprocessing plants themselves, i.e. reprocessing plants will 
be created tor ;I 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 utilimtioii of scrap 
vehicles. Volkswagen was the first automobile manufacturer to 
undertake such a project. The basic objective ofthe pilot project 
was to develop methods of reprocessing materials and vehicle 
fluids by type. The economic feasibility of the material circuits 

steel industry 

last owner I d  

I 1 

existing not existing available 

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

to be installed depends oli this. This study into dismantling 
vehicles led directly to the take-back guarantee given in Germa- 
n y  since September 199 1 for all third generation Golf vehicles. 
This was possible because material expertise w 
the project, and initial constructional details could be coiiside- 
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 199 1 in  manufacturing new 
bumpers for the VW Polo. This was extended i n  July 1992 to 
include the VW Golf. This made Volkswagen the first automo- 
bile manufacturer to succeed in using old plastics i n  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 
niade 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 froin 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 

T 
Drain off and Dismantling I 

Separation of Subassemblys 
I -  

I I  

Materials- 
Recycling ditloning 

t t 
New Parts 
Exchgange Spare Parts 

Preparation of Results, 
Prooosals of ImDrovement 

Workshops 

Specifications 

Fig. 3. Results of car dismantling at VW Research Recycling 
and Dismantling Centre. 
Kuva 3. Autojen purkauksen selvitys j a  tutkimuskohteita VW:n 
tutkimuskeskuksessa. 
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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 ofproject 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 i n  
setni-automatic large-scale companies. Individual companies 
are supported through the respective disassembly handbooks, 
from which material, weight and approximate disassembly time 
ofthe 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 for recycling 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 o f a  single type. Apart from when removing 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 i n  reverse. 

Nonferrous Metals Iron and Steel 

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 

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

Platinum/Rhodium 
Platinum and rhodium are two of 
the Earth most valuable noble 
metals. Each catalytic contains 1.5 
to 2 g platinum and 0.3 to 0.5 g 
rhodium. Recovery of these 
valuable metals begins with the 
separation of the monoliths from 
the metal housings. 

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

Fig. 4. Recycling: nonferrous metals, iron and steel, plastics. 
Kuva 4. Kierriitys: ei-rautametallit, rauta j a  teräs, muovit. 

All t h e  fluids contained in t h e  scrap car are 
removed and returned to t h e  mineral oil and 
chemical industry for reconversion 

O shock absorber oil 
O hydraulic fluid 

Systematic disassembly of the vehicle makes possible: 
(3 recycling and reconditioning of drive units 
O separation of materials by types 
3 original recycling 

Removal of Parts 
Reworking of motorized 
units,Recovery of parts, 

Enginel 

Metal industw 
Chemical and plastics 

Batteries 
I I 

I Noble metals industry 
Parting works 

Glass industry 

1 - 1 - 1 1  

Chemicals and plastics Bumpers Coolant/Other Tanks industry 

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

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 inade 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-pla\tics. 

50 - 

40 - 
30 - 

20 - 

10 - - 

n -  
" steel cast aluminium glas plastic rubber operating other 

iron parts fluids 

Fig. 7. Materials in  the VW Golf CL. 
Kuva 7. Materiaalien painosuhteiden vertailu VW:n kahdessa 
aikaisemmassa ja nykyisessä mallissa. 

Fig. 5. The draining process. 
Kuva 5. Nesteiden poisto. 
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- Use of PP, PE, ABSIASA, 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 III  it is clear the majority of the compo- 
nents can he reprocessed to a very high quality. A bumper can 
be made into a new bumper; a tankinto a new tank. This has been 
achieved by adjusting the proportions of plastics in favour of 
more easily recyclable types. Thus the proportion of poiypro- 
pylene in the total plastic content has been increased from some 
20 % to almost 45 5%. 

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 i n  the 

Utilization Material Utilization Utilization 

I 

Priority 1 2 

Waste ï Deposit 

3 

Fig. 8. Recycling procedure. 
Kuva 8. Kierrätysprosessi. 

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 at relevant 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, but  even reward the use oftechnically 
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. 

YHTEENVETO 

AUTOTEOLLISUUDEN TRENDIT KIERRÄTYSTEKNOLOGIASSA - 
HAASTEITA JA MAHDOLLISUUKSIA PERUSMETALLITEOLLISUUDELLE 

Käsitelliiän autoteollisuudelle nykyisin asetettavia min. ener- 
giataloudellisiaja ympäristönsuojelullisia vaatimuksia sekä eten- 
kin kiiytöstii poistuvien ajoneuvojen purkausta ja  niiden mate- 
riaalien kierriitystä. On optimoitava koko prosessi ketju tuotteen 
suunnittelusta ja  valmistuksesta käyttöiin j a  käytöstä poistoon. 
Kierriitysm yötiiinen tuotesuunnittelu ja materiaalien valinta ovat 
yhtii tärkeitä kuin pieni polttoaineenkulutus ja ajoturvallisuus. 
Romutettavien autojen materiaalien kierrätyksestä on Saksassa 
säädetty maan ympäristöministeriön antamalla ohjeistolla v. 
1992. Sen on katsottava muodostavan pohjan laajalle tulevalle 
lainsäädännölle. Volkswagen AG on ensimmäisenä autonval- 

mistajana aloittanut pilot-projektin autojen purkauksesta ja  ro- 
mutuksesta tavoitteena kehittiiä menetelmiii kiinteiden materi- 
aalien ja  nesteiden uudelleenprosessointiin. Tämä tutkimus 
johti kolmannen polven Golf-autojen takaisinottotakuuseen. 
Teräs ja  muut metallit ovat helposti kierrätettäviii. Muovien 
kierrätettävyyteen on VW:lIii pantu paljon huomiota: uusio- 
muovia käytetään samoihin komponentteihin. joista se on saatu. 
Autoteollisuuden piirissä kaivataan kansainvälisesti mahdolli- 
simman yhtenäistä ja  kehitysmy¿inteisti lainsäädäntöpohjaa 
kierriitysvelvoitteille. 
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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 i n  general. i t  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 developnient has been winding, but with hind- 
sight i t  looks logical. a s  though i t  had been planned. Its main 
target areas can be characterized. decade by decade. as follows: 
1940s = w a r  and war reparations 

Production was maximired 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 i n  our own expertise was born. 
1970s = productivity and profitability 

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, i t  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 mana, win e ii t . 

This human resource has been Outokumpu’s most important 

The significance of continuous rationalization and optiiniLa- 

success factor. particularly in the company‘s internationali- 
mtion. as the depletion of ore reserves i n  Finland forced i t  to 
broaden the base of its mining operations. 

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

STRATEGIC STARTING POINTS 

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

I 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 
 OLI^ corporate structure and organization. By this 1 mean our 
subsidiaries, which operate in nine countries, and the support 
they offer LIS in these areas. 

The third important starting point is found in Outokumpu’s 
ore reserves abroad, which have grown extremely well as a 
result ofthe efforts ofrecent 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 3 I ,  1992. As a point 
of comparison, I would like to remind you that the s u i n  total of 
all the ore ever excavated by Outokumpu in Finland is less than 
200 in i I I ion ton ne s . 

Thus far, international mining operations have aimed strictly 
a t  securing the raw material requirements of Outokumpu’s 
metallurgical plants. Now this goal has been reached. Freedom 
from raw material dependency offers LIS 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 Outokumpu Group. Indccd, the risks inherent in 
mining are greater, butjust 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. I n  Anc i t  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 
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years. Throughout that time, operations are under constant 
construction. This renewal of a mine means that the above- 
mentioiied possibility to make an impact is multiplied. 

Thus, the high degree of value-added and rapid nioderni- 
zation 01‘ fixed capital offer plenty of scope for technical 
expertise and the adding of value based on that. especially in  
mining operations. 

I t  is still worth noting that the majority of the world’s mine\ 
are not i n  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 difficult 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 
inay be a ready solution available. 

Arranging financing for mining projects is a field 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- 
ries, 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 arid foreign 
currency exchange in marketing their production. Stakehol- 
dings in  mines and mining projects are also world commodities. 
Various option systeins and pre-emptive rights bring a casino 
feeling to the mining business. but that too can be learned. 

These examples depict the multifaceted competence required 
in international mining and the opportunities i t  offers. The 
busines\ areas i n  question would feel very fitting for a group of 
Outokumpu‘s calibre. whose synergies are clear and for whom 
versatility is a hallmark. 

I can confirm that interest in this business and our capabilities 
have been recognized. and that international mining operations 

e 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. 

Howcver. I dare put forth some diiistinct strategic directions 
for youi- 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 t o  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 owncrship. 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  OLI^ 

own needs, stakeholdings in mines and mineral deposits will 
also be sold. Base metals still remain our rnain target, but the 
glitter of precious metals will n o t  be systematically ignored. 

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

Despite its internationalization. Outokumpu is always ready 
to open new mines in Finland should the opportunity arise. The 

best guarantee of preserving this readiness lies i n  o u r  own active 
and renewable mining operations - wherever they might be 
located. 

For understandable reasons, operations will be steered by the 
\carcity of capital in the next few years. This means smaller 
investment targets, joint venture projekts and the \ale of less 
importalit units or their parts in order to finance new invest- 
iii en t s. 

I n  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 niille into efficient shape, as a turnaround project. 

As the commitment of capital will be minimized, the input of 
humaii resources will be maximized. 1 believe that this emphasis 
suits all involved and will prove a good guiding principle over 
thc long 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 inay 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 i n  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, i t  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 
s o  i n  the future must thus be prepared to work i i i  environments 
where their colleagues are not Finns or even citiLens 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. 

111 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. Hopefully 
this will also come to mean that Finnish technology and interna- 
tional adaptation will be studied simLiltaneously. This would 
better prepare future generations for Outokuinpii’s ”internatio- 
nal rotatiiig school”. 

Outokumpu has built its expertise in  mining technology 
above all withthe helpofthe Helsinki University ofTechnology’s 
many-sided education and will continue to rcly on it. The above- 
mentioned appliesjust as well to other schools, even though our 
contact with them is narrower. 

CONCLUSION 

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

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

YHTEENVETO 

OUTOKUMMUN KAIVOSTOIMINNAN STRATEGIA 

Outokummun kaivotoiminnan perusta on luotu Suomessa vii- 
meisten 50 vuoden aikana. Vaikka perinne on vanhempi, on 
tämä 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 etsimään laajempaa pohjaa kaivostoiminnalle. Edellä 
mainittu henkinen resurssi on ollut tärkein menestystekijä kan- 
sainvälistymisessäkin. 

Tähänastinen toimiiila ulkomailla on kohdistunut tiukasti 
Outokummun metallurgisten tehtaiden raaka-ainehuollon tur- 
vaamiseen. Tämä tavoite on nyt saavutettu. Samalla on kasva- 
tettu malmireservejä sekä tunnettujen nialmivarojen että lupaa- 
vien tulevaisuuden löydösten muodossa. 

Konsernin tarjoamat synergiaedut, käytettävissä olevat hen- 
kiset resurssit, raaka-ainesidonnaisuudesta vapautuminen, lu- 
paavat malmireservit, hankittu ulkomaankokemus ja  monessa 
maassa j o  toimivat tytiiryhtiöt antavat nyt uuden mielenkiintoi- 
sen lähtökohdan Outokummun kaivostoiminnan strategialle. 

Kaivostoiminta on liiketoimintaa siinä kuin metallien val- 
mistuskin. Kaivostoiminnan riskit ovat suurempia. mutta yhtä 
hyvin positiivisia kuin negatiivisia. Kaivosten rakentamiseen 
liittyvä teknillinen haaste tarjoaa toistuvia mahdollisuuksia 
osaamiseen perustuvalle lisäarvon tekemiselle. Väheksyttävä ei 
myöskään ole kaivosten tuotannosta tuleva kassavirta ja itse 

tuoteen strateginen arvo varsinkin suotuisissa konjunktuurivai- 
heissa. 

Ymmärrettävistä syistä on toimintaa lähivuosina ohjattava 
piiiiomaniukkuuden ehdoilla. Se merkitsee pienempiä inves- 
tointikohteita, joint venture -projekteja, strategisesti vähemmän 
tärkeiden yksiköiden myyntiä uusien investointien rahoittami- 
<eksi jne. Samalla kun pääoman sitoutumista minimoidaan, 
tullaan henkisten resurssien panosta kaivosprojekteissa maksi- 
moi maan. 

Kaivostoiminnan kehittämisessä pääpaino säilyy edelleen 
perusmetalleissa. Maantieteellisesti tärkeissä kohdemaissa lie- 
huujo Outokummun lippu. Kehitystä mu¡ 
sa maissa seurataan. Kansainvälistymisest 
kumpu on aina valmis käynnistämään u 
Suomessa tilaisuuden tullen. Tämänkin v 
sen paras tae on aktiivinen ja  uudistuva kaivostoiminta- missä 
tahansa. 

Outokumpulainen kaivostoiminta on aina suomalaista kai- 
vostoimintaa, vaikka kohde olisikin muualla. Tämii kannattaa 
alalla opiskelevien ja  opiskelemaan tulevien pitää mielessä. 
Teknillisen korkeakoulun suunnittelema vuoritekniikan ope- 
tuksen kansainvälistäminen on tervetullut siirto sekä opetuksen 
soveltuvuuden että sen jatkuvuuden varmistamiseksi. Outo- 
kumpu on rakentanut teknillisen osaamisensa T K K : n  peruskou- 
lutuksen varaan ja  tulee luottamaan siihen vastakin. 

VUORIMIESYHDISTYS - 
BERGMANNAF~RENINGEN r.y:n 

VUOSIKOKOUS 
pidetaan Helsingissa 25-26.3.1 994 

Kokouksesta ilmoitetaan tarkemmin myöhemmin 
postitettavassa kutsussa. 

VU0 RI MI ESY H DlSTY S - 
BERGMANNAF~RENINGEN r.y:s 

ARSMÖTE 
hålls i  Helsingfors den 25.-26.3.1994 

Närmare 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. 

EAFCLY CONCENTRATORS 

Orijärvi 
The complex sulphide Orijärvi 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 i n  launders, was the only method availab- 
le at that time. In 19 1 I ,  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, 
Orijärvi 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 Orijzrvi was the Russian Dzanzul 
copper concentrator, owned by the Caucasus Copper Co."'. 
which tried flotation i n  1910 with similar results.) Some years 
later flotation was tested again at Orijärvi but the method was 

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 Outokumpu 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 takeiiout. As acollector, themineusedxanthate, 
for which the primary patent had been granted in 1925''). The 
flotation machines included both Minerals-Separation (Fig. 3) 
and MacIntosh 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. Mäkinen, 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 i n  1959. 

Fig. 1. Orijdwi concentrator i n  1956. 
Kuva 1.  Orijärven rikastamo 1956. 
:*) The copyright foI  thi\ text i \  hcld by thc Finnish Mining Aasociation. 

Fig. 2. Outokumpu concentrator in 1938. 
Kuva 2. Outokummun rikastamo 1938. 
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Fig. 3. Minerals Separation flotation machine. 
Kuva 3. Minerals Separation vaahdotuskone. 

TEACHING ORE DRESSING 

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

Fig. 4. Forrester flotation machine 
Kuva 4. Forrester vaahdotuskone. 

One of the engineers involved was Risto Hukki. As a result of 
the World War his trip extended to \ i x  years, but the experience 
and vision he gained were also expanded. During a professional 
teaching career spanning I945 to 1977. Hukki educated 32 age 
classes of engineers in the secrecies of niineral processing. He 
also passed on his ideas concerning modern technology to the 
mining industry in Finland"' - duriiif the war our country had 
been in total technical isolation. without for instance the Anie- 
rican mining magazines. 

GRINDING 

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

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

As carly as 1951. the mill superintendent of the Outokumpu 
concentrator, Mr Heikkinen, dccidetl to test ore pebbles as a 
grinding medium for secondary grinding instead of balls. Pri- 
mary testing was carried out on a sinall scale and the final 
switchover was made at the Keretti plant in  19SS'13). The rod 
inills were then replaced by lump mills i n  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 i n  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 i n  a ball mill circuit at the Aijala concent- 
rator in  1957--58. The cyclone was installed over the rake 
clasifier and, to avoid any possible harinfiil effects, both the 
sand and overflow were passed to the rake clasifier during the 
initial tests. Later on, the rake classifier w a s  replaced by the 
cyclone. On the basis of the test rewlts obtained. Mr Erkki 
Kmkela developed his formulae for thc calculation of a wet 
cyclone classifier''''. It is a pity that Koskela'\ 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. I t  is an established fact that 
Dorrclones were already in use, for instance i n  US taconite 
conce i i  tra tors. 

BMU 

Profeessor Hukki de\:eloped the so-called Rase-Mill concept for 
measuring as well as for comparing tumbling millsf17'. He 
presumed that the tumbling mill capacity is proportional to the 
power' i of the mill diameter a s  well a s  to the mill length. Since 
the Base-Mill itself is defined as a mill with diamcter and length 
both of one metre, the number of Base-Mill Units (BMus) in a 
given mill can be calculated from the formula: 
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BMU = D Z 5  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 reinained too little 
known. 

FLOTATION 

Kotalahti 
Kotalahti ore was found to contain approximately 2.5 C/r pent- 
landite, I % chalcopyrite, 8 % pyrrhotite and various silicates. 
From the metallurgical point of view i t  was necessary to sepa- 
rate the chalcopyrite from pentlandite. creating two concentra- 
tes. This proved difficult in  early testwork. However, i t  was 
observed that nickel recovery was a little lower in those rougher 
flotation tests where dextrin was used as a slime depressant than 
in those where i t  was not. This gave risc t o  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 t o  be IS ininutes. However. not long alter the 
test got underway the operator was called to the telephone and 
forgot the flotation for an hour. Thus the beneficial effect o f  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 first results were confirmed by a test series but the inain 
problem was nevertheless solved by accident'"'. 

Inco adopted the same process at the new Thoinpwn Lake 
concentrator in  1960. a s  a result of a visit hy Into'\ 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. Profe\sor 
J Laskowski from the University of British Columbia again 
found this dextrin method interesting. 

Copper slag 
Slag refining by flotation. as practiced at the Harjavalta Works, 
isalsoan interesting inethod from a widerpoint ofview""'. while 
Tnco uses flotation in the separation o f  nickel from copper 
matte'"'. 

In addition to metallic copper. the slag contains the valuable 
minerals (Fig. 5) chalcopyrite. CuFeS,; chalcocite, CqS;  dige- 
nite. CU,~S,. and bornite. Cu,S.CuSFeS. The prerequisik for the 
refining process to be succe&il 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 lnco matte treatment. In  
spite of the slow cooling, a fine grind is necessary t o  deliver at 
least 98 5% 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 Y4-95 $6. 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 t o  
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 inade 
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'snickel ore. In addition to pentlan- 
dite and chalcopyrite the ore contains tnaccinawite, (Fc,Ni)S; 

Fig. 5. Slowly cooled flash furnace slag. The basic material 
consists of gray coarse-grained fayalite ( I )  with light ferrite as 
intergrowths (2)  and often lined by tearsheaped concealed glass 
material (3).Big,  deformed, light-gray grains are solid solution 
of bornite-digenite (4) with copper wires in it. The glass con- 
tains sinall sulphide mixture grains. 
Kuva 5. Hitaa,sti jiiiihdytettyii liekkiuunin kuonaa. Perusmateri- 
aali sidtiiii  harmaata karkearakeista fayaliitia ( I ) .  jossa on 
vaaleaa ferriittiii sulkeumina ( 2 )  j a  usein pisarainuotoista jäiih- 
tynyttii lasia (3). Suuret deformoituneet vaaleanharmaat rakeet 
ovat jiihnieiinii liuokvma olevaa borniitti-digeniittiä (4). jossa 
o n  kuparilankoja. Lasi sisiiltiiii pieni2 sekasulfidirakeita. 

violarite, (Ni,Fe),S,; and vallerite. CLIF~ ,S , .~ .M,~(OH) , .~ .H ,O.  
which is very difficult to float'"'. The &stone of Hiiura Ïies 
deep in the stil-rounding esker sand. 

