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Current estimates for the world wide peak production, not only for oil, but 

also for natural gas, and less traditional hydrocarbon sources range from the 

pessimistic (ASPO, 2007, on the left) to the less pessimistic (Edwards, 2001, 

on the right). The bottom lines show that conventional oil and natural gas will 

probably peak sometime between 2010 and 2040.  

Peak Oil 
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Metal Depletion and Metal Peak! 

World Copper Extraction  

Limits to metal extraction are not 

limits of availability.   

The easily accessed ores are 

exploited first, then mining 

operations move to lower quality 

ores and finally to disperse 

sources (earth’s crust, oceans!), 

which require much more energy. 

 

Limits are mainly limits of 

energy! 

 



Metal from Earth’s Crust 

Copper is present at 

very small 

concentration, about 25 

ppm, in the upper crust. 

To produce 1Kg of 

copper from 

undifferentiated crust, it 

is necessary to process 

40 tons of rock, 

corresponding at 400 

gigajoules of energy!  
Earth’s Crust 

1Kg 

50 MJ of energy 

400 GJ of energy 

It is necessary an energy increase by a factor 10000!!! 

Cu 25% 

4 Kg of copper ores 

Cu 25 ppm 

40 tons of rock 

Today, copper production is around 15 million tons/year!  



Mineral Depletion 
One can make a good argument that there are two kinds of minerals depletions: 

When fossil fuels become depleted there will not be sufficient energy to extract 

all the minerals that could have been extracted with unlimited fossil fuels. 

Some minerals will become depleted before fossil fuels are depleted. 

Depletion rates of various non-

renewable resources: the graph 

shows the number of years of supply 

that remain, on consuming at today’s 

rates and if an efficient energy source 

is always available 



Metal Mining and Processing and Environmental Impact 

Today procedures have often dramatic effects 

on soil, air and water and …humans!!! 

For example, mercury and cyanides are largely 

used for gold extraction ….. 



China blocked exports of 
rare earth metals to Japan, 
traders claim 
 
China blocked exports of rare earth 
metals to Japan days before Tokyo's 
decision on Friday to free a Chinese 
boat captain whose detention 
sparked the worst diplomatic row 
between the sides in years, traders 
said. 
 
 

China mines over 95% of the world’s rare earth 

minerals and is looking to hoard its resources.  

The Telegraph 24 Sep 2010 



Preliminary Information of Laboratorial Tantalum 
Recovery and Considerations for a Potential  Solution for 
Conflict Mineral and Wildlife Conservation  
 

Environment and Natural Resources Research; Vol. 4, No. 1; 2014  

 

Doral, Florida-based Tantalum Recycling, a 

recycling company dedicated to reclaiming 

and recycling capacitor-grade tantalum 

material for reuse by capacitor 

manufacturers, has announced that it has 

added more than $1 million in chemical 

processing improvements. Coltan Extraction 

http://tantalumrecycling.com/
http://tantalumrecycling.com/
http://tantalumrecycling.com/


REEs are a set of 17 elements in the periodic table, which despite 
their name, are almost all relatively plentiful in the Earth's crust, 
with Cerium being approximately as abundant as copper at 68 
parts per million. However, these elements are highly dispersed 
and the rarity is finding them in concentrated mineral form 
known as a rare earth mineral. 
 
 

Metal Recovery 

Recovery of metals from low grade ores, 
landfills products or complex matrices 
represents today an important challenge 

 
Recycling of metal ions is important since 
decontamination of industrial water streams is 
necessary for the health of people, to provide a good 
quality of life and to preserve the environment 
 



Concentrates Metals, 

materials, alloys 
Products 

End-of-Life 

Products Landfills 

Residues/Scrap 

Primary 

Ores 

Residues/recycles 

Direct Recycling 



Metal extraction and water remediation 
from industrial wastes and effluents 

Liquid–liquid extraction is one of the most 

important techniques employed 

for metal ion separation.  

 

The easy scalability, the  possibility to 

operate in continuous mode, using relatively 

simple equipment and employing only small 

amounts of the reagents are surely some of 

the advantages.  

