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SEEWAY-project 
* Smart Metal Recovery and Water Treatment Systems 

* Part of Green Maining program 

* Funding period for 1.1.2013 – 31.3.2015 

* Aim: demonstrate smart water systems which have 
capabilities to recover metals in low-concentration mine 
water streams also in the exceptional situations 

* Based on multidisciplinary networking between 
geochemistry, chemistry, informatics, water-engineering and 
energy research 

Partners: Geological Survey of Finland (GTK), University of 
Eastern Finland (UEF), University of Oulu, Savonia 
University of Applied Sciences, 7 Companies 



MineWaCon-project 
* Mobile Research Environment for Mine Waters 

* Part of Green Maining program 

* Funding period 1.1.2013 – 31.12.2013 

* Aim: 1) create infrastructure for SEEWAY-project; 2) build up 
portable and adaptive purification container 

* Pilot systems are tailored with modules of the measurement, 
online-analytics, automation and process units 

Partners: Geological Survey of Finland (GTK), University of 
Eastern Finland (UEF), Savonia University of Applied 
Sciences, Several companies 
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Introduction to bisphosphonates 
- bisphosphonates (BPs) are analogues of naturally 

occuring pyrophosphates, P-O-P 

- they also have structural similarities with ATP 

Pyrophosphate Bisphosphonate 

- the first BP was prepared on 1860s 

- BPs as bone targeting agents were discovered late 1960’s 

- nowadays ca. 15 BPs are in clinical use  

ATP 



Properties of BPs 
- BPs are highly acidic and ionic 

compounds 

- BPs are good chelators for various 
metal cations like Ca2+ 

- amino-BPs are used as bone drugs 
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- generally properties of BPs are depending on the group R 

- nowadays ca. 30 000 BPs are known 

Rule out solubility  
and metal selectivity 



- in the beginning BPs were used as water softeners 

- typical examples of medical use are antitumor agents, drug 
delivery agents, radiopharmaceuticals, anti-inflammatory 
agents, … 

- in agriculture as fertilizers and in food science (etidronic acid) 
as anti-oxidant 

- in metallurgy as surfactants for metals, scale inhibitors, 
corrosion inhibitors, … 

- in chemistry as chelating agents, catalysts, … 

- in polymer chemistry as modifiers and additives 

- in environmental chemistry as waste water purification 
agents 

BP applications 



BPs as metal dragnet (N10O) 
Target:  Develop novel resin-free ion exchange 

materials for metal chelating  

 - ídea is based on a sparingly soluble BP derivative 
N10O (LiMe)  

- while N10O is solid it still adsorb metal ions from 
solution effectively 

- solubility is chain lenght and pH dependent 
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Quantitative analysis BPs 
* no direct method to analyze solid BPs quantitatively  

* general spectrophotometric method developed based on 
“Molybdenum Blue” method 

* BPs are decomposed to orthophosphates under 
microwave digestion with a strong acid (e.g. HNO3) 

* phosphate ions form under acidic medium intensively 
blue complex with ammonium molybdate which is 
measured at 880 nm wavelength 

* applications: 

* elemental analysis of phosphorus 

* BP quantification from liquids and solubility determination 

* quantification of bounded BP on different types of resins or particles 

* limitation: not for compounds containing already phosphorus  



Mechanism of action 
- somehow behavior resembles commercially available resins 

like Diphonix (these are 10x more expensive)  

- N10O is formed from microcrystals (30 x 50 x 5 mm) 

- there is no need for additional resin 

- inside the crystal there is ion chanels in which metal ions are 
collected  

Ion chanel Pb2+ cation  inside  
ion chanel 



- traditionally metal ions are removed from solution by 
resipitation agent, e.g. EDTA 

- after formation (coagulation) solids are filtered out 

- several problems: 1) resipitation step might be slow,                  
2) good for concetrated solutions – poor in ppm scale,            
3) have to have an idea of amounts of metals in solution,        
4) recycling of complexation agent is almost impossible 

Traditional method 



- in the case of N10O complexation agent is already solid 

- no need for resipitation step - metal ions are moved from 
solutions directly inside microcrystalline bisphosphonate 