Siilinjärvi 
Successful flotation is the key to exploiting the Siilinjärvi 
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 5% 
apatite, I6 56 calcite, 3 % dolomite. 65 56 different micas and 6 
% other Glicates'"'. The similar cation in the lattice of apatite 
and calcite caiises 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 Siilinjiirvi 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 s e r i a  were needed both i n  the laboratory and at the 
pilot plant built in the mine area. There was also a sinall tailings 
disposal area near the pilot plant. However, as a result of this 
work, Siilinjärvi 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"41 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- 
ject o f a  long periodofexploration andresearch workcarriedout 
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 ofthe talc business. Hepersuadedthe 
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 cominon- 
ly used method in our country. Adaptations of methods based on 
density differences between minerals form the third most popii- 
lar technique. 

Otanmäki 
The Otanmäki ore contained about 35 % magnetite, 1 c/o pyrite 
and 28 % ilmenite!2h1. The magnetite was concentrated by low 
intensity magnetic separators but both pyrite and ilmenite were 
floated. The design brief for the Otanmäki 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 iniist both be kept to a 
minimum. 

Kemi 
Diver Matilainen’s discovery of chrornite ore lumps i n  the fall 
of I959 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. Proces5ing 
behaviour of the mineral assemblages varies even within the one 
orebody’” 2 8 1 .  The Cr,O?-content ofthe ore is about 26 c/r and the 
Cr:Fe ratio is as low-as 1.6, when the metallurgical demand is 
3.0. To eliminate 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 tloated simultaneously with 
one and the same collector. For environmental reasons wc 
wanted to test other methods as well. The results obtained with 
Humphreys spirals, tables, etc were reasonable but the cap 
ties of these machines were too low. Then the Reichert cone 
solved this particular problem and has become the most iinpor- 
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 ofthe Reichert 
cones. 

The middling, that is the olivine grains within chrornite 
particles (Fig. 6) have continued adversely to affect all proces- 
sing methods, while the presence of fine magnetite dissemina- 
ted almost everywhere in the ore remains a nuisance. Even so, 
by using different methods simultaiieously, 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!3u’. On the other hand, after a promising 
start, the marketing of sauna-stones was abruptly halted by the 
company’s Head Office. 

CONTROL 

Fig. 6. Olivine inside chromite. 
Kuva 6. Oliviinixulkeumia 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 niade 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 SO years ago 
as he stood beside a flotation cell with apack ofpH-papers in his 
hack pocket. 

MACHINERY 

The machines used in concentrators SO years ago were small 
compared with those of today. Everywhere. including i n  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 Falleniu. . 
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 in’. 

In the 196Os, systematic development work \tarted on the 
instrumentation and automation ofthe process industries, mine- 
ral concentration included. At the Otanmäki concentrator a 
rather simple X-ray analyLer was developed, though insuffi- 
cient financing evidently prevented completion of the project. 
Outokumpu Oy’s Courier X-ray analyzer was. after some pre- 

Fig. 7. The impeller of OK flotation machine, the product of 
~ ~ , ~ ~ k ~ ~ ~ ~ ~  oy, 
K~~~ 7. OK-vaahdotLIskoneen roottori. Outokumpu Oy:n tuote, 
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Fig. 8. OK 100, the flotation machine ot I00 CLI in, the product 
of Outokumpu Oy. 
Kuva 8. OK 100, 100 m':n vaahdotuskone. Outokumpu 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 havebeenomittedfrom thisdiscussion, for instance 
in the field of concentrator design and construction, as well as 
in the research department. But i t  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 VIRSTANPYLVÄÄT 

Suomalaisen rikastustekniikan muutamia tärkeitii kohtia on 
lyhyesti kiisitelty ja  yritetty verrata niitä kunkin ajan yleiseen 
alan tietämykseen. 

Ensimmäinen mainittava asia oli Orijärven rikastamossa 
19 12 toteutettu, tosin epäonnistunut vaahdotuskokeilu. Outo- 
kummun vanhassa rikastamossa vaahdotus otettiin käyttiiiin 
1928. Teknillisessii korkeakoulussa 1937 aloitettu yhtenäinen 
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teollisuudelle ensiarvoisen tärkeä. 

Outokummun malmin autogeenijauhatuksen kokeilut ja to- 
teutus ovat vaikuttaneet lähes kaikkiin maamme rikastamoihin 
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niiiii-itieto Oy. Hel\inki 1987. pp 153-1 55. 
2h .  K i o ~ o i i r ~ i i r i .  Urmos: Otaniniien ri kastanio. Vuor i teo l l i~uus-Berg~hante-  
i-ingen. No I 19.55. pp 20-28. 
27. Kiijoiiptrti, J :  Kemin nialnnie\iintymän geologia. Vuoriteollisuus- 
Bere\lianteringeii. N o  2. 1972, pp 92-93. 
28.  Vt,/fht,irn, V: On the geology of the chi-omite deposit at Kemi. North 
Finland. I n  On the pro\pecting and geology of the Kemi chroniite deposit. 
Flnland. Geol. Survey of Finland: Bulletin de la Comm. Geol. de Finlande. 
Nr.  104, Helsinki 1962 pp  32-66. 
29. T~ro1~1r7rrr. H: Ferroki-omin tuotanto Outokumpu Oy:n Tornion tehtail- 
la. Vuoi-iteolli\uu\-Bei-gsli~iiiteriiigeii, No 2. 1971. p 102. 
30. L i i A k t i r i ~ ~ t , ~ ~ ,  T,  Ht>iAki/¿i, L: Beneficiation of chroinite ore. Kemi. 
Finland. I n  Proceeding\ 10th IMPC, London 1973. IMM 1974, pp 
Xh9-XX4. 
3 I . Soorhc~lo, Kviisti: Jatkuvatoiniisen riintgenlluoresens~ianalyysin 
uudet sovellutukset. Vuoriteollisuus-Bergshaiiteringen, No I 19x2. pp 
56-6 I .  
32. Fu//~,r!iir\, K :  Outokumpu Flotation Machines, I n  Flotation. A M 
Gaudin Memorial Volume. Vol. 2. AIME, New York. 1976. 

H. . ~ t ~ a v ; i l t a .  .' Woi-Id Mining. J U I Y  1971. pp 32-37. 

noina luokittimina. Tapa levisi nopeasti kaikkiin uusiin rikasta- 
(noihin. Vaahdotuksen alalla toteutettiin uusia oivalluksia mm. 
Kotalahdessa, Siilinjärvellä ja  Harjavallan kuonarikastamossa. 
Lahnaslammen talkin rikastuksen onnistuminen on vaikuttanut 
maamme paperiteollisuuden tiiyteainevalintoihin ja  uusien talk- 
kiesiintymien hy6dyntämiseen. 

Jatkuvatoimiset automaattiset analysaattorit Ja  prosessien 
tiijär.jestelmät sekä uusiin ideoihin perustuvat suuret vaah- 

dotuskoneet on mainittu esimerkkeinä laitteiden ja  koneiden 
kehityksestä. 

On valitettavaa, että monta arvokasta ja  kiinnostavaa kohdet- 
ta o n  ollut pakko jättää tarkastelun ulkopuolelle. 
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I n  M e m o r i a m  

OLAVI ANTERO AURANEN 
3.9.1937- 8.1.1993 

Filosofian kandidaatti. toimialapiillikk6 Ola\ i Antero Auranen kuo l i  
8.1.1993. 

OlaLi Auranen syntyi Kiskossa 3.9.1937 ja tul i  ylioppilnuL\i Snlon 
yhteiskouluita 1957. Hin opitkeli geologiaa j a  mineralogiaa Turun y l i -  
opistossa j a  valmistui filosofian kandidaatiksi 1970. Sotilasar\ oltaan 
han oli luutnantti. 

Malminersintägeologin uransa Olavi Auranen aloitti j o  opi\helua 
naan silloisen Geologisen rutkimuslaitokicn pal\  eluk\es\a toimien k 
ajat harjoittelijana. Noihin aikoihin sisaltyy my6 
tematiikan j a  luonnonhistorian opettajatoiminta 
tumisensa jiilkeen hän tul i  Geologian tutklmusk 
geologiksi cuonna 1970 j a  muutti seuraavana vuonna ensimmiii\ten joii- 
kossa Rovaniemelle Geologian tutkimuskeskuk\en Pohjoi\-Suometi 
aluetoimistoon. Vuodesta I979 lähtien hhn toimi ru tk imu\ke \kuk\en  
Poh,jois-Suomen inalmitutkirnusrylimiti \astuullisessa piiiillikon tehrii- 
v ä w i  ja  myöhemmin vastasi koko raaka-ainesektorin t o i i n innas ta  toinii- 
alapalillikkiinä sekä toimi aluejohtaJfin sijaisena. Olavi Aurasen luhu i s i \ -  
ta luottamustoimista mainittakoon jasenyydet Geologiliiton hallituhws- 
sa  ,ja Vuoriiniesyhdistyk~en geologijaoston johtokunna\sa. Suomen Geo- 
logisen Seuran jäseneksi hän tuli vuonna 1966. 

Olavi Aurasen malininetsintiityd kohdistui Pohjoi~-Suoiiierii.  Hiin 
tynskenteli Ina r i su  Ylitorniolla, Näränkii\narassa. Koi te l i i i  
konkoskella, Kilpisjärvellä ja  monissa muissa kohteissa. Johtajana hiiii 
vastasi Pohjois-Suomen alueen malminetsiniiiiistii hyviilld tuloksclla. 
Hänen aikaansa on sisältynyt useiden kultanialiniesiintyniicn mcne\tyL- 
sellinen Idytaminen Ja  selvittäminen ,ja aivan viinieaihojen niittavia nii- 
kljaloja antavat uudet esiintymälöydtjt. Niiitii voidaan pitdä selkeiinh 
osoituksena Olavi Aurasen johtaniistaidoi~ta. Asial l i \en j a  rauhallisen 
johtajan takana oli myös eloisa, inielenlaadultaan a v a r a  tytitovei-i. 

Olavi Auranen tunnettiin tasapainoiwna Ja sosixilise\ti ;ijattclcvano 
henkilönii tyiiyhteiaiissi. Perusluonteentaan va¿itiiiiattotiiaiia hdn e i  luo- 
nut esille aviijaan, mutta häi i  tunsi varmasti parhaiten Lapin malminc& 
sinnän moninaiset ongelmat ja  oli myiis oikea n i ic \  i i i t i i  ralhomaan. 
Hiinen kuolernanw juuri nyt, malminelsinniui menestyksen hetkillii, o n  
valitettava menetys tällä tärkeällä geologisen tutkimuksen saralla. 

Vuorimiesyhdistys r.y.:n geologijaoston jiisen O l a v i  Antero Auranen oli 
vuodesta 1973 lähtien. 

Toi i i i  it u h  

AATTO JOHANNES LAITAKARI 
23.3.1923 - 2.4.1993 

Aallo Joli;inne\ Lnitnknri syntyi Äht 23. j .  1923. tuli ylioppilaaksi 
J )  1 ii\kylii\\d 1042 ja valmistui filosofian kandidaatiksi Helsingissä 
1954. Hiin oli .jatho\odati \ e te rxu i i .  yliluutnantti. aiemmin pioneerijouk- 
krleen .johtaja. "Poika" Aaton kuten ¡kato\ ereittensakin nuoruus h iv is i  
\odiiti tiieI\ke¡\i¡n. "Ka\ eria ei jatetä" -periaate siiilyi hanen rauhanajan 
toinii\\nankin o w i t t a c n  sirh inhimillistä lämptiii j a  iloa mirä  hänessli 
rllll\ ' l~l\li o11 

Rintamaij~iukoist~i hotitituminen to i  etee luii ja  ylioppilasyhtei- 
\ t i n .  j(i\s;i Aatolla oli "tuhat teht?¡\ iW ede n HYY:n edustajistos- 
\;I Doin t i~  Academican j a  Kai\ okadun iin rakennusvaiheissa 
( l94X-5 I ) .  SYL:n hall i tukse\\o (pj. 1955~.  Tiedekuntien keskusjärjes- 
t¿)\\ii (p,j. 1953). Ke\ki\uotnal3i\es~a osakunnassa (isiintil 1945-46. ku- 
I a a t t o r ~  1954-57) .ja Va\arassa (pj. 1952). Kaiken t i m a n  hän teki itsehin 
\sa\tiimittii .ja \ alinistuikin geologik\i 115. kupparikurssilta huonnit 1954. 
Valmi\tuini\en .jilkei\esta .jäi:jestiitoiminnasra mainittakoon Keski-Suo- 
inen Seniot-it (pj .  19.58-82). VMY:n geologijao\to (pj. 1962) j a  Geolo- 
fillitto (p.j. 1064-69). Myiis veteraanity6 oli hiinelle läheistä. Sodan j a  
rauhan;ij;in an\ioi\taan Aatto on palkittu lukuisilla kunnia- Ja  ansiomer- 
heillii. 

Geolopisen tutkiniu~laitok\en palveluksessa Aatto aloitti j o  vuonna 
I939 harjoittelijana j a  edel leen ti i tkiniusassistciitt ina. Malmigeologin 
u I a  a l k o i  \ uoniiii I956 ja .jakaantui kolmeen vaiheeseen: Malminetsintä 
j a  hansanniiytetoiiiitnt~i keskisessii Suomessa. valistus- ja  kansannhyte- 
t ~ i i m i i i ~ a  hoko maassa j a  ennen eläkkeelle siirtymistäiin Ni-kriittisyyden 
Lai.toitu\ Mikke l in  Iiiiinin alueella. Hiinen nialminetsintäperiodinsa mer- 
kiltdvininiät i i iydiiksct olivat Siiviin j a  Kanpasjarven Zn-Cu -esiintymht. 
j o i s t i i  viimeksiinainittu on hyBdynnetty P y h j d m e n  kai\oksella. Valis- 
t u s l o i i n ~ i i n a n  \ u ~ r i n a  tuloksina mainittakoon Pyhhsalmen Ja Lieksan 
ninlmiestiiityniit j a  lukuisat o \a t  ne lohkareet. inalini-indikaatiot. joita 
kaii\~iiiniiytctoiiiiistot ovat vastaanottaneet j a  jotka vielii ratkaisuaan 
odottavat. Valisrustoiiiiintaati 1 i i t ty i  opetus- ja  tiedotustoimintaa yhteis- 
kunnan eri tasoilla, ideointia j a  taustatyiitä. Tähän sektoriin voidaan 
lukea ne inonel epiimct;illisten inalinien kuten rakennus- ,ja korukivialan 

hdnen aviistuksellaan o n  polkaistu käyntiin. Viela elrik- 
nkin, vuoden J 986 jiilkeen, hän toimi alan taustavaikutta- 

I 3 Ila. 
Alais i l leen Aatto J .  Laitakari oli "Pomo". Pomo. joka nautti alaistensa 

Itiottaiiiustii j a  alaiset hänen. reinen tyiirytini kuljetti häntä ympäri 
maata, py\iihdykset tyiipihtei jiiivät pakostakin lyhytaikaisiksi. Po- 
iiioii tulo tukikohtnan oli a ina  lahctki. Silloin kiiytiin läv i tse tapahtu- 
i ieet .ja ~uuiinitcltiin uudet työtehtäviit. Joskns tietenkin voitiin lyiidi¡ 
ko r t t i a  l a  kirkkaana kaikui Pornoii nauru. kun s a i  pennin tikin kotiin. 
Epiivii-allisiiii asioihin kuului myiis alaisten. jopa kyliiläistenkin henkilii- 

". Aatto hoiti runsaasti epäoikeudeiimukaisesti koh- 
nimiirrettyjen asioita, jopa kihlakuniianoikeudessa j a  
kun muut olivat Jo  uneen vaipumassa kuului Pomon 

huonee\ta vielii kiijoituskoneen tasainen naputus. 
Viime maaliskuun 23. piivinii Aatto J .  Laitakai-i tiiytti 7 0  vuotta. Vain 

viikko ehti tästä kulua.  kun hrin illalla nukkumaan mennessään tarttui 
Riitta-vaimon kiiteen \anoen "rakas" j a  \itten ummistaen silmänsä ikui- 
reen uneen. Aaton inaallinen vael lus päättyi Hietaniemen hautausmaan 

J.T.. M.H.. LKK 
Vuorimirsyhtlisty\ i-.y.:n geologijao\ton jäsen Aatto Johannes Laitakari 
oli  L uode\ta I955 lahtien. 

Toimitus 
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ERNST BORIS ALANDER 
16.6.1903 - 8.4.1993 

PAUNU JUHANI OIVANEN 
22.1.1930 - 10.5.1993 

EI-n\t Boris Alander gick ur  tiden t lcn 8 april 1993. Han fiiddes i Wil l -  
inanstrand den 16 juni  1903 och blev student frân Viborgs s \en \ka  
lyceum 1920. Han a\,lade diplomingenjdrsexainen vid Tekniska hiigsko- 
lan i Finland. Maskiningenjdr\a\ delningen. Studieriktningen for maskin- 
byggnad. redan âr 1925. 

Ernst ingick iktenskap med Eva Hildegard Henriksson och till\arnmnn\ 
lick de tre barn Brita. Ern\t Olol  och Kla\.  

Vid Kyrnniene Ab. Kuu\anko\ki fich Ernst t i n  första anstillning \om 
\ erkstadsingenjöroch assistent \ id \wkstadcn och &ng-avdelninpi  1925- 
1928. Under &ren 1930-1935 funktionerade han som rationaltserinp~in- 
genjiir, i ren  1935-1 93 I \om chel  í'¿jr \ erkstaden. fabrikshyggnad\avdel~ 
ningen och ritkontoret. allt hos \an ima företag. Sedan flyttade Ern\t t i l l  
Karkkila dir han vei-kade soin tivct-inpcnj¿jr vid Hiigf'ors Bruk &i-en I94 I - 
I966 samt sisoni disponent fiii- l(iretaget åren 1966-1968. vnrefter han  
gick i en välfört.jiint pension. 

Ernst Alander hade cii l ing i-ad av olika ftjrtroendeuppdrag av vilka vi 
hiii- shall nämna fiiljande: Vcrhstndsingen,jiirsfiireningen i Finland, styrel- 
semedlem 1935-1 961. Finland\ Gjureritekniska Förening. styrelseordf¿)- 
randc 1948-1952. Bergsiiiatinalh~ciiiiig~ti. styrelsemedlem 1950- 1952. 