 

However, the classical liquid–liquid 

extraction present several drawbacks arising 

by the use of flammable, volatile or toxic 

water-immiscible solvents and often eco-

unfriendly additives. 



IONIC LIQUIDS: Structure and Properties 

They have: 

1. Negligible vapor pressure  

2. High thermal & chemical  
stability 

3. Unique solvent properties 

4. Large electrochemical 
window 

5. High conductivity 

Organic salts, liquid at room 
temperature, useful as environmentally 
friend solvents and catalysts 
 



IONIC LIQUIDS: Applications 

Solvents 
and/or 
catalysts 

Electrolytes in 
batteries, metal 
plating, fuel cells… Dispersing agents, 

coating, lubricants 

Nanotech, drug 
delivery, biomass 
processing 

Gas 
separation 



…..these structures should not be thought 
of as fixed and persistent, but rather more 
as fleeting and constantly changing………. 

Bulk structure 



FUNCTIONALIZED IONIC LIQUIDS 

Y = COOH 

       SO3H 

       OR 

       NH2 

       NRR' 

       SR 

       COOR 

       CN 

       CH=CH2 

       CONHR 

       ........ 

J. Org. Chem. 2014, 6120-6139 



The number of ILs has been evaluated higher than 1018 

1.000.000.000.000.000.000 



IONIC LIQUID and METAL SALTS 

Metal salts Ionic Liquid 

GREEN CHEM, 2009, 12, 77-80   



IONIC LIQUIDS: Metal Extraction 

Hydrophobic ILs 

Functionalized ILs: metal dissolution through cation coordination  



 

 Metal dissolution through anion coordination  

 

 

 

Neutral species   
Charged aggregates 

Al(Cl)4
- AlCl3 

[cation]Cl 

Other anions: RCO2
-, NO3

-, SCN-,  



Ni(Tf2N)2 

[cation][Tf2N] 

Ni(Tf2N)3
- 

J. Phys. Chem. A, 2015, 119, 5078–5087 

This process occurs also with low coordinating anions 



Recovery and extraction of metals from water  

Hydrophobic ILs must be used 

Metal Extraction can occur through 

different mechanisms: 

 

 

Cation exchange: 

 

 

 

 

 

Metal transfer: 

IL 

Water 

Metal + HCl (8M) 

Binnemans et al. Green Chem., 2012,14, 1657-1665 



Recovery and extraction of metals from water  

RSC Adv., 2014, 4, 38848-38854 

 

Fig. 1 Effect of IL anion on extraction percentage (E%) of metals 

cations from aqueous solutions (procedure 1 and 3) using [P888(gly)]+ 

based ILs. 

Fig. 2 Effect of IL anion on extraction percentage (E%) of metals 

cations from aqueous solutions using [P888(4-VB)]+ based ILs. 



Coordination by Cl- and extraction 

Split anion and extraction 



Metal stripping and recovery of ionic liquid  

Extracted with 

water solutions 

of complexing 

agents (EDTA) 

Recoved after 

transformation in 

insoluble salts 

(oxalates) 

Metal salts in ILs can be… 

Recovered through 

Electrodeposition ! 

ILs properties of ionic liquids (such as wide 

electrochemical window, low vapor 

pressure and satisfactory ionic 

conductivity) allow electrolysis for the 

recovery of active/light metals, rare earth 

metals and silicon 

IL 

IL 



 The main challenges for the chemist of the future (post oil era) 
probably will be not the synthesis of sophisticated chemicals, but 
the low-cost transformation of large amounts (high-volume and 
mass) of  “complex” materials (structurally complex compounds or 
complex mixtures of chemicals) in simple and pure compounds. 

  
 Owing to their peculiarities, ILs can play an important role. 
However, at current stage of research it should be necessary to 
work not only on the fundamental properties  of ILs but also on the 
related technologies. 

   
 Probably, ad hoc technologies and plant must be developed 
because the margins of success are quite tiny. 

  

Conclusions 
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