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   Bioleaching – Mythology:  
 

-  Talvivaara mine’s black schist's formation has been known for a long time. The geologic  

origin is most likely from volcanic activity about 600 million years ago. Outokumpu Oy, Inc. 

concluded years back that the formation’s metal content was too low to realize a profitable  

mining operation.  

- Two formations in close proximity contain about 15 % of coal and sulfide minerals, mostly  

iron, manganese, aluminum, magnesium and very small amounts (0.2 %) of nickel, zinc,  

copper, and cobalt.  

-  The erosion of sulfide mineral containing rock and the resulting release of soluble metal 

sulfates, as a geologic phenomenon, is known very well. Sulfur oxidizing bacteria are known  

to grow in these eroding rock formations. Thus this geologic erosion has also been called 

“bioleaching”. From an ecologic perspective, this phenomenon is slow and marginal. Natural 

water in Finland does not exhibit harmful amounts of soluble metals.  

-   But when mining engineer Mr. Pekka Perä learned of this phenomenon, he believed that  

the bacteria could profitably dissolve the metals from the black schist formation. Lack of 

knowledge, inexperience, and greed led to a mythological belief and to an enormous  

ecological catastrophe. The investors and financiers had the same lack of knowledge and  

the mythological belief took over without facts and verification. 
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-  Cover-ups and avoiding responsibility began once the truth about this unprofitable method  

was discovered. The ecological catastrophe, increasing costs, and small metal recovery was 

blamed on too much rain instead of on the use of insane amounts of sulfuric acid and the  

costs associated with its neutralization including environmental damage. Everyone involved 

covered up the real truth by any means possible.  

-  It was these cover-ups and the “systemic corruption” that inspired the movie  

“JÄTTILÄINEN” (“GIANT”), thanks to screenwriter Mr. Pekko Pesonen.  

-  I was introduced to Talvivaara’s case by chance due to my own research and development, 

and patented methods and products relating to the mining industry. (48 original patent 

applications and hundreds of patent publications, also in other industries.)  

-We researched Talvivaara’s case by conducting chemical analysis and utilizing our new 

technology. We used our new molecular unique separations technology (MUST) and 

precipitation of “sulfate-ice” to successfully and economically purify the mining wastewater.  

We used also our extremely sensitive x-ray fluorescence to analyze the sulfate and metal 

content on top of other analytical techniques.  

-  Talvivaara did the analysis of results from the commissioned research.  

 

-   A summary of the results is presented below and in the attachments.  
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History of events, 2008-2016:  

 

1.  I met the technical director of Talvivaara mining company Inc. (TV), Leif Rosenback for 

the first time in 2008.  

2.  07.10.2011 we ended our TV’s commissioned research for the purification of their mining 

wastewater. The results are summarized in a report (Attachment 1) This report describes 

the reclamation of harmful metals and quality of the purified water.  

3.  01.12.2011 – 14.02.2012 we continued research on our own and on 14.02.2012 we 

published the results in a report (Attachment 2). This report describes the removal of 

sodium sulfate as solidified “sulfate-ice” from the final neutralization of mining wastewater. 

This method has been protected by patent application in over 30 countries.  

4.  07.06.2013 I published a summary on TV’s mining operations, a proposal to fix the 

sulfuric acid leaching method by adopting the new method, and purify the wastewater so 

that the mine can become profitable. (Attachment 3) 

5.  20.11.2013 I sent a letter to TV’s board of directors and to the chairman of the board Mr. 

Tapani Järvinen (Attachment 4). The results from the water purification tests were attached 

to the letter. The letter went unanswered.  

6.  2015 TV was forced to declare bankruptcy. 100 % federally owned Terrafame Inc. took 

TV under management; maintenance costs are over 20 million euro per month without 

a signal of profitability. 
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Talvivaara in the middle of Finland Close to the City of Kajaani 

On continental devider Mining site 60 km 2 
Talvivaara mine in operation, 2012 

Picture 1: Location of Talvivaara Nickel Mine in Finland 
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Picture 2: TV mine’s operation is based on sulfuric acid leaching: Metal sulfides dissolve in 

sulfuric acid. When the crushed ore is heavily aerated, nickel and zinc, for example, dissolve in 

the sulfuric acid as their metal sulfates. The metal sulfates are reduced back to metal sulfides 

with hydrogen sulfide causing them to precipitate. The metal sulfide precipitate is collected and 

the leftover sulfuric acid solution is neutralized with (sodium hydroxide) and lime, which forms 

gypsum and a sodium sulfate containing wastewater that is led to rivers and lakes. This is 

causing an ecological catastrophe reaching the Baltic Sea. TV’s nickel production cost 

estimate: ~75,000 €/ton, when the market price was 8,500 €/ton, 2/2016.  