Bland de medlemskap som Ei-n\t dessutom innehade i olika fhreningar 
han nämnas: Tekniska Fiirentnsen Finland ( 1927). Lampö- j a  Vesi.iohto- 
tehnillinen yhdistys. Sverige\ G~iuteritehniska Förening. VVS-tekni\ka 
fhre i i  i ngen, Am er i can Foundl-y nie II ' \ Society, 

Ern\t Boris Alander var medlcm i Vuoriini hdi sty s - B ei-p\iiia ii nii-  
hreningen r.y.:s metallui-gi\ektioii ft-ån och med i r  194.5. 

Studieresor fiiretog Ernst t i l l  de lle\ta europeiska länder och USA.  
Walter Ahlstrdm stiftelsen\ \ l ipendi t in i  crhbll Ernst 1928-1929. Han 
u tn imndcs  ivcn till hedersledamot i Gjutcritckniska föreningen. 

Ernst deltog i både v i  iitcr- och l.orl\iitlningskriget som iiigeiijdrskapten. 
Han tilldelades fört,jänsleckcn och c iv i la  ordnar för sina insatser: Kon-  
inendlir av Finlands Lejons Ortleii, Riddare a\' Finlands Vita Ros Orden. 
Frihetskorset 4. Minnesmed;il~jcrtia l¿ir deltagande i 1939-1940 i r s  krig, 
och 1941 -1045, Förtjiinstmedalj l i r  deltagande i bcfolkningsskydd\ar- 
betet. Frihetsinedalj 2 fdr nicdbot-ge~-liga förtjänster. 

Av Ernsts särintressen k a n  vi i i i i i i i i i i \  jakt  och fiske men i synnerher h m \  
stol-a hobby. biodling. 

Ernst Bori\  Alander varen  Iing\ i \ t  a v  mitt.  han behärskade f¿irutom \¡tt 
\ \ en \ha  modersmal d\ en f insha .  t)\ha. engel\ka och ryTka 

Vi alla fiireningsnicdlciniii~ii- got- honiilir för den gode Ern\t. 

Filosofian kandidaatti. geologi Pn~inti l u h a n i  Oi\anen kuoli 10.5.1993. 
Paunu Oivanen syntyi Hel\ingi\sii 22. I .  I930ja tuli ylioppilaaksi Kallion 
yhteiskoulusta 1950. Hiin opiskeli Helsingin yliopistossa maantiedetth 
seki  geologiaa j a  niineralogtaa \a ln i i \ tuen  filosofian kandidaatiksi 1956. 
Pitkan tnalniinetsintauran\a Paunu Oivanen aloitti j o  koululaisena mill- 
minäytteiden Iahettijlnii j a  ke\h;ipulai\ena silloiressa Geologi\ 
kimuslaitoksessa. Hinen n i a l m t ~ i n n o s t u k ~ e n s a  ei varmaankaan 
n y t  opintomatkasta Sultt,jelman kai\ oh\illc 1948 Ja  Luontoliito 
\e\ ta harraslusmerkistä 1949. inikii myi>nnettiin hinelle "Hel\ingin \et]- 
c lun  malniikaivokset" -hultamerhhitydstB. Valinistuinisensa jälkeen O¡- 
vanen toimi malmio\aslon rutkimusas\istenttina j a  apulaisgeologina sehii 
vuodesta I962 geologina malmiosa\tos\a j a  Etelä-Suomen aluctoimis- 
tossa. Vuodesta 1984 Oivanen toimi nialiniosastoii Erelä-Suoincii tu th i -  
rnuaryhmin sekii aluetoimistoii malinitutkiinii\ryhinäii vastuulli\ena 
päiillikkljnä j a  vastasi aluetoimiston kansanniytetutkiniuks~\ta elikkeel- 
le siirlyniiseensii tainniikuuhun I993 saahka. 

Paunu Oivasen inalminct\intiityii heskitryi aluksi PohJois-Sa\ on mal- 
tnitutkitnuksiin j a  niyöheiiimin Poh,janmaalle tina- j a  antinionitutkimuk- 
siin. Piikaupunkiseudun geologia l a  tnaliniaiheet olivat hänen erityisen 
inielenkiintonta kohteena \atnoiii kuin ulhanologia. Oi\ asen er inoma- 
tien makroskooppinen iiiineraalittititetntt\ !muistetaan hyvin. Hanen ILI-  
ku i s i l l a  ulhoniaaninatkoillaan feo los i \c t  kohteet olivat usein tit-kedlla 
\ijalla. 

Paunu Oivasen 1uottatiitistelit;ivistii tiiaiiiittakoon Helsingin yliopistoii 
ylioppilaskunnan edustajiston nyy \  1954-1955 ja  Geologisen tuthi-  
muslaitoksen henkilii\ttincuvo\toii puheeti.johrajuun 1 978-1 979. T L I ~ ~ I -  
mu\keskuksen suojelujohtajana hiin lehi mitta\ an tycin vuosina 19x4- 
1992. 

Paunu Oivasen luontohnrrast~is ei rajoit tunut geologiaan. Lihiystiivht 
saivat nxuttia hänen kasvi- j a  cl;iinluntemuksestaan sekä matkoilta t u o -  
niistaan kasviharvinaisuuksi\t;i. Ra1 liautoi Iu oli hänen nuoruuden harras- 
tu  k\ iaai i .  

Paunu Oivanen tunnettiiii tyiiyhtci\iissii huutnorintajuisena j a  huoleh- 
t ivana isiihahinona. Per~~sluonteeltaati vaatimattomana hän ei tuonut esil- 
le aviijaan. mutta hinen pitkhiin Lohemuk\een\a .ja asiantunteriiuk\cen\a 
\aattoi aina turvautua. 

Esko Riii \:i ii c i i  

Suomen Geologisen Seuran ,jh\ench\i O¡\ iineti tuli 1950Ja Vuorimie\yli- 
distyr r.y.:ii gcologijao\ton whii (;cologiliiton j i k n i k s i  1958. 

Toi ni i t  u \ 
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HERMAN EMIL STIGZELIUS 
14.8.1917 - 10.5.1993 

Geologian tutkimuskeskuksen entinen ylijohta.ja, professori, tekniikan 
tohtori. kutiniakullankaivaja, teolli\uusneuvos Herman Emil Stigzelius 
kuoli pitkällisen sairauden murtainima 10.5.1993. Hiin oli syntynyt Hel- 
si ng i s\ii 14.8.19 17. 

Herman Stigzelius syntyi monilapsisen perheen kuopuksena itsenäis- 
tyviiän Suomeen. Isä-insiniiiiri hivisi Veniij2n vallankumouksen pycirtei- 
\¡in Tiistiikii johtunee. että kuopukaehta kasvoi itsenäinen, usein jyt-kis- 
t i k in  asioihin kantaaottava persoonalli 
luheneisuu\ onneksi pehmensibät it\en. ja  itsepäisyydestä \,iì- 
h i \ i n k i n  johtuvia yhteenottoja. 

Hän  valmistui diplomi-insini,i,rik\i 22- j a  tekniikan tohtoriksi 27- 
v~iotiaaua. ja nimitettiin teollisiiustieu\ok\eh\i 29-vuotiaana nuorimpana 
Suomesta: tama kertoo nuoren miehen tahdonvoimasta. Hän aloitti alii- 
mattiuran\a Oy Vuoksenniska Ab:n Havet-in kaivoksella 1940-45. jossa 
tuotettiin sotavuosina kipeästi tarvihetniamme kuparia j a  kultaa. Kaup- 
pa- j a  teollisuusininisteri8n päällikkiinii 1946-70 Herinan Stigzelius 
vaikutti paitsi malmietsinnän ,ja kaivoslainhäiidännin myös kaivostoi- 
n i i n n a n  ripeään kehittymiseen maassamme. Hiilen tarkastusvierailuiisa 
louhoksille j a  kaivoksiin aiheuttivat pientii värinää niskanahassa. Koko- 
naan toisenlainen oli tunnelma silloin. k u n  hän saapui kaivokselle har- 
joitte~ijaporukan kanssa. Hän opetti nimit thin sivutoimenaan kaivosinit- 
tausta Teknillisessä korkeakoulussa. 

Hetman Stigrelius toimi useaan otteeseen Yhdistyneiden Kansakun- 
tien malminetsintä- j a  kaivosalan a\iaii tunti jatehtävis~ä, Vuosina 1961 - 
62 ,ja 1963-64 Boliviassa. vuodet 1967-70 Neu Yorkista käsin use¡\- 
\ a  kehitycmaissa ympiiri maailman. Sielta han saapui Geologisen tutki- 
m~islaitoksen ylijohtajaksi 1.4.1970. Hiincn aikanaan GTK k 
400 henkiliin laitoksesta yli 800 henki l t in keskus\ irastoksi. 

eläkevuotensa 19x0-X.3 hiin vietti YK:n palielukse 
idonesiassa, Aasian maiden kaivosteollisuutta edistän 
i useita nuorempia s~ioiiialaisia ammattimiehiä saman a- 

paisiin tehtaviin luoden niiin perustaa kansainv~ilistyni~sellernine. Hiinen 
a ikanaan  geologinen yhteistyi, ni in  idiiin- kuin lännenpuoleisten naapu- 
i-eidcnkin kanssa sai vakiintuneet muodot, iiim. Nol-dkalott-prqjekti aloi- 
tettiin. 

Herman StigLehksen nionipuoli\uu\ .ja vhrikkyys kuvastuvat hänen 
in: maalauksessa. n~iytteleiiii\essäja kirjoittamisessa. Mni. 

ßniidungissa h i n  toimi kalisainviilisen a\iantuntijakaartin näytelmäker- 
hoh\a. Osa hiinen virkamiehenä tai-vitsemaansa neuvotteluta~toa, mm. 
Neuvostoliitto-yhteistyiishä. varmaanhin pohjautui osaltaan näyttelijän- 
hy  hy i hi ii. 

Parhaiten "Hermanni" kuitenkin tunnetaan Lapiii kullan ystäv2nä. Jo 

taan. Tämän aistii elävästi lukies\aan liiinen bestsellet-iksi niuodostunut- 
H. 'i\ ,,- ti i s s a  ja  sittemmin Lcmincn,jocn tnrknrruhmatkoilla hän rakastui kul-  

jaansa Kultakuume. Lapin kullan hi \ toi- ia .  Sit2 kirjoittae 
an nauti\keli. kuli hinen luonteen~a  kaksi jyrkästi  erilai 

sakti. pikkutarkka historioit\ija .ja i i -Aamies ?ekä hull aton hohee- 
mi.  nautiskelija j a  seikkailija - tai\teli\at hc\henään. Huumori j a  hau\- 
hnnpito ottivat aina coiton. 

Tankavaaran kultakisa Iii o l i  tapana avata Kultamu\eossa siiily- 
tcttävä hattureuhkansa p i i  .ja kaikkia osaaniiaan kieliä kiiyttäen: 
h in  oli seuramies ylitse muiden. 

Herman Stigzeliuksen asiantunter~i~ista hyiidynnettiin hyvin monisw 
elinkeinoelämän luottamus- j a  neuvottelutehtävissä. mm. Otamäki Oy:n. 
Suomen Malmi Oy:n ,ja Suo Oy:n Johtokunnissa, Vuorimiesyhdistykses- 
\ii ,ja Geologisessa seurassa. Hiin oli Vuoriteollisuus - Bergshanterin- 
gen -lehden päätoimittaja vuodet 194-67. VMY palkitsi hiinet Eel-o 

pin Kullaiikaivajain Liiton kunniakullnnkaivaja ja  Outokummun kunnia- 
kalvosinle\ j a  hanelle myonnetti in SV R:n  komentajamerkki. 

Herinan Stigrelius IRy\i ke\iim¿ikkinsa kupee\ta Rom\ai-bysti  1500- 
I 6 0 0 - I u ~ u ~ l t a  periiisin olevia ~ i i i i l i i i~ t i e l~~ t i~ i i i~ i  ja  kaivostoiminnan mei-k- 
keJa Niiden keskellä h in  eli Ja  samot\\a mai\enii\sa hän sai p ä i t t h i  
I - ikkaan eliiniin\ä. 

Kalevi Kauraune 

Vuorimiesyhdistys r.y.:n geologiJao\ton sekä kaivosjaoston jiircii Her- 
iiiaii Emil StigLelius oli vuodesta 1943 Iiihtien. 

Toimitus 

M:'h' 'I i nen  -mitalilla Ja  GS kunniajä\enyydrllii. Hiinestä tehtiin myiis La- 



VEIKKO OLAVI VÄHÄTALO 
4.8.19094.6.1993 

PERTTI HEIKKILÄ 
28.4.1950-6.8.1993 

Kalliotckniikan v s .  professori, tekn.tri Pertti Heikkilä poirtui odottamat- 
ta keskuudestamme syyskesiilli 1993. Pertti oli \yntynyt Virolahdella 
28.4.1950 ja  suorittanut ylioppilastutkinnon Virolahden yhteislyseossa 
vuonna 1969. 

Pertin hyvin alkaneet opinnot Teknilli\en korkeakoulun Vuoriteolli- 
suuwsaston kaibostekniikan opintosuunnalla keskeytyivht diplomityö- 
\ aihewsa kesällä 1974 vakavaan inoottoripyoi-hoiinettomuuteen. Sisul- 
laati Pertti kuitenkin knntoutti itsen\&. ho i t i  diplomityiinsä eri kovame- 
tallityyppien khyttiytymisesti  poraukw\\a loppuun. j a  valmistui diplo- 
mi-insinöbriksi vuonna  1977. 

Toimittuaan louhintatekniikan laboratorio\\a tutkijana ja  assistenttina 
Pertti siii-ty¡ \ uonna 1980 Tampereelle 0)) Tampella Ab Tamrockin 
tiitkiinusinrin~~öriksi. Kahta vuotta myi~heiiimin hhnet nimitettiin tutki-  
muspiiällikbksi. 

Perheenlisäys toi Pertin takaisin piiiikauptinkiscudulle vuonna 1987. 
Työpaikka oli myös tuttu. kalliotekniikan laboratorio Teknillisessä kor- 
keakoulussa. Vanha lempiharrastus. kallion särkeminen, sai nyt kääntei- 
s i i  muotoja, kun piti raada aikaan mahdollisiiiiman kestäviiä mursketta 
tiepinnoitteisiin. Asfalttipinnoitteiden ttitkimusoh,jelniasta tu l i  materiaa- 
l i  \iiitbskir,jaan, jota Pertti puolusti Lunnialla hevbttalvella 1991. 

Hoidettuaan vuodesta 1989 alkaen kalliotekniikan yliassistentuuria 
Pertti määrättiin hoitamaan kesiisti I993 ka l l io tekn i i lan  professorin vi- 
ran\ijaisuutta, tyatä, jota hän ei ehtin) t tu \k in  aloit taa ennen poismeno- 

Pertin kuiva englantilaistyylinen huumori j a  o m a n  alansa kiistaton 
ii\i;uitunteniu\ siilyivät kaikkien hanet tuntei ic idci i  mieli\\ii p i t k i i n .  Hä- 
nen tydkapasiteettiaan j a  asioiden tekemi\tii c a l m i i k i i  saakka ei rule 
olcmaan helppoa kor\ ata. Ajaessamme e i i t i \ l i i  hrstB\ amiiiin phällystet- 
t s j ä  teitä tai katsellessamme entista suorempiu porareikiä näemme myös 
Pertin kiiden jiiljen. 

ililll. 

Tiinan Ja  lasten surutin osallistuen. Pei-ttii muiataen. 

Pekka Siirkkä 

Outokumpu O y : n  Mali i i inetsintdo\i i r t~~i i  perustaja. filosofian tohtori 
Veikko Olavi Vdhiitalo huoli Helsingissä 4.6.1993. H i n  oli syntynyt 4.8. 

in ctcli ir inteellä maanviljelijän perheeseen. 
ka niiki eliimän kovuuden Hennalan kasar- 

m i n  vaiheilla I i ihkuc\wan. Myöhemmin Salpausselän hiihdot olivat k o u -  
lupojan mielenkiinnon kohteena. eikh Lahdessa ollut mies cikii mikiiin. 
joka ei hyppyrimae\tl i  I a A e n u t .  

Tule\ a tohtori piiLi\¡ ylioppilaaksi Lahden Yhteiskoulusta I930 j a  
valmistui filowfian hanclidaatik\i Helsingin yliopistosta 1939 pääaineeno 
orgaaninen kemia. Geologia oli alkanut kiinnostaa Salpausselim ka\\,nttin 
opiskeluaikana. ;i Iiii i j o  kesillä 1935 Pohjois-Karjahsaa "\ i iur ta  
malm i i i  uuttaa" \ et ii in w k d  sen jlilkeen kesäis in Outohuinpu Oy:n 
kenttätöissä. 

Valmistuiniscn~a .jiilkeen Vähätalo toimi Geologisen toimikunnan v t .  
vuori-insinii¿irin;i. Talviwdan piiiityttyi h i n  siirtyi Outokumpu Oy:n pal-  
velukseen johtainaan ke\keytyneitä Y l6järven kuparimalniin tutkimuksia. 
K U I ~  kaivos päitcttiin pei-ustaa, Vähiitalo hoiti parin vuoden a.jnn isäniiiiit- 
sijän tehtäviä muidcn tiiiden ohella. 1943 tul i  siirto Outokummun kaivok- 
sen kaivosgeolopiksi. Tiimiin y l i  kahdeksan vuotta kestäneen kauden 
aikana alettiin suui i i i i te l l i i  uutta louhintaiiieneteliiiii ja  tuotannon siirtii- 
niistä malmin liin\iosaan. 

Kun Outokumpu O y  peru\ti I95 I Malininetsintäo\aston. Vi ih i t a lo  
nimitettiin sen johki . jak\ i .  Kah ta  vuo t t a  mydhcnimin hiin suoritti filo\olian 
lisensiaatin tutkinnon ,ja v i i i t t e l i  tohtoriksi Outokummun malmin geolof i -  
aa kisit tele\  i l l d  \ i i i t i ) \h i r j~ i l l~ i~i i i .  Tohtori jatkoi entisessä tehtii\ ii\\liiui .ja 
kehitti osa\to\taan I 5  \ t iodeii ku luc~ \a  maamme \uuri  imman malminet\in- 
nän organi\nation. KiyttOiin otett i in uu \ ia  geofysikaalisia j a  geokernial I I -  
sia ineneteliniii .ja hankittiiii niiden \ aatirnia laitteita. Tulokset oli \at  sen 
mukaisia. Luhui\ia uusi;~ ka i \  ok\ia avattiin tohtori Vahitalon johtaman 
osaston tutkiinu\teii tu lok\ ina .  Hiiien tyiinsä vaikutti kauan myiis omiin 
organisaation ulhopuolella. Tohtori Vihitalo siirrettiin yhtion apulais- 
päigeologiksi 1966. jolloin nihiinlat avartuivat. Eläkkeelle hiin jiii 1971. 
Joko Vähätalolla oli onni mukana tai sitten hinella oli Kiven muhainen 
"s i lm3  joka katroo liipitse kallion". 