- process is rather fast (2-10 minutes) and also small amounts (< 
ppm scale) are removed effectively 

- regeneration of N10O is possible at least 20 times 

Metal dragnet method 



Summary of toxicity 



- complexation is pH and metal dependent:  

- type I (e.g. Al) collection only on a sharp range) 

- type II (e.g. Ag, Ni, Co, Pb,…) collection after a pH value 

- type III (e.g. Ir) collection before a pH value 

Complexation is pH dependent 
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N10O and metal collection 
- collection properties studied for ca. 50 elements 



Element pH Cap. [mg/g] Element pH Cap. [mg/g] 

Ca2+ 4.0 50.9 Mo6+ 9.1 97.2 

Cu2+ 4.0 61.6 Ag+ 2.5 94.6 

Ni2+ 4.0 13.1 Co2+ 4.5 85.5 

Zn2+ 4.0 70.9 Cr3+ 3.5 1.0 

Au3+ 4.0 19.0 Fe2+ 3.0 82.7 

Cd2+ 4.0 74.1 Fe3+ 3.0 15.2 

Pb2+ 4.0 85.6 Sc3+ 2.0 19.1 

N10O capacities 

- typically 2-5 N10O molecules is needed to bind one metal 
atom: Ca 46 %; Cu 35 %; Zn 40 %; Ag 32 %; Fe(II) 54 %; 
Fe(III) 10 %; Cr 1 %, Sc3+ 21 % 

Confidential 



Water purification 
- artesian well from Tampere (DW1) and Turku (DW2) 

Element Al3+ Ca2+ Cu2+ Mg2+ Mn2+ Na+ Sr2+ Zn2+ 

Concentration mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

DW 11) <0.05 43,8 <0.05 10,9 0,095 15,2 0,097 0,044 

 After 1a2) <0.05 0,232 <0.05 <0.1 <0.02 13,5 <0.02 0,018 

Removal [%] nd 99 nd 99 79 11 79 59 

DW 23) 0,107 22,2 0,271 13,60 <0.02 19,0 0,113 0,284 

After 1a2) <0.05 0,479 <0.05 0,102 <0.02 17,3 0,029 0,026 

Removal  [%] 53 98 82 99 nd 9 74 91 



Waste water purification 

- drainage water purification from poluted soil 

Element Al3+ Ba2+ Ca2+ Cd2+ Mg2+ Mn2+ Mo2+ Ni2+ Pb2+ Zn2+ 

TS 1* 76 32 51 nd 81 >57a 58 50 nd 89 

After addition 
of  Cd ja Pb 67 26 48 >96a 78 >51a 52 33 >94a 90 

Element As3/5+ Ca2+ Cd2+ Cr3+ Fe2/3+ Pb2+ Sr2+ Zn2+ Hg1/2+ 

TS 2* 61,72) 75,4 >89a 23,9 22,8 >69a 84,3 76,8 >99a 

-  heavy element removal from Riihimäki sample 

*amount of metal (%) in solid LiMe, spiked metls are marked with red color, a minimum expulsion-% 

*amount of metal (%) in solid LiMe, a minimum expulsion-%  



Remove of Sb and U  
- antimony is common in some gold 

ores  

- challenging to remove by 
traditional methods, especially in 
ppm scale 

- N10O remove cationic Sb but not 
metallic or anionic one 

- in the case UO2
2+, real samples 

from several mines 

- good removal even if samples 
contained a huge excess of other 
metal ions, like Na+, Ca2+, Mg2+, … 
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Company Th U 

Mine T 66,1 96,1 

Mine T* 99,9 100 

Mine K - 100 

Factory X - 99,1 

Mine L - 100 



N10O in 100 m3 scale  
- laboratory tests are made in 100 ml  

- 10-100 l scale experiments with SoFi filtration instrument is 
in progress (Savonia) 

- at the moment ca. 30 kg of N10O is available for tests 

- during the next winter first tests in 1 m3 scale and hopefully 
on spring 2014 in 100 m3 scale 
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