. 
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feed 

overflow 

gypsum 

precipitate 

Dr. Hannu L. Suominen 26.2.2015 
1 tn Ni  => 500 m3  Na2SO4 - solution  / or 10.000 tn Ni  =>  5.000.000 m3 waste water 



Table 1: Chemistry of leaching and recovery of metal sulfides: 

1)  Sulfuric acid leaching in ore piles: 

NiS         +         H2SO4                 NiSO4      +     H2S      +     heat energy! 
nickel-                   sulfuric acid                       nickel-         hydrogen 

sulfide                                        sulfate         sulfide) 

(solid)                   (corrosive)                        (soluble)         (gas, acute toxic) 

2) Oxidizing reaction by airation in ore pile: 

H2S         +         2O2                       H2SO4     +     heat energy!  
hydrogen                    oxygen                  sulfuric acid 

sulfide                             (from air) 

 

3) Precipitation reaction by hydrogen sulfide and lime in metal recovery plant: 

NiSO4      +         H2S    +    2NaOH         NiS      +      Na2SO4    +    2H2O 
nickel-                   hydrogen   sodium-               nickel-                    sodium -               water 

sulfate                   sulfide                hydroxide                sulfide                    sulfate  

(soluble)                   (solid precipitate)   (soluble) 

                 

4) Partial neutralization reaction in metal recovery plant: 

2H2SO4   +        2NaOH          Na2SO4      +      2H2O      +     H2SO4   
     sodium sulfate                                          sulfuric acid 

                (soluble) 

 The left over is acidic soluble sodium sulfate solution, which contains metals such as iron, aluminum, manganese and 

magnesium with some nickel and zinc, too.  Acid solution (pH =3,3) is introduced as feed into the final neutralization.    
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Table 2: Chemistry of the final naturalization: 

 
1) Neutralization of sulfuric acid by lime stone, which contains calcium and  

magnesium carbonates: 

 

H2SO4         +        CaCO3                 CaSO4
         +         CO2        +    H2O 

sulfuric    calcium       calcium                            carbon              water 

acid    carbonate                       sulfate or         dioxide 

   +MgCO3       gypsum 

    lime stone      (solid) 

      
Lime stone neutralizes sulfuric acid as a solid calcium sulfate or gypsum  only partially 

because it contains about 30 % of magnesium carbonate, which makes soluble  

magnesium sulfate, which stays soluble in the final overflow. If pH of final neutralization  

is over 8,5, then most of the metals, soluble in acid, will precipitate as metal hydroxides  

with gypsum. Sodium sulfate passes by the final neutralization and enters into natural  

waters with other pollutants. 
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Picture 3: TV’s mining zone 2012 when we terminated our purification trials. Uneconomic 

operation and enormous ecological damage led to the Finnish state taking control of 

operations in 2015. Because of sulfuric acid leaching and the small concentration of metals 

in the ore, the mine is not profitable and operations will most likely stop in 2016.  
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Picture 4: STOP TV-activist’s view on TV’s mining area 4/2013. mediadesk [at] 

stoptalvivaara.org - Talvivaara aluekuva 13.4.2013.. The widespread environmental  

damage in the water rich continental devider area was known already in 2011. The  

yield in metal recovery was well under the yields needed for profitable operation, and  

no resources or capital was ever reserved to purify the wastewater.  
. 
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https://www.flickr.com/people/94936531@N05
https://www.flickr.com/people/94936531@N05
https://www.flickr.com/people/94936531@N05
https://www.flickr.com/people/94936531@N05
https://www.flickr.com/photos/stoptalvivaara/8651585824/


Picture 5: Areal shot of TV’s mine and its surroundings in Sotkamo, June 2013; 

Gypsum slurry ponds have been formed from the lime stone used to neutralize 

the sulfuric acid. The ponds are leaking even more as operation continues. 
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Picture 6: TV’s wastewater flows uncontrolled into the environment, 2013.  