Salpausseliiii l iarjante¡ Ila niikee k a u a s  eteläisen Suomen yli, j a  Veikko 
Vähätalosta oli kehittynyt aviirnkatwincn. pääasiat ja  mitättiimyydet erot- 
tava mies. M a l m i e n  ,]ii n i iden komponenttien tutkiminen on tarkkuutta j a  
k:' riisivalltsyytth - ' .' \ aativiiii ty6ti. j ossa  pettymyksiltiikiän ei voi v3lttyii. 
Tohtori Vähiitalo oli viilettu tiihiin muottiin. Ihmisen3 hiin oli vakaa, 
kuivan  ja nasevan huumorin kiiytti,j;i. "Siirrettiin jäähypeiikille" oli totca- 
nius nimityksc\tii apulai\p3iigeologiksi. 

Kun Vuorimie\yhdistys I-y täytti t in8  v u o n n a  50 \ uotta tohtori Viihiita- 
lo sanoi osallistunecnsa k a i k k i i n  \u>\i,juhliin yhdistyksen perustami\est;i 
1913 alkaen. Muita hiinelle Iiiheisiä yhdistyksiä olivat inni. Suomen 
Geologinen Seura. Suomen Mineraloginen Seura ja  Rotaryt. Helsingin 
yliopiston geologian ylioppilaiden yhdistysti  Vasaraa h i n  oli ollut perus- 
tamassa ja  oli sen cn \ immäinen  puheenjohtaja. 

Veikko Vihatalon harr ; i \ tuk\ i in  kuului urheilukalastus. jossa hiinell:¡ 
oli taitajan maine. Toinen harrastu.  nikkarointi, tuotti kauniita tulok\ia. 
Moottori- j a  pur,je\eneen teko  ei kuulu jokapojan käsitbihin. mutta tohtori 
teki nekin. Outokummun houden harrastuksia oli myös kuorolaulu. 

I987 tohtoi-i Viihiitalolle myiinnettiin Otto Triistedt -mitali. j o n h a  
Outokumpu Oy pei-usti I985 OutoLummun malmin löyddn 75-\ uoti \mui\- 

Vuorimiesyhdistys r.y.:n kaivosjaoston j;i\en Pertti Heikkilä oli vuodes- 
ta 1980 lahtien. 

Toi ini tus 

toksi J a  inalmin Iöytäjän. fil.tri hc.  Otto Trlistedtin kunniaksi. Tohtori 
Vdhatalo oli nimitetty myös Outokumpu Oy:n kunniakaivoamieheksi. 

Suuren malminuotan \ero on Veikon osalta piiittynyt. 
Sib tibi. terra lelis! 

Toi ini Lukkarinen 

Vuol-imlesylidistys r.y.:n geologiajao\ton .jii\eii Veikko Ola\ i Vähätalo 
\ ! is oli perustamisLuodesta 1943 alkaen. 

Toi ini tus  

111 



TOIMINTAKERTOMUS VUODELTA 1992 

Vuosikokous 
Vuorimiesyhdistyksen siiiintömaiiriiinen 49. vuosikokous pi- 
dettiin Messukeskuksessa Helsingissii 203.1992. Puheenjohta- 
ja Rainio Matikainen avasi kokouksen ja  esitti katsauksen 
maamme vuoriteollisuuden kehitykseen vuonna 199 I .  Yhdis- 
tyksen puheenjohtajaksi valittiin prof. Raimo Matikaiiieii ja 
varapuheenjohtajaksi TkT Aulis Saarinen. 
- Eero Mäkinen -ansiomitali ojennettiin DI, KTK Pertti Vou- 
tilaiselle tunnustuksena hiinen vuoriteollisuuden ja  Vuoriniies- 
yhdistyksen hyväksi tekeliiiistiiiiii arvokkaasta tyiista. 

Virallisten kokousa\ioiden jälkeen pidettiin seuraavat esi- 
tykset: 
- Ylijohtaja Markku Miikinen. Kauppa- ja  teollisuusministe- 
riö: 

Euroopan yhdentymisen merkitys Suomen perusmetalliteol- 
lisuudelle 
- Piiiijohtaja Jyrki Juusela. Outokumpu Oy: 

via tekijöitä. 

keissä. 

nyydestä Outokumpu Oy. 

Eräiden perusmetallien tuotannon kilpailukykyyn vaikutta- 

Jaostot kokoontuivat iltapiiiviillä omien erikoisalojensa mer- 

ravintola Kalastajatorpalla vastasi isiiti- 

Toimihenkilöt 
- Puheenjohtaja: prof. Raiino Matikainen 
- Varapuheenjohtaja: TkT Aulis Saarinen 
- Hallituksen jäsenet: 

TkL Hans Alleniiis 
DI Eelis Eskelinen 
DI Matti Heiniii 
DI Jorma Kemppainen 
Prof. Veikko Lappalainen 

DI Heikki Rusila 
DI Ville Sipilä 
DI Timo Vältti12 
TkL Matti Tyni 

- Rahastonhoitaja: LuK Marjatta Parkkinen 
- Sihteerit: TkT Heikki Laapas 

DI Erkki  Tyni  
TkL Martti Veistaro 

Yhdistyksen toiminta 
Hallitus kokoontui toimintakauden aikana viisi kertaa. Koko- 
uksissa ovat olleet Iäsnii inyiis jaostojen puheenjohtajat, rahas- 
tonhoitaja ja tLitkiinus\,altuuskunnan puheenjohtaja. 

Yhdistyksen lehti Vuoriteollisuus ~ Bergshanteringen on 
ilmestynyt kaksi kertaa. Lehden päätoimittajana on toiminut 
prof. Martti Sulonen .ja toimitusneuvoston puheenjohtajana DI 
Matti Palperí. 

Hallitus piiiitti perustaa yhdistyksen SO-Tuotisjiirjestelyideli 
koordinointia varten ohjausryhmän, johon kutsuttiin hallituk- 
sesta puheenjohtaja, varapuheenjohtaja. sihteerit ja jaostojen 
puheenjohtajat sekr Suomen Teräksen- ja  Metalliiituottajieii 
yhdistyksestii joht. Sirpa Smolsky, Oy Fundia Ah:staTkL Pertti 
Kostamo. Outokumpu Oy:stä TkL Tapio Tuominen, Imatra 
Steel Oy Ab:sta TkT Kari Tiihtinen ja Finnininersista ins. Erkki 
Matikainen. Ohjausryhmä on kokoontunut toimikauden aikana 
nelj ä kertaa. 

Yhdistyksen historiikia laatimaan kutsuttiin prof. Toimi Luk- 
karinen. 

Jaostot 
Pääosan yhdistyk5en j~iscntoimiiiiiasta on muodostanut jaosto- 
j en ak ti i Y i n en toi ni i n t ii eri in Liodoi s sa. 

J a o s  t o t cwat _i 8rj e s tiin ee t koul u tus- j a e si te1 ni ii t i 1 ai su u k s i a 
sekii atninatillisia retkiii jäsenistijnsä alalta. Tarkemmin jaosto- 
jen toiminta on esitetty kunkin omassa toimintakertomuksess~~. 

Vuorimies yhdistys - Berg smannaförening en r. y. 
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Jaostojen toimihenkilöt 
Geologi-jaosto: puheenjohtaja. FL Elias Ekdahl: sihteeri, FK 
Si A k u  Halonen. 
Kaivosjaosto: puheenjohtaja, DI Kimmo Kekki; sihteeri. DI 
Toininy Grahn. 
Metallurgijaosto: puheenjohtaja, TkT Kalevi Nikkilii; sihteeri. 
TkL Lars Helle. 
Rikastus- .ja prosessitekniikan jaosto: puheen,johtaja, DI Jouko 
Kallioinen; sihteeri, DI Jukka Karhunen. 

Yhdistyksen jaostojen jäsenmäärät 
Yhdistyksen jäsenmäärä 3 1.12.1992 oli 20 17. jossa lisäystii 
edellishuodesta on 38. Uusia jiseniii hyviiksyttiin 75 .  joista 
nuoria 26. Kuoleman kautta poistui 4 ja erosi 33. 

Jaostojen jäsenmäärät olivat seuraavat: Geologijaosto 448. 
Kaivosjaosto441, Metallurgijaosto 1075. Rikas tu \ - ja  prosessi- 
tekniikan jaosto 290. 

Tutkimusvaltuuskunta 
Tutkimusvaltuuskunnan siiiintiiniääräiiien vuosikokous oli 
14.2.1992. 

Tutkiinus.johtokunta kokoontui vuoden 1992 aikana viisi 
kertaa. Tutkimusvaltuuskunnan pulieen,johtajana on toiminut 
DI Paavo Eerola ja varapuheenjohtajana DI Juha Pajari. FT 
Jy rk i  Parkkinen toimi valtuuskunnan ja sen toimikuntien sihtee- 
rinii. 

- Geologinen toimikunta: prof. Heikki Niini. 
~ Kai\wsteknillinen toimikunta: DI Pekka Lappalainen. 
- R i kast us t e knill i nen toimi kun ta: DI Jarino A al tone i i .  

proj ek t i t : 
~ Edunvalvonta 

tysten edistiiminen. 
- Kaivosten jiilkihoito 
- Kaivosten ympäristöasiat 
~ Kiven fragmentointi 
- Malmgränsbestämning med borrhålsmätningar i gruvor. 
- Kaivosympiiristiin suojelukongressi I993 
- Vuoriteollisuus 2000 teknologiaoh.jellna 
- Analys av treinolit i dolomit 

Toimikuntien puheenjohtajat: 

Suoraan tutkimusjohtokunnan valvonnasu oli\sat seuraavat 

Tarkoituksena on vuoriteollisuuden yleisten toiinintaedelly- 

Toimikunnilla oli kiiynnissä yhteensii 1 O pro.jektia. 
Pohjoismaisessa yhteistyiissä on osallistuttu seuraaviin ko- 

kouksiin: 
- Nordiskt Geokommittémiite Falunissa 14.--15.5.1092. 
- Nord i s kt G r u v for  s kn ing s m ö t e Tron d h e i ni i s s a  2 4 .  - 
26.8.1992. 
- Nord i s k t Mineralte k n i k- Mö te O u t  o k  u ni ni II s s a  _j  a S i i 1 i nj iir- 
vellii 20-2 I .X. 1992. 

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

Muista pohjoismaista on saatu 7 tutkimLisraporttia. 

Espoosu 27. tammikuuta 1993 

VUORIMIESYHDISTY S 
- BERGSMANNAFÖRENINGEN R.Y .:n 
HALLlTUS 

Raimo Matikainen 
puheenjohtaja 

Heikki Laapas 
sihteeri 



T U L O S L A S K E L M A 1.1.92-31.12.92 

V A R S I N A I N E N  T O I M I N T A  
VMYN HALLINTO 

TUOTOT 
KULUT 

Palkat 37.350,00 
Muut kulut 44.866.90 
Vuosikokous 62.456.00 
Avustukset 13.78 I ,O0 
Jaostot 9.306,30 - 167.760,20 -167.760,20 

TUTKIMUSVALTUUSKUNTA 
TUOTOT +5.878,04 
KULUT 

Hallinto 95.797,00 
Matkat 5.7 3 7 ,o0 
Muut kulut 1 1.108.20 
TJ-proj 157.70 1,28 
Toimikunnat 1 12.0 l5,60 -382.359,08 -376.481,04 

JULKAISUT 
TUOTOT 

A-s arj a 10.000,90 
B - sarj a I .  150,00 
Muut tuotteet 840,OO + I  1.990,90 

KULUT 
Jiisenluettelo -5.483,30 +6.507,60 

O M A  PÄÄOMA 
Yli-/alijiiämä edel1.v. 506.609,08 
Yli-/alij. tilik. -1 59.1 I7,66 469.969,75 

S A L D O T 31.12.1992 

TUTKIMUSVALTUUSKUNTA 
Saldo 31.12.1991 +306.660,77 
v. 1992 alijäämä -103.98 1 ,O4 

+202.679,73 

YHDISTYKSEN TOIMINTA 
Saldo 3 I .  12.199 1 +199.948,31 
v. 1992 alijäiimii -55.136,62 

+144.8 11.69 

KOKO YHDISTYKSEN SALDO 31.12.1992 +347.491,42 

T A L O U S A R V I O  V U O D E L L E  1 9 9 3  
Talousarvio perustuu jäsenmaksujen säilyttämiseen vuoden 1 992 
tasolla. Tutkimusjäsenten kannatusmaksut puolitetaan. 

VARSINAINEN TOIMINTA 
VMYN HALLINTO 

TUOTOT 

KULUT 
Jaostot - 

Hallinto 85.000 
Vuosikokous 150.000 
Avustukset 20.000 
Jaostot 30.000 -285.000 -285.000 

TUTKIMUSVALTUUSKUNTA 

VUORITEOLLISUUSLEHTI 
+136.155,50 TUOTOT 

KULUT -156.7 1580 -20.560,30 

MUUT T U O T O T  JA KULUT 
TUOTOT 

KULUT 
Korkotulot 

Vakuutukset 4.3 12,80 
Muut kulut 47.83 I ,25 

+35.450,93 

-52.144,05 - 16.693,12 

-574.987,06 

V A R A I N H A N K I N T A  
Jiiaenmaksut 143.369,40 
Tutk.va1t.k.kannatusm. 267.500,00 
Lahjoitukset 5.000,OO +415.869,40 

T I L I K A U D E N  Y L I I A L I J Ä Ä M Ä  
-159.1 17,66 

TASE 31.12.1992 

VASTAAVAA 
RAHOITUSOMAISUUS 
Rahat ja pankkisaamiset 389.088,25 
Tilisaamiset 5.000,00 
Siirtosaamiset 75.88 1,50 469.969,75 

V ASTATTAVAA 
LYHYTAIKAINEN VIERAS PÄÄOMA 
Tilivelat 122.137,60 
Siirtovelat 340,73 

TUOTOT 

KULUT 
0sall.tutk. 

Hall.&johtok. 
Tutk.&esiselv. 
Edunvalvonta 

JULKAISUT 
TUOTOT 

A&B-sarjat 

115.800 
78.000 

5.000 

193.800 - - 193.800 

Jiisenluettelo 1.500 +6.500 
KULUT 

A-sarja 10.000 -10.000 -3.500 
VUORITEOLLISUUS1,EHTI 

TUOTOT 
1lmoit.myynti 135.000 
Tilausmaks. 6.600 +141.600 

KULUT - 160.000 - 18.400 

TUOTOT 

KULUT 

MUUT TUOTOT JA KULUT 

Korkotulot +13.000 

Pankkipa1v.m. 7.000 
Vakuutukset 4.500 
Tulotappiot 10.000 -2 1.500 -8.500 

VARAINHANKINTA 
Jäsenmaksut 135.000 
Tutk.jäs.v.m. I I 1.250 
Lahjoitukset 5.000 

-509.200 

+25 1.250 

TILIKAUDEN ALI JÄÄMÄ -257.950 

1 I3 



GEOLOGIJAOSTON TOIMINTAKERTOMUS 1992 

Toiminta 
Geologijao\ton päätapahtumat toimintavuonna I992 o\ at olleet vuosiko- 
k o u r .  Suomen kallioperän kehity5 ja raaka-ainevarat -päivät. ja  maliniar- 
vioseininaari. Jaoston johtokunta kokoontui 5 kertaa. 

Geologijaoston \ uosikokous pidettiin Vuoriiniespiiivien yhteydessii 
20.3 .  1992 Messukeskuksessa Heltingi\\ii. Kokouksessa oli läsnä 96.jaoi- 
ton ,jiisenti. Kokoukren j i lkeen kuultiin \cui-anvat e\itelrnät: 
- Apul.prof.  Tauno Piiraincn. Oulun yliopistn Geologian laitos. ii i-  

hec\ta "Suomen inalmipotentiaaliset \ )  (ihyhheet" 
~ FM Marku\ Ekberg. Outokumpu Mining Services Oy. aihee\ta 

"Pienten malinien hyödyntaniinen" E\iteltniin ni i iut  tekijiit olivat DI 
Heikki Ora\ a in rn ja  D1 Risto-Matti Toivanen. Outokumpu Mining Servi- 
ces Oy. 

~ Toimitusjohtaja Heikki Kauppincn, ProduMinCon Oy. aiheesta 
"Kaivosammattilaisten yhteiwt ongelmat tnalniiesiintymia hyiidynnetti-  
e b s il.'. 

Suomen kallioperän kehitys ja  raaka-aineval-at-pii\,iit järjestettiin Ou- 
Iti\sa I .-2.10. yhdessä Suomen Geologisen Seuran j a  Geologiliiton kan\- 
\ii. Piiiville osall istui yhteensii I 6 2  henhil¿)ii j a  niiden aikana pidettiin 
yhteen\ i  20 esitelmää. Järjestelyi\ti va \ tas i  tyiii-yhmi: Martti Lehtinen. 
Suomen Geologinen Seura. Pentti Htilttd. Geologiliitto j a  Elias Ekdahl ,ja 
Sirkku Hnlvnen VMY:n geologijanito. 

Maliiiiar\ ioserninaari jiijestcttiin yhde\\ii VMY:n Geologijaoston ,ja 
Geologisen toimikunnan kan\ \a  Otaniemc\\ii. TKK:n materiaali- J a  kal- 
l iotehni iknn laitoksella 26.1 I .  Seminaariin o\iilli\tui no in  80 hcnkil68. 
Piiivien jiirjestelyistä 1 astasi tyoryhm;i: J j i - h i  Parkkinen. Geologian tutkt- 
niu\ke\kus. Juhani Astala. Parteh Inc lu \ t r ia l  Minerals Oy Ab ja  Jouni 
Reino Outokumpu Mining Services Oy. 

Toimihenkilöt 
Toimintavuonna 1992 vuosikokouksc\ta liihtien o n  johtokunnan kokoon- 
pano ollut  \euraava: puheenjohtajana FL, Elias Ekdahl. Geologian tutki- 
inu\kcskus, varapuheenjohtajana F M  Tuomo Korkalo. Outokumpu F i n n -  
mine\  Oy, sihteerinä FK S i r k k u  Halonen. Geologian tutkimuskeskus j a  
muinn jdseninä FM Juhani Astrila. Partek Industrial Mineral\ Oy Ab, FM 
Jaahko-Pekka Perttula. Saxo Oy j a  DI Timo Rekola. Outokumpu Finnnii- 
tic\ Oy. 

Jäsenmäärä 
Geo1ogij;ioston jäsenmäirä oli vuoden 1992 lopussa 418. Uusia ,jäsenii 
l i i t ty i  19. Kuoleman kautta jao~tostmitiie poistui\ at DI Aukusti Arvela. 
joka oli yhdistyksen jäsen vuodesta 1944. FM Ilpo Laiti.joka oli yhdistyk- 
\en .iiisen vuodesta 1954, johtaja Juhani Nuutilainen, joka oli yhdi\tykien 
.¡;¡\en vuodesta 1957, FM Ormo Nykänen. j o k a  oli yhdistyksen ,jäsen 
vuode\t;i 1974ja FM Aarre Stenberg,joka oli yhdistyksen jäsen vuodesta 
1961. 

Elias Ekdahl 
puheen johtaja 

Sirkku Halonen 
\Ihteel I 

KAIVOS JAOSTON TOIMINTAKERTOMUS 
VUODELTA 1992 

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

Kaivo\jaoston vuosikokous pidettiin Messuke\kukse5sa. Helsingi\\ii 
20.3.1992 kello 13.35 alkaen. Liisnii oli 66 .jasentä. Kokouksen jalkeen 
kuu l t i i n  seuraavat esitelmät: 
I ,  ETA:n vaikutuksia Suomen kai\o\teoll i \uuteen. apuLjoht. E.  Ulvc l in .  

2. LokomostaNordbergi in~Suoti ia la i \en niurtkauslaite~almisrajan kan- 

3. Siiliniarven kaivoksen laaiennu\. keh.oaäll. O. Paatsola. Kemira Ov. 

TTK 

sain\iilinen tie. joht. J. Suominen. Lokomo Oy 

Toimihenkilöt 
Toimin ta~ t~onna  I992 on janston ptihecnjoht~ijana toiminut DI Kirruno 
Kekki, varapuheenjohtajana FI Lennart Laure jajohtokunnan muina Jase- 
nini i  DI Lauri Siirama, DIMikko Räsiincn,TkLTimo SoikkelijaTkLSeija 
Sundholm. Sihteerini on toiniinut DI Tommy Grahn. 

Jäsenet 
Jao\ton jasenmäärä oli vuoden 1992 lopus\a441 henkiliiä. lisiystiietlelli\- 
I tioilesta 19 henkilhi. Uusiajii\eniii h y \ , i i l \ j  ttiin vuoden aikana 20 kappa-  
lclla. joi\tii nuoria jdsenir yhdek\:in hnppaletta. 

Kimmo Kekki Tommy Grahn 
pii hce tij oh1a.j a hihtceri 

METALLURGIJAOSTON TOIMINTAKERTOMUS 
VUODELTA 1992 

Varsinainen toiminta 
Metallurgi.jdo\to o n  kokoontunut tolniintakauden aikana \ noiikoLouh- 

uosikokouk\en y l i t fy -  
&\\ii 20.3.1992 Helsingi\sii Me\\ukc\kuk\es\a. Kokouspaikalla i.ek¡stc- 
r t i i ty i  268 jaoston jäsent i .  

Vuo\ikokouksessa kuu l t i i n  seurun\at csitelmit: 
Di Seppo Isoherranen, toiini~u\jolitaja. Verkställande Direkttir. Outo- 
kumpu Copper Oy. "Et~~bloit~iiniiicii yhdentyvään Eurooppaan .ja kwi- 
sainviilistyminen - Etablering I integrerandc Europa och international¡- 
sertny 
Oik. kand. Seppo Sahhiian, Putki- j i i  pi-ofiiliryliniän johLa.j!ja, Direkttir. 
Rör- och profildivisionen, Rautat-tiukki Oy. "Rautaruukin Putki- j a  
pro  fi i 1 i ry hmä jat koj al os t aj a II a E u r m p i \ \ a  - Riir- och prof¡ Id I VI  \i one i i  

a v  Rautaruukki som en vidarei¿iriidl.rt-e I Europa" 
W DI Kari Autio. TiO,-Tulorr) hmiin johtaja. Direktör. TiO,-Di\ isionen. 

Kemira Oy. "Yrit) ~nstoitrateginn toteutuj - Case Kemira Inc. USA - 
Genomfarande a\ strategin IOl- I¿iretaF~forvar\,ande - Case Kemira Inc. 
USA" 
Liiuantain ekskursion kohteena oli Tekniikan Museo Helsingin Viiki\-  

Jnot ton  kesäretki oli suunniteltu tehtiivaksi 27.-29.8.1992 Pechenga 
Nickel -komhinaattiin Kuolaan. Retki jouduttiin tehtaalla sattuneen onneL- 
tomuuden .johdosta peruuttatnaari. 

\een. 
Vuosikokous pidettiin Vuoritnies) hdi\t) k\en 

\LI. 

Vuonna 1992 ei järjestetty \yy\kokousta. 

Koulutustoiminta 
Koulutustoiminta on hoidettu Metallurgian Valtakunnallisen Asiantunti- 
latoiinikunnaii (metallurgian VAT)  kautta. Puheenjohtajana on to iminu t  
TkT Veikko Heikkinen  VAT on kohoontunut toiminta\ tioden aikana 
kolme hei-taa. 

Varsinaiset koulutustapahttimat on perinteisesti jirjestett! y h d e \ \ a  
vhtei\työkumppanin k a n s a .  Tiillii t o i i i i i  ntakaudellaj8i-jestettiin INSKO: 11 
kan\sa setiraavat koLilutustilaisuticle~: * "Automaatio Ja  prosessin oh.jau\". 11.-14.5.1992 Tampereella. Ldsni 

oli 20 osanottajaa. * "Eristiiminen korkean Iätnpdtilan prosessi teol l iauLide\\¿i" .  28. -  
29. I O. 1992, Vantaalla. Lisnii oli 32 owiot ta jaa .  
Metallurgijaoston Korkeakouluyhteistyiielin kokoontui puhelinkoko- 

uk\een .ja yhteiskokoukreen jaostoii johtokunnan kanssa. Yhtcisty¿iclin 
koko\¡ koulutustapahtuinalist~iii. .joka julkaistiin jaoston tiedotuslehdes\;i 
he\iiiillii 1992. Yhteistyiielirnen ptiliccnjohta~ana on toiminut profc\sori 
Antti Korhonen. 

Tiedotus 
Jamton lehti "Metallurpijao\to tiedotrad" o n  ilmestynyt perinteijti poike- 
ten \ aiii kaksi kertaa. Numero 3. II\.  "ke\aretki~nuinero". jatettiiii ke\iiret- 
ken peruuntumisen johdotta julhai\ematta. 

Syyskokous pidettiin sy ysiktken yhteyjessii Sally Albatrossilla 1 .Y. 1 YY2. 
Liisni oli  41 jäsentä. Syysretken kohteena oli Nordkalk Storugns Ab:n j a  
Cementan laitokset Got lannian  Iltaiuhla\ta vastasi Nordkalk Ov Ab. Metallurgijaoston jii\enniiiiiri oli vuoden I 992 lopus% 1075. Vuoden 

nart Lauren j a  DI Pekka L o ~ e n .  mus .  
TkT Pekka Särkkä on toiminut ISRM:n yhdysmiehenä. 
FL Lennart Lauren on toiminut VMY :n edustajana 1SM:ssija poh,joi\- Kalevi Nikkilä 

niatsessa kaivosmittauskomiteas\~l. puheenjohtaja 
Lars Helle 

sihteet-i 
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RIKASTUS- JA PROSESSITEKNIIKKA JAOSTON 
TOIMINTAKERTOMUS VUODELTA 1992 

Toiminta 
Rika\ tu \  .ja prosessitekniikan jaoston vuo\ikohous pidettiin Vuoriniicsyh- 
d i s t y k w i  vuosikokouksen yhteydessii 20.3.1992 Me\sukeskuksessa Hel- 
singissii. Kokouksessa valittiin johtokunnan uusikqi jäqeniksi TkL Ul la-  
Riitta Lahtinen ja  DI Seppo Lähteenmiiki. 

Kokouk\e\sa oli  Iäsnii 60 osanottajaa. 
Kokouksen jiilkeen kuultiin seiiraii\ at esitelmät: 

- Toimitu\,johtaJa. D1 Seppo Kreuln. Outokumpu Mintec Oy "Rika\tua- 
teknologiiimnie kilpailukyky" 
- DI Carl-Johan Skand. Lohja Oy "Landuiivarmistusta: iaatujarjesteliiiii~ 
inineraaliteolliuudessa" 
- Toimitu\jolitaja. DI Risto Heiskanen. Minera Outokumpu Chile S.A. 
"Lince LX-SX-EW kuparikaivos Chile\\$" 

Syysseminaari 

Jatkokoulutuskurssi 

Vedenerotusseminaari pidettiin 17.- 18.9. I992 Lappeenrannassa. 

VMY j a  TKK jär,jestivät yhdessii jatkokoulutuskurssin: Optimaalinen 
piiri\uunnittelu TKK:lla 3 I .3.-2.4. 1992. Tavoitteena oli opettaa miten 
taulukkolaskentaa voidaan kiiyttiiii mineraalien rikastuksessa. 

Toimihenkilöt 
Jaoston kokoonpano on 20.3.1992 Idhtien o l l t i ~  seuraava: 
Jouko Kallioinen, puheenjohtaja 
Ulla-Riitta Lahtinen 
Seppo Liihteenniäki 
Jouko Olkkonen 
Jorma Reinikainen 
Jukka Karhunen, sihteeri 

Juo\ton johtokunta kokoontui toimintavuoden aikana 7 kertaa. 

Jäsenet 
Jao\ tonj i i \ enmäirä  31.12.1992 oli 290. Iirhy\th edelliseen vuoteen lerrat-  
tuna 8 j i iwntä.  

Jouko Kallioinen 
puheenjoht a,ja 

Jukka Karhunen 
\ I  hteei I 

OTTEITA TUTKIMUSVALTUUSKUNNAN 
TOIMINTAKERTOMUKSESTA VUODELTA 1992 

Tutkimusvaltuuskunta (YVK) 
Tutkimu~valtuuskunnan sääntiim inen vuoGkokous pidettiin 14.2.1992 
Helsingi\\ii. Valtuuskuntaan kuului toimintakauden aikana tutkimusjiise- 
iiinii 23 yl-ityhth, kukin yhdellä edustajalla. sekä Outokumpu Oy kahdella 
edustajalla. Tutkiiuusvaltuuskuntaaii kuuluivat lisäksi VMY:n hallituksen 
nimittiiinii asiantuntijajiisen Ja  VMY:n neljdii Jaoston puheenjohtajat. 

Tutkimu~valtuuskunnan puheenjohtajana toimi DI Paavo Eerola, vafii- 
puheen,johtajana DI Juha Pajari. F T  Jyrki Parkkinen toimi valtuuskunnan 
ja  sen toimikuntien qihteerinii. 

Tutkimusvaltuu\kunnan kokoonpano ja  toimikaudet: 
Tutkimusiisen Varsinainen edustaiavaramies 
Vibrometric Oy MSc Calin C o m a  -92 
Finnminei-;ils Oy DI Hannu Haveri -92 
Oy Forcit Ab Ins Kalle Yliitalo -94 
Oy Förby Ab DI Harri Eronen -94 
Kemira O y  DI I.auri Siiraina -93 
Larox Oy In?  Tapio Keskiwari-93 
Lemminhiiiiien Oy DI Bjarne Liljestrand-93 
Lohja Oy Ab DI Juha Pajari -93 
Myllyko\ki Oy FM Pertti Huopaniemi -94 
Orion-Yhtymii Oy. 
Normet DI Matti Koskinen -92 
Outok~impu Oy DI Paavo Eerola -93 
(Outokumpu Mining Services Oy) 
Outokumpu Oy DI Pentti Seppiinen -94 
(Outokumpu Mining Services Oy) 
Partek 
Minerals Oy Ab FM Esko Lundin -93 
Rammer Oy DI Timo Sippus -93 
Rauma Oy DI Veikko Linnola -93 

DI Reijo Korhonen 
DI Jouko Olkkonen 
FM Rolf Strandberg 
DI Jarmo Suvio 
DI Jarmo Aaltonen 
DI Mikko Häkämies 
DI Markku Volotinen 
FM Heikki Latva 
FM J-P Perttula 

-92 
-92 
-92 
-94 
-Y 3 
-9 3 
-93 
-93 
-94 

In\ Eeio Sommen -93 

DI Pekka Ldppalainen -94 

DI Kimmo Kekki -91 
DI Matti  Vestman -93 
DI Jouko Suominen -93 

Rautaruukki Oy 
Roxon Oy 
Suomen Malmi Oy 
Suomen 
Vuolukivi Oy 
Tainrock Oy 
Teollisuuden 
Voima Oy 
Terraplan Oy 
YIT-Yhtymä Oy 

DI Esko P(iyli6 -93 FT Kyiist i  Heiniinen -93 
DI Erkki Matikainen-93 Ins Rauno Ihatsu -93 
DI Pekka Mikkola -94 FM Esko With -94 

DI Esko Teerikorpi -93 
DI Rolf Striiin -93 DI Pertti Koivunen -93 

-9 3 
In\ Kalevi Hytti -92 
DI Pekka Liiaanantti -92 TkL Tuomo Tahvanainen-92 

DI Heikki Hinkkanen-93 FM Timo Äiki i \  

VMY:n hallituksen valit\ema asiantuntijajäsen: DI Urpo Salo. KTM 
VMY:n jaostojen puheenjohtajat: 
Geologijaosto. FL Eljas Ekdahl 
Kaiiosjaosto. DI Kimmo Kekki 
Rikastus- j a  prosessijaosto. Prof Kari Heiskanen 
Metallurgijaosto, TkT Kalevi Nikkilä. 

Tutkiinusvaltuuskunii~iii toimintaan ovat tutkimusjiisenten Iishksi ker- 
toinusvuoden aikana akt i iv iaest i  osallistuneet seuraavien laitosteii tai 
virastojen edustajat: 
- Teknillinen korkeakoulu 
- Helsingin yliopisto 
- Oulun yliopisto 
- Geologian tutkiniuske\kus 
- Valtion teknillinen tutkimuskeskus 
- Kauppa- j a  teo l l i~uu~tn i i i i \ te l . lo  

Tutkimusjohtokunta 

Espoossa. 

Tutkimu~johtokunta kokoon tu i  kertomuskauden aikana v i i s i  hertaa: 15.1. 
E\poo\sa, 14.2. Helsingissii, 5.5.  Hel\ingiss%, 9.9. Virkkalaa\a j a  19, I I ,  

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 L u n d h .  Oy Partek Ab. jlisen päivämiiäriistä I I .  12.199 1 
Prof Heikki Niini, TKK 
Dl Urpo Salo, KTM (asiantunti.jaj~isen) 

Tutkimustoimikunnat 
- Geologinen toimikunta, p.j. prof. Heikki Niini 
- Kaivosteknillinen toimikunta, pj. DI Pekka Lappalainen 
- Rikastusteknillinen toimikunta. pj. DI Jarmo Aaltonen. 

Tutkimukset 
Johtokunta j a  toimikunnat valvoivat vuoden aikana kaikkiaan kahdeksaa- 
toista projektia, joista kaksi o l i  yhteispohjoismaista. 

Suoraan t~itkimiis,johtok~in~ian valvonnassa oli kahdeksan projektia, joista 
yksi yhteiupohjoismainen: 
- Edunvalvonta 
- Kaivosten jiilkihoito 
- Kaivosten ympäristiiasiat 
- Kiven fragmentointi 
- Malmgränsbestiimning ined borrhilsmitningar i gi-ucot- 
- Kaivosympiiristiiii suojelukongressi I993 
- Vuoriteollisuus 2000 teknologiaohjelma 
- Analys av tremolit I dolomit 

Geologisen toimikunnan valvonnas\a olivat projektit: 
- Liimpiikuvaus geologi\e\aa tuthiinukse\sa 
- Teknillisen geologian teriniiiologia 
- Geologiset ympäristövaikutukset kalliotilojen louhiiinassa 
- Geofysiikan j a  geokemian kompleksitulkinnat 
- Saattoporan kultamalmin geologinen mallitus 
- Malmiarvioseminaari 

Kaivoitekniliisen toimikunnan valvonnassa olivat projektit: 
- Uuden murskaus- Ja  kuljetusteknologian soveltaminen a\ olouhintaan 
- lrroitustekniikan vaikutus lopputuotteen laatuun rakennu\kiviteolli- 
auudersa 

Ri  kastusteknillisen toimikunnan valvonnaaia olivat projektit: 
- Näytteenoton kiisikirja 
- Kuva-analyysi rikastusrnitieralogiassa 
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Tutkimusjohtokunta ja  toimikunnat valmistelivat projekteja: 
- EC-direktiivit 
- Teollisuusmineraalit j a  niiden etsintä 
- Vaahdotuksen erikoismenetelmät 
- Processmineralogi. 

Pohjoismainen yhteistyö 

Tutkimusjohtokunta 
Tutkimusjohtokunta j a  eri toimikunnat ovat pitineet yhteyttä pohjoismai- 
siin veljesjärjesthihin. Esko Lundén edusti tutkiinusvaltuuskuntaa neuvot- 
teluissa, joissa tutkittiin yhteispohjoismaisteii EC-projektien mahdolli- 
suuksia. I992 valmistui hanke Malmg~~nsbest~i ini i ing med borrhlllsmät- 
ningar i gruvor (TJ/KT/GT). 

Geologinen toimikunta 
Geologisten toimikuntien yhteispohjoismainen kokou, Nordiskt Geokoni- 
mittémöte pidettiin Falunissa 14.--15.5.1992. Kokoukseen osallistui kol- 
me edustajaa Norjasta. neljätoista Ruotsistaja nelja Suomesta. Kokouksen 
pääteemoina olivat ympäristökysymykset ja  vuoriteollisuuden ongelmat. 

Kaivosteknillinen toimikunta 
Pohjoirmaiset kaivosteknillisten toimikuntien Nordiskt Gruvforskning\- 
möte pidettiin Trondheimissa24.-26.8.1992. Kokoukseen osallistui Ruot- 

yhdeksän ja  Suomesta kaksi edustajaa. Kokouk- 
sen merkittävin teema oli pohjoismaiden yhteisosallistuminen EC-projek- 
teihin. Asiaa tutkimaan perustettiin työryhmh. johon tulivat kuulumaan 
Stein Krogh (SINTEF. Norja). Per-Arne LindqL ist (MITU. Ruotsi) sekh 
Esko Lundén (TVKIVMY. Suomi). 

Rikastusteknillinen toimikunta 
Pohjoismainen rikastusteknillisten toimikuntien Nordiskt Mineraltekni k -  
Möte pidettiin 20.-2 I .8.1992 Outokummussa ja  Siilinjärvellä. Kokouk- 
seen osallivtui Norjasta neljä, Ruotsista kolme ja  Suomesta kymmenen 
edustajaa. Piiiiteemat olivat teknologiaohjelmat ja  pohjoismainen EY- 
yhteistyö. Kutsuttuna esitelmöitsijänä johtaja Markku Koskenlinna. TE- 
KES, selosti Suomen teknologiapolitiikkaa 90-luvulla. 

Raportit ja tiedottaminen 

Tutkimusten rapcirtointi 
Vuoden 1992 aikanajavuosien 1992/1993 vaihteessajulkaistiin tutkimus- 
valtuuskunnan tukemista tutkimuksista seuraavat raportit: 
A98 Jukka Alli: Uuden murskaus- ja  kuljetusteknologian soveltami- 

nen avolouhintaan. 
A99 llmo Kukkonen, Heikki Vanhala: Terinisen infrakuvauksen käyt- 

tömahdollisuudet geologisiin tutkimuksiin Suomessa. 
A 1 00 Jukka Miikelä: Geologiset ymp8ristövaikiitukset kalliotilojen lou- 

hinnas\a. 
BS0 Geokernian paivät Oulussa 28.-29. I I .  1990. 
B51 Suomen kallioperän kehitys j a  i-aaka-ainevarat. Oulu I _- 

2.10.1992. 
B53 Malmiarvioseininaari Otaniemessii 26. I I .  1992. 

Pohjoismaista saadut raportit 

Stiftelsen Bergteknisk Forskning BeFo: 
- Lars Olsson. Lars Rosengren, Hikan Stille. Bergklassificering med 
hjalp av regres\ionsanalya. 