Sulfuric acid leaching used ~250.000 tons of concentrated sulfuric acid per year,  

when production was ~10.000 tons of nickel. This has resulted in over 5 million  

cubic meters of untreated wastewater that has been channeled continuously,  

with intent, into the environment for over 5 years (~25 M m3) 
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Picture 7: We purified TV mine’s wastewater using MUST reproducibly from 2011-2013. From  

the final neutralization feed, we recovered harmful and precious metals and of the original sulfate 

(~30.000 mg/l) removed 93 %. Final neutralization’s overflow sulfate (7.000 mg/l) was removed  

to harmless levels (200 mg/l; over 97 %). Uranium in the feed was estimated under 30 mg/l. The 

recovery of this small amount is uneconomical. Uranium was completely removed from the 

purified water of overflow. 
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Kuva 8: MUST pilot plant that was used to  

purify TV’s feed to the final neutralization and 

its overflow.  Reactor cells mid-center and 

separation towers above.  

Picture 9: MUST water purifier, which 

was built at a customer site to purify 

landfill leachate water. Reactor cells are 

center, under protective covers. 
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Table 3:  MUST purification of feed to the final  neutralization and to its overflow. 

Parameter      unit          feed             MUST   R %                       (lake water) unit              

pH   (feed)               3,3                  8,6    -                7,5 - 

Conduct.         mS/cm             20,9                  3,0              >99,00                        0,3.0 mS/cm 

DS              mg/l          46.793,0 (1)     2.465,0               >99,99                    <20  mg/l 

Ni       mg/l                 50,5                 0,044           >99,99                     < 0,004   mg/l 

Zn                    mg/l             48,0               <0,02  99,99                     < 0,020 mg/l 

Co       mg/l              0,91               0,066  99,99                        -  mg/l 

Cu       mg/l              0,13             <0,03  99,99                     < 0,020  mg/l 

Fe       mg/l       3.236,0               <0,05  99.99              <0,05 mg/l 

Mn       mg/l             2.235,0                  0,0691          99,99                        2,62  mg/l 

Al       mg/l            77,0                 2,032  99,99                      <0,02  mg/l 

Mg       mg/l       3.124,0               94,74  97,0              <0,7 mg/l 

Ca                  mg/l            61,0             417,6    9,4                4,6 mg/l 

Na       mg/l       1.762,0             318,7  82,0                1,0 mg/l 

SO4
2-                      mg/l     29.946,0 (1)     2.158,0  92,8                6,3 mg/l 

U                     mg/l          <30,0 (3)            0,185  99,00                     <0,0001            mg/l 

SO4
2- (over-     mg/l       7.000,0             200,0 (2)  97,0(99 from feed)   6,3                mg/l 

U     flow)      mg/l            <0,2 (3)          <0,0001 (2)   100,0                       <0,0001          mg/l 

(1) Feed to neutralization, (2) Purified overflow to nature, (3) Estimate, the exact analysis is missing.  
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METAL RECOVERY 
FINAL 

NEUTRALI- 

ZATION 

OVERFLOW TO WASTELAKE 
PURE LAKE 

+ WATER RECYCLE SULFURIC ACID 250.000 tn/v 

MATERIAL BALANCE OF TALVIVAARA ”BIOLEACHING” PROCESS 

METALSULFATES 

 GYPSUM POND: 
        Vol. 1-2 Mm3 

        DS 190.000 tn 

        of gypsum and                           

        heavy metals and  

        radioisotopes 

Vol 5.000.000 m3 

DS    233.965 tn  (5%) 

Ni     2 52 tn 

Zn             240 tn 

Fe        16.150 tn 

Mn        11.175 tn 

Al              385 tn 

Mg       15.620 tn 

SO4
2-  149.730 tn 

pH              3,3 

DS    <20,0      mg/l 

Ni        <0,004 

Zn       <0,020 

Fe       <0,050 

Mn      <2,620 

Al       < 0,020 

Mg      <0,700 

SO4
2-   <6,300 

pH        7,5 

Lime stone 

200.000 tn 
  H2S + NaOH 
 

  Precipitated 

  metalsulfides: 