Muut: 
- SKN (Statens Kimbränsle Nhmnd): Geogas - a Carrier or a Tracer'? 
Report 5 I ., OCT I99 I .  
- SKN: Geogas i n  Crystalline Bedrock. Report 52., Oct 1991. 
- Tekniska Hiigskolan i Lulel :  Teaching and Research Activities 1991. 
- SveDeFo: Verksamheten 1991. 
- SINTEF: Vei-diskapande forskning, Årberetning 1991. 
- Svenska Gruvforeningen: Svensk Gruvrevy I99 1.  

TKK:n Materiaali- j a  kalliotekniikan laitoksen kiljaston kanssa on sovittu. 
että pohjoismaiset raportit toimitetaan kirjastolle toimikunta- ja  johtokun- 
taesittelyn jälkeen, käytinnössä valtuuskunnan vuosikokouksen jälkeen 
vuosittain. 

Tutkimusvaltuuskunnan puolesta 

puheenjohtaja sihteeri 
Paavo Eerola Jyrki Parkkinen 

UUSIA JÄSENIÄ - NYA MEDLEMMAR 

Vuorimiesyhdistys-Bergsmaiiiiaföreningen r.y.:n hallitus on h y  viksynyt 
seuraavat henkilöt yhdistyksen jäseniksi: 

Kokouksessa 29.1.1993 

Aatos, Soile Pirjo Hannele, FK, s. 30.12.1964. inähräaikainen geologi. 
GTK Geokemian osasto. O\.: Hakatie 4 A 2, 54410 YLAMAA. Jaosto: 
geo. 
Heinonen, Jouni Aslak, 100 ov. s. 29. I I .I 967, opiskelija, Oulun yliopis- 
to. Os.: Yliopistonkatu 28 A 101, 90570 OULU. Jaosto: geo. 
Jokinen, Jarkko Mikael, FK, s. 14.04.1966, geofyysikko, tutkimu. 
tentti. GTK Kuopio. Oh.: Koiravedenkatu 17 A 3,70800 KUOPIO. Jaosto: 
geo. 
Juvonen, Ilkka Antero, ekonomi. s. 14.07.1944. mpyiitijohtaja. Rauta- 
ruukki Oy Hämeenlinna. 01.: Rautaruukki Oy. 13300 HAMEENLINNA. 
Jawto: met. 
Kaukonen, Risto Johan, 102.5 ov. 5 .  08.05.1968. opiskeItJa. Oulun yli- 
opisto. Os.: Himiläntie 8 A 2. 90800 OULU. Jaosto: geo 
Kemppainen, Mika Juhani. 100 ov, s. 12.10.1968, opi\kelija. Oulun 
yliopisto. Os.: Pysäkkitie 33. 903 I 0 OULU. Jaosto: geo. 
Kuronen, Erkki Olavi, 100 ov, 5 .  16.03.1970, opiskelija, Oulun yliopisto. 
O\.: Toivonniementie 9 as 37. 90500 OULU. Jaosto: geo. 
Kuusinen, Markku Juhani, pros.ins., s. 24.01.1959. pro\essi-insinöori, 
Okmetic Oy. Os.: Törinäniityntie 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. I 15 ov. s.  13.06.1968. opiskelija. Oulun yliopis- 
t o .  Os.: Aleksanterinkatu 47 a\  5.  90100 OULU. Jaosto: geo. 
Lassila, Kari Tuomo. ekonomi. \ .  16.08.1946. talou\johtaja. Outokumpu 
Oy, phhkonttori. Os.: Kuitinmiienkaari I6 B 4.02210 ESPOO. Jaosto: met. 
Lehto, Janne Matias. 102 o v .  s. 02.08.1968, opiskelija. TKK. Os.: Ava- 
ruujkatu 3 G 129, 02310 ESPOO. Jaosto: kai. 
Montonen, Mikko Juhani, DI, s. 20.11.1965, prosessi-itisiniiiiri, Okmetic 
Oy. Os.: Punavuorenkatu 9 A 26. 00120 HELSINKI. Jaosto: met. 
Pahkala, Arto Tapio, DI, \. 14.08.1963, asiakaspalveluinsiniöl-i. 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. I60 ov. s. 30.09.1961. opiskelija. Oulun  yliopis- 
to. Or . :  Toivonniemenkatu I B 220. 90500 OULU. Jamto: geo. 
Pilvinen, Harri Tapani. 140 o\', s. 04.07.1965. opiskelija, TKK. Os.: 
Kipparinkuja 1 G 125, 02320 ESPOO. Jaosto: met. 
Rahunen, Vesa Jussi, DI, s. 16.01.1942, liiketoimintojen kehitysjohtaja, 
Outokumu Technolom Ov. Os.: Meritullinkatu 13 D 123.001 70 HELSIN- -, , 
KI. Jaosto: met. 
Salmi, Pekka Tapani, DI, s. 12.01.1957, tekninen asiakaspalveluinsinöö- 
ri, Outokumpu Polatit Oy. O\.: Uusikatu 4 A 2. 95400 TORNIO. Jaosto: 
met. 
Toivanen, Markku Reino. DI. s. 27.09.1941. toimitusjohtaja. Outokum- 
pu Metals & Resource\ Oy. Os.: Miniatonkuja 1 C 18. 02360 ESPOO. 
Jaosto: geo kai rik met. 
Vatanen, Jukka-Pekka. I25 ov. s. 07.09.1969. opiskelija. Oulun yliopis- 
to. Os.: Liisantie 1 C 16. 90560 OULU. Jaosto: geo. 
Virolainen, Juha Ilmari. DI, \. 1 1.09.1960, prqsessi-insinoiiri, Oknietic 
Oy. Os.: Oravaistenkuja 2,  04400 JÄRVENPAA. Jaosto: niet. 
Vuorinen, Timo Tapio, DI, \. 31.12.1960, projektisuunnittelija, Jaakko 
Piiyry Oy Vantaa. Os.: Kuusikallionkuja 4 E 41, 02210 ESPOO. Jaosto: 
met. 

Kokouksessa 27.5.1993 

Airola, Raimo Juhani. DI. s.  2 I .01.1943. hankinta- ja ~almistuaphhllikkö, 
Outokumpu Mintec Oy. O\.: Mankkaantie 33. 02180 ESPOO. Jaosto: rik. 
Andersin, Erik Kristian. DI. '1. 15.12.1960. tutkimusinsinciciri. Outokum- 
pu Research Oy. Os.: Aino Acktentie 8 D 15. 00400 HELSINKI. Jaosto: 
met. 
Eklin, Lauri Heikki, 130 ov, s. 11.10.1968. opiskelija, TKK. Os.: Nuot- 
tapolku 6, O0330 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. 
Hänninen, Outi Marjut, I65 ov, s. 14.05.1969. opi\kelija, TKK. Os.: 
Rälssintie 16 G 84, 00720 HELSINKI. Jaosto: met. 
Julin, Yrjö Matti Kalervo. TkL, s. 06.09.1957. valimo- ja  konepajaryh- 
man johtaja, JOT-Yhtiöt Oy. Os.: Johan Sederholmintie 8 A 7. 00820 
HELSINKI. Jaosto: met. 
Jiirvensivu, Mika Markus. DI. s. 27.1 2.1968, tutkitnu\in\inOtiri. Outo- 
kumpu Mintec Oy. Os.: Vilpunkatu 2 E 25. 02230 ESPOO. Jaosto: rik. 
Lahtinen, Markku Juha, TkL, s. 06.08.1958, projekti-in\inöiiri, Outo- 
kumpu Engineering Contractors Oy. Os.: Taratie I ,  041 30 SIPOO. Jaosto: 
met. 
Leinonen, Seppo Tapani, LuK, s .  21.12.1965, opiskelija. Os.: Sirkunpol- 
k u  13, 87500 KAJAANI. Jaosto: geo. 
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Millner, Dan Ernst David, DI. s. 01 .06. 1950. myyntijohtaja, Outokumpu 
Engineering Services Oy. Os.: Martintie 12 F. 02270 ESPOO. Jaosto: rik. 
Mäkilä, Sari Sinikka, 9 7 3  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 ManageriManaging 
Director. Outokumpu Exploration Australia Pty Ltd. Os.: Outokumpu 
Exnlor. Australia 141 Burswood Rd. VICTORIA PARK 6100 WA AUS- 

Prosessitekniikan osasto 

Diplomi-insinööri: 

Ollila, Seppo: "Palamisilmiot masuunin hormeilla". 

TRALIA. Jao\to: &eo. 
Nikolov. Stefan Nikolov, DI, s. 14.06.I962, tutkimusinsinööri, Outokum 
pu Research Oy. Os.: Väinönraitti 3 G 51. 28330 PORI. Jaosto: met. 
Pakkanen, Jorma Juhani, DI. s. 1 I .09. 1944. rakenneputket-ryhmän joh- 
taja, Rautaruukki Oy. Os.: Metsälammentie 13, I3500 HAMEENLINNA. 

TEKNILLINEN KORKEAKOULU, OTANIEMI 
Jaosto: met. 
Pihlajamäki, Seppo Juhani, ins. s. 22.08.1952. aluemyyntipäällikkii. 
Rammer Oy. Os.: Vierutie 14. 15560 LAHTI. Jaosto: kai. 
Syrjälä, Ulla Anita. 1302 ov. s. I l .  12.1968. tutkimusapulainen. TKK. 
Os.: Hämeentie 14 B 49, 00530 HELSINKI. Jaosto: met. 
Vanhanen, Erkki Johannes, FM, s. 07.07.1953. raaka-aine toimialapihl- 
likkii, GTK. Os.: Keksikuja 3, 96460 ROVANIEMI. Jaosto: geo. 

Kokouksessa 2.9.1993 

Bergström, Kaj Rafael, DI, s. 23.1 1,1954. CAD-kehitysinsinööri. A 
Ahlström Oy Karhula. Os.: Nuijatie 11 D 5 I ,  01 650 VANTAA. Jaosto: 
met. 
Chernet, Tegist, MSc, s. 27.01.1966, Research Assistant, Geological 
Survey of Finland, Kuopio. Os.: Päivärinteentie 3 1 as 1.70300 KUOPIO. 
Jaosto: geo rik. 
Grönholm, Pentti Onni Tapani, FK. s. 2 I .  I I. 1964, tilapäinen geologii 
tutkija, Outokumpu Finnmines Oy/Helsingln Yliopisto. Os.: Mäkitorpan- 
tie 6 B 17, 00620 HELSINKI. Jaosto: geo. 
Kajanen, Juha Pekka, DI, s. 19.09.196s. tutkija, TKK Kalliotekniikan 
laboratorio. Os.: Haavikkopolku I K 66, 00630 HELSINKI. Jaosto: geo 
kai. 
Karvinen, William (Bill), PhD. s. 01.04.1946, Consulting Geologist, 
W.O. Karvinen & Ass. Ltd. Os.: RR 3. ODESSA Ont. CANADA K8H 
2 H 0 .  Jaosto: geo. 
Kaskiala, Markku Juhani, DI. s. 12.03.195 I ,  laboratorioinsinöö1.i. TKK 
Materiaalien valmistustekniikka. Os.: Topeliuksenkatu 7 B 3 1. 00250 
HELSINKI. Jaosto: met. 
Konttinen, Jukka Pekka. DI, s. 29.04.1965. käyttöinsinööri. jatkuvalu, 
Rautaruukki Oy Raahe. Os.: Ruskontie 6 A. 92120 RAAHE. Jaosto: met. 
Kupari, Pentti Antei-o, DI, s. 21 .03. 1961, tutkimusinsinööri, Outokumpu 
Polarit Oy. 95300 TERVOLA. Jaosto: met. 
Lehtonen, Jyri Antti, DI, s, 0I.12.1956, toimitusjohtaja, JOT-yhtiiit Oy 
Helsinki. Os.: Vanhakelkkamäki 20. 00570 HELSINKI. Jaosto: met. 
Liikanen, Jaakko Seppo Kalervo. FK. s. 14.02.1952, geologi, ESACONS 
Oy Kuusankoski. Os.: Jyrääntie 4, 45720 KUUSANKOSKI. Jaosto: geo. 
Neuvo, Jussi Mikael. DI. s. , toimitusjohtaja. Osuuskunta Metex. Os.: 
Dosentintie I B. 02700 KAUNIAINEN. Jamto: met. 
Rissanen, Juha Pekka. FM. s. 08.07.1960, geologi. Malmikaivos Oy 
Luikonlahti. O\.: Uunonpolku 12 B 13. 73600 KAAVI. Jaosto: geo. 
Sassi, Martti Olavi. DI, s. 20.12.1964. tutkimusinsinööri, Outokumpu 
Polarit Oy. Os.: Kauppakatu 40 as 6, 95400 TORNIO. Jaosto: met. 
Wiik, Bengt Torvald, DI, s. 25.09.1963, t . í .  
Fredriksgatan 24 D 22, O0120 HELSINKI. Jaosto: inet. 

UUTTA JÄSENISTÄ - 
NYTT OM MEDLEMMARNA 

Materiaali ja kalliotekniikan laitos 

Tekniikan tohtorit: 

Tekniikan lisensiaatti Ari Tapani Jokilaakson viiitijskirja "Removal 
of antimony and arsenic from impure copper concentrates under simulated 
flash smelting reaction shaft conditionu" tarka5tettiin 9.1 0. 1992 Teknilli- 
sen korkeakoulun Materiaali- .ja kalliotekniikan laitoksella Otaniemessä. 
Virallisena vastaväittiijänä toimi professori Joachim Krüger, Institut für 
Metallhüttenwesen und Elektrometallurgie der RWTH Aachen, Saksa. 
Valvojana toimi professori Kaj Lilius, Teknillinen korkeakoulu. 

Viitöskirjassa on tutkittu epäpuhtaiden kuparirikasteiden sisältämien 
antimonin j a  arseenin hallittua poistamista Outokumpu Oy:n kehittämässä 
kuparinvalmiFtuspl.osessi\sa (Iiekkisulatusprosessi). Tutkimukset on teh- 
ty  laboratoriouunisaa. jossa on voitu keskittyä yksittäisten rikastehiukkas- 
ten ja kuuman kaasun väli\iin reaktioihin. Palavat hiukkaset on sammutet- 
tu  veteen, Jolloin niiden reaktiot pysähtyivät tarkasti mlthrlttyn ajan kulut- 
tua. Kaasun happipitoisuutta ja lämpötilaa vaihtelemalla saatiin kartoitet- 
tua olosuhteet, joissa ko. epäpuhtausaineet poistuvat haihtumalla kaasuun. 
Parhaiten antimoni ja  arseeni poistuivat, kun kaasun lämpiitila oli korkein 
mahdollinen ja  happipitoisuus oli 1-2 t¡ì.-%. 

Tekniikan lisensiaatti Jyrki Matti Miettisen väitiiskirja "Mathemati- 
cal simulation of interdentritlc solidification of low-alloyed and stainless 
steels" tarkastettiin 12.12. I992 Teknillisen korkeakoulun Materiaali- j a  
kalliotekniikan laitoksella Otaniemessä. Virallisena vastaväittäjänä toimi 
apulaisprofessori Jorma Kivilahti ja  valvojana professori Lauri Holappa. 
Teknillinen korkeakoulu. 

Työssä kehitettiin te1.tnodynaamiskineettinen malli, jolla voidaan si- 
muloida matalaseosteisten j a  ruostumattomien teriisten interdendriittistä 
jähmettymistä. Malli laskee stabiilien seosfaasien osuudet j a  koostumuk- 
set sekä seosaineiden mikrosuotautumat lämpiitilan funktiona jähmetty- 
misen edetessä. Näiden tieto,jen avulla voidaan etsiä syitä tietty,jen terästen 
murtumisalttiuteen. Mallia voidaan soveltaa erilaisille valuprosesseille 
(valannevalu, jatkuvavalu. nauhavalu, jne.) liittämälla se asianmukaiseen 
makroskooppista Iämmcinsitrtymistä siinuloivaan inateinaattiseen mal- 
liin. 

Tekniikan lisensiaatit 

Karlemo, Ben: "Titaatiidiokridin valmistus RF-plasmalla". 

Korhonen, Juha Ville: "Magneettisten karttojen geologisesta hyödyn- 
täini se stä". 

Korpiola, Kari: "Induktiivisen plasmalaitteiston käyttiiiinotto ja  kehi- 
tyrtyii". 

Koivisto, Harri, DI. käyttöpäällikkö. Partek Minerals Oy Ab. 0 s . :  Matti- Kukkonen, Jari-Pekka Valo: "Sähkökemialliset tutkilnusinenetelmät 
lantie 59. 53650 LAPPEENRANTA. 
Paulin, Pertti, DI, sisäinen tarkastaja. Metra Oy Ab. Os.: Laukkamäentie 
21,08500 LOHJA as.. 
SulantoJukka, toimitusjohtaja, Outokumpu Engineering Contractors Oy. 
Espoo. 

AI,O, ja  AI,O,-Tio, pinnoitettujen teristen korroosiotutkimuksessa". 
~ 

Laine, Tenho: "Kallioväestönsuojien rakennesuunnittelukiiytäntö Suo- 
il lessa^^, 

Larkiola, Jari: "Rullamuovauksen mallintaminen". 

Niemelä, Oili: "Niiytteenotto jauheista". SUORITETTUJA TUTKINTOJA - 
AVLAGDA Nikolov, Stefan: "Eriiden epäpuhtauksien eliminoiniinen rikkaasta 

kuparikivestä ja  raakakupari\ta emäksisiä kuonia käyttiien". 

OULUN YLIOPISTO 

Geofysiikan lait05 

Filosofian m'iistei i t  

Partinen, Jarkko: "Sihkömagneettinen sekoitu\ terciksen jakuvava- 
lussa: teoria, mateinaattinen ja  fysikaalinen mallintaminen". 

Sundström, Salla: "3D-ROCK niallinnusjärjestelina kallioperän ra- 
kennetutkimuksiin. Osa I. Tutkimustulosten käsittely j a  tulkinta". 

Hiltula, Esa: "Geomagneettinen aktiivisuus ,ja sen jaksollisuus". 
Niskanen, Matti: "Geofysikaalisia tutkimuksia grafiittiesiintymin pal- 
kantamiseksi Ke\Li-Pohjanmaan alueella". 
Salmirinne, Heikki: "Johdevyiikykkeiden kartoitus aerogeofysikaalisilla 
inenetelniilla Keski-Pohjanmaan alueella". binary systems". 

Yang, Yongxiang: "Thermal processing of metal powders i n  a radio 
frequency plasma". 

Zeng, Kejun: "A thermodynamic evaluation of the Ni-Nb and Cr-Zr 
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Diplomi-insiniiiirit: 

Ahokainen, Tapio: "Liekkisulatusuunin kolmiulotteisen laboratorio- 

Hukkanen ,  Jopi: "Eriiiden ohutkalvopinnoitteiden vaikutus rahanlei- 

Inkinen, Jukka-Pekka  Ilmari: "Halidi-ionien aikutu\ ruostumatto- 

Isomäki, I ikka: "Raudan j a  piinitridil\eratiiiih~ln kemiallinen vuoro- 

Jokinen, Kalle: "Game gheoretic approach to union power and plan- 

Jääskeläinen, Kari :  "Pellettisintraiistnetietcl iiiiin soveltuvuus Rauta- 

Kankare,  Aimo: "Tuotannon ohjattavuuden kehittiiminen alumiiiii- 

Kaukojärvi ,  Pasi: "Kromisilisidi pohjai\ten oliutkalvovastustnateri - 

Kuntsi, Timo: "Jolidepolymeerise[j~teii optiinolnti". 
Laine, Jukka:  "Dynaamisen mallin kehittdminen teriik\en jatkuva\.a- 

Laitinen, Kai: "Metallien kuumennus- Ja  I~itiiphk,isittelyuunieii kerra- 

Lehto, H a r r i  Juhani :  "Sydtteen raekoon .ja pH:n vaikutus talkin 

mallin numeerinen \itnuloiminen". 

niaustyökalu,jen kestoikaän". 

man terikyen pistekori-oo\iooti", 

vaikutus". 

ning horizon: Application to Finnish data". 

ruukki Oy:n siiitrauskiiytiintiiiin". 

tuotteita valmistavassa yrityksessä". 

aalien valmistus ja karakterisointi". 

lun  sekundäärij~iihdyrykseii ohjaukseen". 

miset kuitueristeet". 

vaahdottuvuutccn". 

Mononen, Sakari :  "Raura- j a  alutniinikdyhien kivimnteriaaliet~ tekni- 
nen saatavuus Suomc. 

Myllykoski, Pirkka:  "Kuumanauhan Crownin madaltatnisen vaiku- 
tukset kyliniivalssatun nauhan poikittaiseen paksuusprofiiliin ja  tasomai- 
suuteen". 

Peltonen, Kimmo: "Sttoinen kallioperän maltnipoten~iaaliti arviointi". 
Pitkänen, Petri :  "Kemin maanalainen kai\ 05".  
Rastas, Matti: "Kaapeli laisaii \uoraveto". 
Ruostetoja, Petri: "Kal liotnur\keen rakeiwus". 
Sjöblom, Johanna  Tiina: "Vesiohenteisten pohjamaalien kryttii lai- 

Somervuori ,  Mervi Elisabet: "Materiaali- ja pinnoi twa l i i i t a  fluorive- 

Suomi, Marja-Leena:  "Raakaraudan piipitoisuuden ciiinu~tustnalli". 
Tolppanen, Pasi Juhani :  "Merenalaisen liikennetunnelin \iiunnitte- 

Tuononen, Kari :  "Auto~eenijauhatuksen testau~incnctel iiiiit". 
Tuukkanen ,  Matt i :  "Kutilalnaket-iteräk~en stiotaiiiin~ir;iI\ctitcen tutki- 

Vehviläinen, Jouni: "Rautarikkaan metallikuparifaa\iii e\iintyminen 

Vuorinen, Tuija-Liisa: "Scostuk5en ja  pinnoituksen \#aikutus lyijya- 

Zhu, Lin: "Effect of gelati ne additives on electrodeposi (ion of copper". 

\'an ulkopinnoissa". 

ty-ympiristossii". 

111". 

in I iien '' . 

kuparisulaton kuonissa". 

nodi Ila tapahtuvaan hapenkehitysreaktioon". 

OIKAISU 

Vuoriteollisuus-Bergshanteringen -lehteen N:o 1, 1993. 

Vuori miesyhdistys-Bergsmannafiireningen 1943-1 993. 
Valitan, ettii ainakin seuraavat, pelkYstään omasta huolimattoniuudesta- 
ni aiheutuneet virheet ovat edellä mainitussa kirjoituksessa. 
Sivu 20: Myiis Imatran kuparitehtaan 9 MW:n (eikä 2,4:n). 
Sivu 33: Outokurninussa Kerettiin. .. syksyllä 1954 (eikä 1955). 
Sivu 46: Iisiittävii: 1984 TkL Heikki Aulanko, 40-vuotishistol-iikki. 

Toimi Lukkarinen 
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Vuorimies yhdistys palkitsi ansioituneita vuorimiehiä 

Vuorimiesyhdistys-Bergsmannaföreningen r.y. päätti 50-vuo- 
tisjuhlakokouksensayhteydessäpalkitaVuonmiesyhdistyksessä 
ja vuoriteollisuudessa ansiokkaasti toimineita vuorimiehiä yh- 
distyksen Eero Mäkinen ja Berndt Grönblom -mitalilla. 

Vuorineuvos Eero Mäkisen nimeä kantavan ansiomitalin 
saivat professorit Toimi Lukkarinen ja Heikki Paarma sekä 
diplomi-insinööri Urpo J. Salo. 

Grönhlom-mitali ojennettiin tekniikan lisensiaatti Olavi Sil- 
tarille sekä diplomi-insinööreille Esko 1. Laitinen ja Reino 
Mä k e I ä . 

Mitalistit kuvassa vasemmalta Prof. Lukkarinen, Prof. Paar- 
ma, DI Salo. DI Laitinen, DI Mäkelä ja TkL. Sikari. 

vuoriteollisuus 2000 

Teknologianhjelma 

Vuorimiesyhdistys asetti keväällä 1992 projektin selvittämään 
mineraalisia raaka-aineita hyödyntävän teollisuuden sekä sen 
liitännäistoimintojen merkitystä ja tulevaisuuden näkymiä sekä 
kokoamaan ohjelman alan kehitystyölle. Tässä selvityksessä 
vuoriteollisuudella tarkoitetaan lähinnä perinteisten metalli- 
malmien sekä ns. teollisuusmineraalien etsintää, louhintaa ja 
rikastamista; metallurginen teollisuus on jätetty ulkopuolelle. 

Raportin alkuosassa tarkastellaan Suomen vuoriteollisuuden 
historiallista taustaa, nykyistä tasoa, kansantaloudellista merki- 
tystäja tulevaisuuden näkymiä. Pääosa arvioinneistaja visioista 
on peräisin teollisuuden johdon haastatteluista. Raportin toinen 
osa koostuu teknologiaohjelmasta. Se perustuu yhdistyksen 
asettamien työryhmien ideointiin ja jakautuu geologisiin, kai- 
vosteknisiin, rikastusteknisiin ja ympäristönsuojelun aliohjel- 
miin. 

Maailmanlaajuisesti ajatellen vuoriteollisuus on kehittymäs- 
sä ja laajenemassa väkiluvun ja raaka-ainetarpeen kasvaessa. Jo 
nykyisellään se tukeutuu ratkaisevasti korkeaan teknologiaan ja 
tutkimukseen. Runsaan liitännäisteollisuutensa kanssa se on 
integroitunut välttämättömäksi osaksi nykyaikaista yhteiskun- 
taa. 

Suomen vuoriteollisuuden ja sen liitännäisteollisuuden suo- 
rituskyky ja tuotannon arvo ovat maamme väkilukuun nähden 
maailman huippuluokkaa. Tämän tason säilyttäminen riippuu 
osaksi kotimaamme raaka-ainevaroista, osaksi yhtiöidemme 
kansainvälisestä menestymisestä. Rakennuskiven, kiviainek- 
sen ja teollisuusmineraalien raaka-ainevarat ovat hyvät. Sen 
sijaan metallisten varojen kotimainen ehtyminen on haaste 
lähivuosien kehitykselle. Menestyminen edellyttää panostusta 
jatkuvaan koulutukseen ja tutkimukseen -ja tässä tarvitaan 
myös yhteiskunnan tukea. 

Raportin mukaan työnjako lähitulevaisuuden kehitystoimin- 
nassa olisi seuraava: 
- Malminetsinnän kehittämisestä, johon edelleen on voi- 

makkaasti panostettava, huolehtii Geologian tutkimus- 
keskus. 

- Kaivos- ja  mineraaliteknologiassa käynnistetään suureh- 
koja kehitysohjelmia yritysten ja korkeakoulujen tutki- 
musorganisaatioiden toimesta. Rahoituksessa TEKESin 
osuus on tärkeä. Monikansallisiin ohjelmiin on pyrittävä 
mukaan. Esimerkiksi ympäristönsuojelun osalta tavoit- 
teeksi on pitkällä tähtäimellä asetettava nk. jätteetön kai- 
vos: kaivoksen jäännöstuotteet sijoitetaan mahdollisim- 
man pitkälle jo tuotannon aikana louhinuan yhteydessä 
syntyneisiin tiloihin. 

-VMY:n tutkimusvaltuuskunnan toimintaa on tarpeen jat- 
kaa mutta aikaisempaa pienemmällä volyymilla. Pääpai- 
no on edunvalvonnassa, informaation välittämisessä ja 
pohjoismaisten yhteyksien ylläpitämisessä. 

Raporttiin tukeutuen on hyvä asettaa tavoitteita vuoriteolli- 
suuden kehitykselle. Siinäon annettu yleisraameja, joiden sisäl- 
le on kiinnitettävissä yksityiskohtaisia kehitysohjelmia. Siinä 
on myös esitetty ne tosiseikat, joiden pohjalta voidaan lähteä 
kehittämään laajempia visioita omasta ja vuoriteollisuutemme 
tulevaisuudesta. 

YMPARISTONJUOJEW 

w - A I N W U O L T O  . MonimNllimlhk . taaE""".honu 

. I<",t.Mlrnit . M.lmik"rmrt 

. Et.i"tiirn.".t.lrnbt 

Kaivosteollisuus on toiminnallisesti jaettu kolmeen "lenkkiin": 
raaka-ainehuoltoon, louhintaan ja rikastukseen. Kullakin on 
oma painopistealueensa teknologian kehittämisen kannalta. 
Ympäristönsuojelu ja siihen liittyvä teknologia koskettaa kaik- 
kia toimintolenkkejä, 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 800 
members and guests of the society had been gathered together to 
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) 

I F 

and Mr Lenhard Holschuh, Secretary General of 11% (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, 10and 11). 

Saturday afternoon was the occasion of the Society's traditio- 
nai 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 
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Kaivos Kunta Tärkeimmät Haltija 
arvoaineet 

Cr 
CU, zn. s 
Ni. Su 

Ni, Cu 
Ni, Cu 
Zn. Cu, Pb 
AU 
Ni 
AU 
Ni 
Au. Cu 

Outokumpu Chrome Oy 
Outokumpu Finnmines Oy 
Outokumpu Finnmines Oy 

Outokumpu Finnmines Oy 
Outokumpu Finnmines Oy 
Outokumpu Finnmines Oy 
Outokumpu Finnmines Oy 
Oufakumpu Finnmines Oy 
Outokumpu Finnmines Oy 
Outokumpu Finnminer Oy 
Ouiokumpu Finnmines Oy 

Kalkkiknivohset 
1. Parainen Parainen 
2. Ihalainen Lappeenranta 
3. Tytyri Lohjajärvi 
4. Ruokojärvi Kerimäki 
5. Mustio Kurjaa 
6. Ryytiinaa Vimpe1i 
7. Sipoo Sipoo 
8. vampu1a vampu1a 
9. FOrby SärkiSalo 

10. Siikuinen Siikainen 
11. Siivakkala Vampu1a 
12. Kalkkimaa Torni0 
13. Vesterbacka Vimpeli 
14. Ahola Varma 
15. Paltamo Palramo 
16. luuka Juuka 

Klk Oy Partek Ab 
KIk, WoI Oy Partek Ab 
Klk Lohja Oy Ab 
Klk, Dol Louhen Kalkki 
Klk Lohja Oy Ab 
Dol Nordkalk Oy Ab 
Klk, Dol Nordkalk Oy Ab 
Dol Nordkalk Oy Ab 
Klk K. Forsstrüm Ab 
DoI Nordkalk Oy Ab 
Dol Nordkalk Oy Ab 

Dol Nordkalk Oy Ab 
Dol Louhen Kalkki Oy 
Dol luuan Dolomiittikalkki Oy 
DoI l u u n  Oolomiirrikalkki Oy 

Dol, Kv saro Oy 

Minornnlihaivohset 
1. S i h j ä r v i  
2. Lahnaslampi 
3. Horsmanaho 
4. Llpasvaara 
5. Tulikivi 
6. Kemiö 
7. Kinahmi 
8. Uutela" 
9. Nunnanlahti 

10. vartsi1a 

Siilinjärvi P, Klk Kemira Oy 
Sotkamo Tlk. Ni Finnminerals Oy 
P0i"ijär"i Tlk, Ni Finnminerals Oy 
Polvijärvi TIk, Ni Finnminerals Oy 
Juuku Vuolukivi Suomen Vuolukivi Oy 
Kemiö Ms. Kv Lohja Oy Ab 
Nilsiä K" Lohja Oy Ab 
Sotkamo Tlk, Ni Oy Merra Ab 
Juuka Vuolukivi Nunnanlahden Uuni Oy 
Nilsiä K" Lohja Oy Ab 

Tilastotietoja vuoriteollisuudesta v. 1992 
Ylitarkastaja Urpo J. Salo 

~ 

Yhteensä 
nostettu 

__ 
Malmia tai 
hyütykiveä 

- 
a 
- 
- 

60 
04 
51  

69 
67 
25 
21 

4 
25 

7 

- 
33 - 

25 
20 
40 
15 
6 
4 

16 
6 

15 
6 
1 
1 
- 
- 

1 
1 

57 

- 
- 

82 
10 
4 
8 

24 
4 
2 

10 
9 
- 
- 
,53 
- 

- 
7 

r50 

- 

- 

Kaivostyöniel 

Malrnikaiuokset 
1. Kemi 
2. Pyhasalmi 
3. Enonkoski 

4. H i m a  
5. vamina1a 
6. Vihanii'l 
7. suuttopora 
8. Hälväiä" 
9. Juomasuo" 

10. Telkkäla" 
II. Pahtavuoma:' 

4 578 096 
1 420 572 

889213 

656 503 
639 593 
396 189 
308 769 
80 012 
60 235 
37 849 
28 501 

937 396 
1 046 793 

838 134 

495 214 
595 183 
393 161 
297 533 

78 8 W  
17 635 
34 739 
- 

104 504 
175 612 
82 487 

108 800 
109 554 
41 330 
34 772 

3 610 
12000 
5 446 

800 

Kemi"maa 
Pyhajärvi 
Enonkoski. 
sauon1inna 
Nivala 
Vammala 
Vihanti 
Kitiiiä 
Kerimaki 
Kuusamo 
Taipalsuari 
Kitiilä 

9 095 532 4 734 588 679 915 

l 568 428 
1 467 360 

551011 
339 940 
322 866 
191 778 
178 573 
161 546 
160 076 
157 862 
76 769 
76 007 
28 424 
20 937 
10000 
8 000 

1 3 9 1  793 
1035 810 

551011 
326 364 
222 018 
145 109 
178 573 
I I 4  887 
153 863 
154415 
21  635 
76 007 

9 367 
20 937 
10000 
8 000 

42 687 
34 500 
64 298 
25 153 
11 494 
6 796 

24 640 
10515 
22 578 
10048 
2 150 
2 000 

592 
480 

1 100 
900 

Kalkkikaivokset 16 klil Yhteensä 5 319 577 4419789 259931 

9 091 069 
809 978 
458 431 
320 327 
177 053 
149 950 
146 729 
59 894 
54 770 
13 000 

6 832 805 
370 567 
307 987 
115800 
47 253 

116912 
143619 
40 894 
19030 
13 000 

145 474 
16720 
8 010 

15 647 
33 000 
6 460 
3 300 
1400 
9 080 
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239 21 l I I  281 201 8 a07 867 __ 

- 
51 147 
19 240 
II 353 

5 311 
33 136 

- 

121 299 
51 147 
19 240 
II 353 
10428 
5311 
- 

5 700 
326 
170 
148 
600 
210 

4 000 

218778 

25 915 088 

__ 120 187 II 154 

i7282431 I 1 9 0 2 1 1  

1 
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Rikasteiden, metallien, mineraalien ja sementin tuotanto 

Rikasteel tonnia 
Rikkirikaste 
Kromirikaste, palarikaste ja valuhiekka 
Fe-pasute, Siilinjärvi 
ei käyttö% varastoitu 
Nikkelirikaste 
Sinkkirikaste 
Kuparirikaste 
Lyijyrikaste 

Metallit ja metallurgisia tuolteila tonnia 
Raakateräs 
Raakarauta 
Jaloieräs (aihio!) 
Ferrokromi 
Sinkki 
Kutodikupari 
Katodinikkeli 
Kudinium 
Koboltti 
Elohopeaikg 

Seleeniikg 
Hopeakg 

Kultalkg 

Mineraalit tonnia 
Kalkkiki\,i yhteensä 
Killkkikiven käyttö 

~ Sementin valmistus 
- Maanparannuskalkki 
~ Kalkinpoltto 
- Rouheet. tekn.jauheet ym. 
Apaliitti 
Tiilkki 
Kvartsi 
Vuorivillakivi 
Maasälpi 
Vuolukivituotieits 
Wollastoriiitti 
Kiillerikaste 

Sementti tonnia 

1990 

671 661 
489 265 

233 000 
135 397 
99 084 
52 449 
4 104 

2 860 500 
2 283 000 

226017 
156518 
174 923 
65 103 
16 882 

569 
333 

140 972 
28 508 
31 160 

2 813 

4 753 600 

2 397 000 
1 269 000 

439 N O  
648 600 
546 134 
385 207 
276 373 
153 000 
52 630 
33 570 
29 570 

~ 

1 666 600 

1991 

724 114 
458 018 

203 000 
121 259 
107 519 
43 883 

2 938 

2 890 000 
2331 500 

258 200 
190 000 
170 389 
64 433 
13 847 

592 
266 

74 000 
30 322 
35 210 
2 240 

3 864 300 

I714000 
I 119 800 

396 600 
633 900 
472 459 
360 790 
200 987 
124 400 
53 331 
30 583 
27 844 
4 693 

1 324 000 

1992 

652 907 
499 305 

225 000 
135 200 
59 545 
37 397 

908 

3 076 824 
2451 518 

321 738 
187 130 
170 523 

14781 
590 
233 

85 000 
27 168 
30 040 

I 600 

70 948 

3 191 100 

I 554 200 
796 300 
363 600 
477 000 
554 722 
370 873 
169 071 
181 500 
47 470 
31 932 
27 842 
5 134 

1 128 600 

123 



?; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * 
* * 
* * * * * * * A\ * 
* * * * * 

* 
. * * 

* 
* 
* * * * 

>Sk * 
'r? * 

* +k '1C * 
,\\/ -.- * 

Al, * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

toiwottuu kaikille 
lukijoilleen ja 
ilrnoittajilleen 
Hywää Joulua ja 
Onnellista Uutta Vuotta 

till önskur alla sina 
Iäsare och 
annonsörer 
God Jul och 
Gott Nytt År 

I, * * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 





M E T R A  
KANSAINVÄLINEN SUOMALAINEN 

TEOLLISUUSKONSERNI 

Liikevaihto 12 mrd mk 
Henkilöstö 16 000 

WÄRTSILÄ DIESEL 
SANITEC 

ABLOY SECURITY 
IMATRA STEEL 

LOHJA CARAVANS 
CIMCORP 

Imatran M-teräkset 
ovat ylivoimaisia 
työstössä kuin työstössä 

KULTAA 
1 HOPEAA PRONSSIA 

l 

kaikilla paiieiiia 
meidän tuotantoa 

OUTOKUMPU HARJAVALTA METALS OY 
HARJAVALLAN TEHTAAT KUPARIELEKTROLWSI 
23200 HARJAVALTA PL 60 28101 PORI 
Puhelin (939) 358 11 1 (939) 626 61 11 

Telefax (939) 358 239 (939) 626 5312 



P A L V E L U H A K E M I S T O  1 
CEOALAN PA1,VELUJA 

ja ajanmukaisissa laboratorioissamme. 