  Vol.  50.000 m3 

  NiS  14.000 tn 

  ZnS 25.000 tn 

 

 

FEED 

5,0 Mm3 0,55 Mm3 

0,5 Mm3 evaporates 

RAIN 1-2 Mm3 

Vol. 5-7,5 Mm3 

Na2SO4 + 

MgSO4   

50.000 tn 

pH> 8,0 

Picture 10: The calculations of material  

balance are accurate on sulfuric acid, analysis  

of feed and final neutralization (LONE) with  

sodium and magnesium sulfates. 

Metalsulfides  ORE PILE 

AIR 



Table 4: Material balance has been calculated based on total volume of sulfuric 

acid used over 250.000 tn/y to leach 10.000 tn/y of nickel. Based on the analysis 

of the feed to the final neutralization and its over flow (table 3) the volume of the 

feed has been from 5.000.000 to 7.400.000 m3. 
 
Feed to final neutralization (material balance calculated for 5.000.000 m3): 
Parameter mg/l  tn/y  €/tn  M €/y 

Ni  50,5             252,0  8.500  2,14 

Zn  48,0             240,0  1.700  0,41 

Co    0,91                 4,55               22.700  0,103 

Cu    0,13  0,65  4.600  0,003 

Fe            3.236,0        16.150,0     220  3,55 

Mn            2.235,0        11.175,0  1.500               16,76 

Al                 77,0            385,0  1.550  0,60 

Mg            3,124,0       15.620,0 (32.800)(1  1.720               26,87 

SO4
2-

          29.946,0     149.730,0  -  - 

Na            1.762,0         8.810,0 (18.381)(1  100  1,84  

Over flow of final neutralization: 

Na2SO4
(1         10.000,0       50.000,0  100  5,00 

 

(1 Calculated as magnesium and sodium sulfates. Over 50.000 tn/y of sulfates and over 10.000 tn/y of harmful manganese 

flows to nature. 
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Table 5:  Soluble sulfates have been the most serious problem  of mining industry 

since the last 150 years.  We removed soluble sulfates and recovered Uranium by 

the MUST- method from acidic waste water of Phelps Dodge Bisbee’s copper 

mine, already in 2007. The results of the reference case follow: 
 
Parameter     waste water (mg/l)  MUST (mg/l)  R (%)     glacial lake (mg/l) 

 

pH  2,4  8,3  -  7,5 

Sulfate        36.700,0              35,7  99,90           <50,0 

Uranium (1 2,16  0,000192 99,99  0,0001 

Nickel              11,2  0,06  99,46             <0.01 

Copper            247,0  0,15  99,93             <0,20 

COD         1.880,0  ND (2              100,00             <5,0____ 

 

 

 
(1  Waste water of Phelps Dodge Bisbee’s copper mine (AZ, USA) contained uranium of 

2,16 mg/l, about the same amount than in the overflow of final neutralization of TV nickel mine,  

but it was not economical feasible to recover even when we separated and precipitated it  

quantitatively. (2  ND= Not Detected. 
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Kuva 11: The recovered metals and purified waste water from  

Phelps Dodge Bisbee’s copper mine (AZ, USA) by the MUST- 

method in 2007. 
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Picture 12: Soluble sodium sulfate in the over flow of TV mine’s 

final neutralization was recovered as solidified “sulfate-ice” for 

the first time in 2012. (Patent application no. 20145319). 
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Picture 13. Ore handling using dry-enrichment method: Precious minerals and 

elements are separated from crushed ore using jet milling and an ion-particle 

classifier. The dry-enrichment process does not require water, and no wastewater 

is produced. Air also stays clean. Dr. Hannu L. Suominen and partners invented  

the process, which is internationally patented. The processing cost for nickel 

using the new process is ~5.000 €/ton when production is 30.000 ton/y. 

Nickel’s market price is about 8.500 €/ton as of 2/2016.  
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NO WASTE 

WATER 

NO AIR 

POLLUTION 