Geologian tutkimuskeskus 
Hctonimiehcnkuja 4 
02150 ESPO» 

Puh. W1-46971 
riiX. ~O-~O?ZOS 

PUMPPUJA 

Puh. 918-7527073 Fax 918-7527103 
Kuluttavien ja syövyttävien nesteiden pumput 
- Kaivosteollisuudelle 
- Metallurgiselleteollisuudelle 
- Kemianteollisuudelle 

KALLIOPORAT SUODATINKANKAITA 

fd Boart Oy 
Mlnlng C Conltiuction Dlvltbn 

Mäkasllnlnkaiu 2 70620 KUOPIO 
Fuh. (971) 2625 252 

LOUHINTAA JA KIVENJALOSTUSTA 

i 7 
MACHINERY OY 1 
LOUHINTA JA KIVENJALOSTUS 

l 1 Ansatie 5,01740 Vantaa, PL 56, 00511 HELSINKI, puh. 90~89 551 

LÄMPÖKÄSiTTELYTEKNiIKKAA 

SARUN - HY~DYKSESI 
SARLIN - 

POStiOSOite OY E SARLINAB. PL. 750, W101 HELSINKI 
Vaihde. (90) 504 441 * Fax. (90) 563 3227 *Telex: 124771, 121894 esarl sf 

MITTALAITTEITA 

FINNPROSPECTI N G K 
Palotie 25 02760 Espoo puh 90-8057388 fax 990-8057550 
- TÄRINÄMITTAREITA räjäytysten valvontaa 
- KALTEVUUSMITTAREITA kairausreikien mittaukseen 

MURSKAUS1,AITOKSIA 

MURSKAIMET - SEULAT - SYÖTTIMET 
KULJETTIMET - MURSKAUSLAITOKSET 

Lokomonkatu 3 
PL 306,33101 TAMPERE 

Telefaxit: 
myynti 931-501 207 
kulutus- ia varaosat 931-501 400 

Puh. 931- 501 111 

TAMFELT 
Tamfelt Oy Ab, Suodatinkankaat 

PL 427, 33101 Tampere 
Puh. (9311 639 11 1. Telefax i931i 639 608 

TERÄKSEN VALMISTUSTA JA JATKOJALOSTUSTA 

@ RAUTARUUKKI 
Hebingln kannori Oulun k&uskwi~oil 
PL Bbo IFledilklnkdU 51~53)  
CO101 HELSINKI 90101 OULU 
Puh. (90) bB0 01 
leletox (90) 8288 lelefox (981) 327 X.5 

PL 217 (Klibkiventie 1) 

Puh.(V81)327 111 

TERÄSTÄ 

UDDEHOLM 
Työkaluteräkset 
Erikois teräkset 

TUTKIMUSPAI,VEI.UT 

0 OUTOKUMPU MINING SERVICES 
I GEOANALYTTIINEN 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 

MINERAALITEKNIIKAN LABORATORIO 
TJlh~.allldlu 1 83500 0I.TOKJMPJ 
r.n $71 5571 teeiar 971.557 557 

TUTKIMUSURAKOINTIA 

1 SUQNJENMALA" 

1 PL 10 02921 ES P 0 0 PUH 90 - 853 1412 F h x  - 853 3010 

VENTTIILEITÄ, LÄMMÖNSIIRTIMIÄ 
I 

H~GFORS 
VENTTIILIT LÄMMÖNSIIRTIMET 

SALO, p. 924-312991 HEINOLA, p. 918-155270 
Fox 924-331505 Fox 918-153209 





Tutkimusselosteet: sarja A 
A 9 ”Rikastamoiden jätealueiden järjestely Suomen eri kai- 

voksilla” 
A 10 ”Kuilurakenteet 
A 20 ”Rikastamoiden instrumentointi” 
A 22 ”Tulenkestävät keraamiset materiaalit” 
A 24 ”Kaivosten ja avolouhosten geologinen kartoitus 
A 25 ”Geofysikaaliset kenttätyöt 1 - Painovoimamittaukset” 
A 27 ”Kallion rakenteellisten ominaisuuksien vaikutus louhit- 

tavuuteen” 
A 32 ”Seulonta” 
A 34 ”Geologisten joukkonäytteiden analysointi” 
A 36b ”Pakokaasukomitea - uusimpien julkaisujen sisältämät 

tutkimustulokset dieselmoottorien saastetuoton vähentä- 
miseksi” 

A 39 ”ATK-menetelmien käyttö kallioperäkartoituksissa” 
A 42 ”Kaivosten työympäristö” 
A 47 ”Murskeen varastointi talviolosuhteissa” 
A 50 ”Kaukokartoitus malmidetsinnässä” 
A 52 ”Suunnattu kairaus” 
A 53 ”Kivilajien kairattavuusluokitus” 
A 54 ”Nykyaikaiset murskauspiirit” 
A 55 ”Murskaus- ja rikastusprosessien asettamat tekniset olo- 

suhdevaatimukset Suomessa” 
A 56 ”Pölyntorjunta kaivoksissa” 
A 57 ”Palontorjunta kaivoksissa” 
A 58 ”Paikan ja suunnan määritys geofysikaalisissa tuikimuk- 

sissa” 
A 59 ”Utveckling av seismiska metoder för geologiska och 

bergmekaniska undersökningar” 
A 60 ”Holvautuminen purkumenetelmät” 
A 611 ”Rakeisen materiaalin kosteuden mittaus” 
A 62 ”Luettelo Suomessa olevista ja tänne helposti saatavista 

elementtiohjelmistoista” 
A 63 ”Avolouhoksen seinämän kaltevuuden optimointi” 
A 64 ”Suomessa tehdyt kallion jännitystilan mittaukset” 
A 65 ”Kiintoaineen ja veden erotus” 
A 66 ”Pohjavesikysymys kalliotiloissa” 
A 67 ”Crosshole seismic investigation” 
A 68 ”Automation of a drying process” 
A 69 ”Rakeisen materiaalin jatkuvatoiminen kosteuden mittaus” 
A 70 ”Happamien ja intermediaaristen magmakivien kivilaji- 

määritys pääalkuainekoostumuksen perusteella” 
A 71 ”Kallion tarkkailumittaukset” 
A 72 ”Elementtimenetelmien käyttö kaivostilojen lujuuslasken- 

nassa” 
A 73 ”Crosshole seismic method” 
A 74 ”Pölynerotus ja ilmansuojelu” 
A 75 ”Heikkousvyöhykkeiden geofysikaaliset tutkimusmene- 

telmät” 
A 76 ”Teollisuusmineraaliesiintymien raakku- ja malmi- 

tyyppikartoitus geofysikaalisten menetelmien avulla” 
A 77 ”Kaivosten jätevedet, kiinteät jätteet ja ympäristönsuojelu” 
A 78 ”Suomen kaivokset ja ympäristösuojelu” 
A 79 ”Kaivosten kiinteiden jätteiden ja jätevesien käsittely - 

Ohjeita ja suosituksia” 
A 80 ”Hienojen raeluokkien rikastus” 
A 8 1 ”Measurement of Rock Stress in Deep Boreholes” 
A 82 ”Avolouhosseinämien puhdistus” 
A 83 ”Economical Blasting in Open Pits” 
A 84 ”Näytteenotto ja havainnonteko kaivosteknisten kallio- 

ominaisuuksien selvittelyssä” 
A 85 ”Mineralisaatioiden luokittelu taajuusalueen 

spektri-IP-mittauksia käyttämällä” 
A 86 ”Kalliokaivojen paikantaminen” 
A 87 ”Syväsähköiset malminetsintämenetelmät” 
A 88 ”Suomen nikkelimalmien petrofysikaaliset ominaisuudet.” 
A 89/i ”Näytteenotto jauheista” 
A 89iII”Näytteenotto jauheista” 
A 9 1 ”Panostuksen mekanisointi ja automatisointi” 
A 92 ”Painevalssimurskain - kirjallisuusselvitys” 
A 93 ”Kallioperän atmogeokemiallinen tutkimus 

A 94 
A 95 ”Mineraalipölyt” 
A 96 ”Pohjoismainen datamalliprojekti” 
A 97 ”Malmiarvion laatiminen” 
A 98 

A 99 ”Termisen infrapunakuvauksen käyttömahdollisuudet 

Testiprojekti 1989-90 
”Geological waste rock dilution” 

”Uuden murskaus- ja kuljetusteknologian soveltaminen 
avolouhintaan.” 

geologisiin tutkimuksiin Suomessa” 1 

f A 100 ”Geologiset ympäristövaikutukset 
kalliotilojen louhinnassa” 

I A 101 ”Vuoriteollisuus 2000 - teknologiaohjelma” 
i, A 102 ”Geokemian ja geofysiikan kompleksitulkinnat” 

A 103 ”Kuva-analy ysi rikastumismineralogiassa” 
f ~~ 

hinta 

20, - 
20,- 
20,- 
20, - 
20, - 
20, - 

45,- 
40, - 
50,- 

50,- 
25,- 
50,- 
4,- 

100,- 
50,- 
50,- 
50,- 

50,- 
50,- 
50,- 

50,- 

50,- 
50,- 
50,- 

30,- 
50,- 

50,- 
50,- 

70,- 

50,- 

70,- 

50, - 

50,- 
50,- 

50,- 
50,- 
70,- 

90,- 

50,- 
50, - 
50,- 

50,- 
100, - 
50,- 
70,- 
50,- 

50,- 

100, - 
30,- 

100, - 
150,- 
70, - 
70, - 
70,- 
70,- 

80, - 
100, - 
80,- 
80,- 

100, - 

100, - 

100, - 

80,- 
50,- 

120,- 
in print 

Vuorimiesyhdistys - Bergsmannaförening ry:n 
tutkimusselosteet, kirjat ja julkaisut 

Koulutus- ja seminaarimonisteet, kalliomekaniikan 
päivien esitelmämonisteet sekä muut julkaisut: sarja B 

B 
B 12 
B 14 
B 16 

B 17 
B 18 

B 19 

B 23 
B 25 

B 27 
B 29 
B 30 
B 32 

B 37 
B 38 

”Kalliomekaniikan päivät 1967-78, 1983-84 h 50,- 
”Kalliomekaniikan sanastoa” 10,- 
”Kaivossanasto” 8, - 

myksiä” 45,- 
INSKO 49-74 ”Skänkmetallurgi-Senkkametallurgin” 45,- 

sen teollisuuden toiminnan ohjauksessa” 45,- 

symyksiä metalliteollisuudessa” 45,- 
”Laatokan-Perämeren malmivyöhyke” 4,- 

INSKO 106-73 “Terästen Iämpökäsittelyn erikoiskysy- 

INSKO 90-74 ”Investoinnit ja käyttölaskenta metallurgi- 

INSKO 45-75 ”Materiaalitoimitusten laadunvalvontaky- 

”Raakkulaimennus ja sen taloudellinen merkitys kaivos- 
toiminnassa” 50,- 

loppuunmyyty ”Kaivos- ja louhintatekniikan käsikirja” 

”Valtakunnallisen geologisen tietojenkäsittelyn kehittä- 
misseminaari” 50,- 
”Kaivoskohteiden urakkasopimusjärjestelmä” 50,- 
”Tuotantomineralogian seminaari 16.1.1986 60.- 

”Uraaniraaka-ainesymposiumi” 50,- 

”Teollisuusmineraaliseminaari” 50,- 

B 39 ”Maanalaisen louhhtatyömaan sähköistys ja automaatio” 100:- 
B 40 ”Vuorimiesvhdistvksen tudtimusselosteen kirioitusohieet” - 
B 41 

B 42 

B 43 

B 44 
B 45 
B 46 
B 47 

B 48 
B 49 
B 50 
B 51 

”Mineraalitekniik& tutkimuksen valtakunnailinen kehit- 
tämisohjelma 1988” 50,- 
”Malminetsinnän tehtävä ja tarkoituksenmukainen 
organisointi Suomessa yhteiskunnan ja vuoriteolli- 
suuden kannalta” 30,- 
”Mineraalisten raaka-aineiden tarve ja saatavuus Suomes- 
sa” loppuunmyyty 

loppuunmyyty 
”Kalliotekniikan tutkimus- ja kehitysohjelma” 50,- 
”Kairaus -89 koulutuspäivät” 

”Suomalainen kivi - rakennuskivipäivät Oulussa 
26. -27.4.90” loppuunmyyty 

”Kalliomekaniikan päivä 8 9  80,- 

”Kalliomekaniikan päivä 1 9 9 0  120,- 
”Tuotantomineralogian seminaari 1 9 9 0  100,- 

Oulu I .-2.10.1992 100,- 

”Geokemian päivät Oulussa 28.-29. I I .90” 
”Suomen kallioperän kehitys ja raaka-ainevarat” 

loppuunmyyty 

B 52 ”Fragmentointiseminaari 7.-8.11.90” 
B 53 ”Malmiarvioseminaari 26.1 1.92” 
B 54 ”Itä-Suomen kultaesiintymät, 

Ekskursio-opas 28.-29.9.93” 

50,- 
100,- 

80,- 

Vuoriteollisuus - Bergshanteringen-lehden vanhempia numeroita myy- 
tävänä vuosikertojen täydennykseksi jäsenille hintaan 2,50/numero. 

Julkaisuja ja lehtiä voi tilata yhdistyksen rahastonhoitajalta kirjallisesti 
osoitteella: 

Vuorimiesyhdistys - Bergsmannaforeningen r.y. 
do Outokumpu Oy/M. Parkkinen 
PL 280, 02101 ESPOO 
tai telefax 90-4213888 

LuK Marjatta Parkkinen hoitaa Vuorimiesyhdistyksen jäsenre- 
kisteriä. Mikäli osoite, tehtävät tai vakanssi on muuttunut, pyy- 
dämme lähettämään muutosilmoituksen kirjallisena siinä muo- 
dossa, jossa haluatte sen ”Uutta jäsenistä” palstalle. 

0s.: Vuorimiesyhdistys-Bergsmannaföreningen r. y. 
c/o Outokumpu Oy/M. Parkkinen 
PL 280, 02101 ESPOO 
tai telefax 90-42 13888 

NatK Marjatta Parkkinen sköter om Bergmannaföreningens 
medlemsregister. Om er adress, arbetsuppgifter eller tjänst har 
ändrats, anhåller vi om skriftlig ändringsanmälan, till ”Nytt om 
medlemmama” spalten. 

Adr.: Vuorimiesyhdistys-Bergsmannaföreningen r.y. 
c/o Outokumpu Oy/M. Parkkinen 
PB 280, 02101 ESBO 
eller telefax 90-4213888 



ILMOITTAJAT - ANNONSÖRER 

0 ALGRAPHICS Oy 
0 BOART Oy 
0 FINNPROSPECTING Ky 
0 FUNDIA AB 
0 GEOLOGIAN TUTKIMUSKESKUS 
0 H~GFORS,  Sento Oy 
0 IMATRA STEEL Oy Ab 

0 LAROX Oy 
0 LOKOMO Oy 
0 MACHINERY Oy, Louhinta ja kivenjalostus 
0 METRA Oy 
0 OUTOKUMPU HARJAVALTA METALS Oy 
0 OUTOKUMPU MINING SERVICES OY, 

Geoanalyyttinen laboratorio 
0 OUTOKUMPU TECHNOLOGY Oy 
0 PARTEK MINERALS Oy Ab 

0 INSKO - AEL 

0 RAUMA Oy, Nordberg Group 
0 Oy ROLAC Ab 
0 Oy ROXON Ab 
0 Oy E. SARLIN Ab 
0 SUOMEN SANDVIK Oy 
0 SUOMEN MALMI Oy 
0 TAMFELT Oy Ab 
0 TAMROCK Oy 
0 Oy TRELLEX Ab 
0 Oy UDDEHOLM Ab 
0 VALMET AUTOMATION Oy 
0 VALTION TEKNILLINEN TUTKIMUSKESKUS, 

0 VIHTAVUORI Oy 

0 WARMAN INTERNATIONAL SCANDINAVIA Oy 

Mineraalitekniikan laboratorio 

0 VMY-BMF 

OHJEITA KIRJOITTAJILLE 

Lehden painatuskustannusten pienentämiseksi ja ulkoasun yh- 
tenäistämiseksi kirjoittajia pyydetään noudattamaan seuraavia 
ohjeita: 

Käsikirjoitukset on kirjoitettava koneella yhdelle puolelle arkkia 
2-välillä. Otamme myös pc-diskettinä kirjoituksenne. Silloin pyy- 
dämme liittämään mukaan yhden paperikopion. On pyrittävä 
lyhyeen ja ytimekkääseen esitystapaan. Artikkelien suositelta- 
va enimmäispituus kuvineen, taulukkoineen ja kirjallisuus- 
viitteineen on 4 painosivua. Toimituksen mielestä lyhennettä- 
viksi mahdolliset käsikirjoitukset palautetaan kirjoittajille korja- 
usta varten. 3 konekirjoitusarkkia = noin 1 sivu. 

Pääotsikot ja alaotsikot erotetaan toisistaan selkeästi. 

Kuvat ja taulukot numero,idaan jatkuvasti ja niiden tekstit sekä 
näiden englanninkieliset käännökset kirjoitetaan erilliselle ar- 
kille. Kuvien olisi mahduttava yhden palstan leveydelle (85 mm), 
mutta ne on piirrettävä vähintään kaksinkertaiseen kokoon otta- 
en viivapaksuuksia ja kirjainkokoja valittaessa huomioon pie- 
nennyksen vaikutus. Kuvia ei varusteta kehysviivoin. Kuvien 
paikat on merkittävä käsikirjoitukseen. Kuvien ja piirustusten 
tulisi mieluimmin olla mustavalkoisia. 

Kirjallisuusviitteet numeroidaan jatkuvasti / / sulkuihin tekstis- 
sä ja esitetään lopussa seuraavassa muodossa: 
1.  Järvinen, A., Vuoriteollisuus - Bergshanteringen, 34 (1976) 

2. Kirchberg, H., Aufbereitung bergbaulischer Rohstoffe, Bd 1. 
35-39. 

Verlag Gronau, Jena 1953. 

Jokaiselle artikkelille on ilmoitettava englanninkielinen otsik- 
ko sekä laadittava kielellisesti tarkistettu englanninkielinen yh- 
teenveto - summary - pituudeltaan enintään noin 20 konekir- 
joitusriviä. 

Palauttakaa aina käsikirjoitus yhdessä korjatun oikovedoksen 
kanssa takaisin toimitukseen. 

Keväällä ilmestyvään lehteen tarkoitetut artikkelit on lähetettävä 
toimitukselle 13.3. mennessä, syysnumeroon tarkoitetut 14.10. 
mennessä. 

Eripainoksia toimitetaan kirjoittajan laskuun eri sopimuksella. 
Eripainoksien minimimäärä on 100 kpl. 

Kaavat ja yhtälöt on kirjoitettava selvästi ja yksinkertaiseen 
muotoon, mahdollisuuksien mukaan välttäen ala- ja yläindeksi- 
en, erikokoisten merkkien ja vieraiden kirjainten käyttöä. On 
käytettävä SI-yksiköitä. 
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