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nounviae Chemistry in the cycle of production,
transport and consumtion of energy




Renewable resources in relation to world
energy consumption
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Renewable sources> Clean alternative

Energy +

Storage
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Energy storage is critical for the use of renewable energies for
electronic devices and electric vehicles (EV y HEV)

1.2 KW, 7.2 MWh Distributed Energy Storage System in Chemical Station. North Charlaston
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Li-ion batteries:

US in 1900
1500 electric cars compared
with 1000 ICE cars
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Chemistry of Materials for Energy Storage with low Environment Impact

14 Terawatts world energy consumption

34% Petrolelum and 40% CO, emissions
Gasoline 13.000 Wh/kg (1700 Wh/kg)

a) Hybrid Electric Vehicles (HEV) Capacity 125 kWh for 250 Wh/miles
b) Plugged Electric Vehicles 500 miles/800 kilometers

c) Electric Vehicles (EV) . .
2Li+0, = Li,0, 11.680 Wh/kg
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Mechanism of Lithium-ion Batteries

rocking chair
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Calector Graphite Organic Solvent Lithium
(Intercalation plus Metal Oxide
Layer) Supporting (ex. LiCoOn)
Electrolyte
(ex. LIiBF4/PC)
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OBIJECTIVE FOR ELECTRIC VEHICLES

|
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Battery pack weight (kg)

Figure 1. Driving range and battery weight for different cell-level specific
energy values. It is assumed the battery cells weigh 70% of the battery pack,
the Li/air cell has an 83% energy efficiency, the Li-on cells have a 93% energy
efficiency, and 300 Wh/mile are required from the battery. The range is given
at the beginning of a battery’s life and assumes 100% of the capacity can be
used; in practice not all the energy can be used, and the available energy falls
with increasing battery age. The US Department of Energy has a goal for an
EV battery of 200 kg.17®

A Critical Review of Li/Air Batteries
J. Christensen, P. Albertus, R.S. Sanchez-Carrera, T. Lohmann, B. Kozinsky, R. Liedtke, J. Ahmed, A.
Kojica, Journal of The Electrochemical Society, 159 (2) R1-R30 (2012)



Lithium Air Rechargeable Batery

Lithium Metal

Anode
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2L+ Gg - Ligﬂg

2Li+(1/2)05 — LizO
Anode

Li<LiT+4e”

Cathode

2(Lit + e ) + O, == Li, O,(solid)
4Lt +e7 )+ 0, = 2Li,O Uy =291V

Li, O, +2(Li" +e7) — 2Li,O Uy = 272V



WORLD MAP OF LITHIUM RESOURCES
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- SALT LAKES AT PUNA NORTH WEST ARGENTINA -
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Lithium Recovery
from Salt lakes brines
with low environment
impact




LITHIUM CAPTURE FROM BRINE

Li* +Mn’O, +ed i LiMn"' Mn"O,
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A CHLORIDE CAPTURE
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LiMn,O, CRYSTALS ON CARBON FELT FIBERS
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Current (mA)

-10 -
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Electrode Charge-Discharge transients.
Carbon felt embedded with LiMn O, in 50 mM KNO, vs Ag/AgCl

step 2
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step 2

Step 1: 0 V (150s)
Step 2: 1,3V (150 s)

' | |
0 100 200

|
300
Time (s)

| | |
400 500 600



Press Filter Cell type FMO1
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E(V)
vs Ag/AgCl, KCI 3M
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ENERGY COST

200 Kwh/ton of Li
Solar Panels 2000 Sus/ kW
50 kW - 200 kWh/day — 1 Ton Li/day

Inversion 100.000 Sus — 800 m2 - 30 years
life - 11.000 Ton

e 10 Sus/ton!!



Advantages of Method

Clean,no consumtion of water, Ca(OH),,
Na,CO;

Low energy cost (200 kWh/ton).

Fast (hours vs. months evaporation)
Selective (Na* or Mg?* interferences)

Produces battery grade LiCl in a single step.






CONCLUSIONS

* Chemistry plays a key role in materials, energy and environment. But we need
sustainable chemistry friendly with our environment.

* We need to develop chemistry to extract minerals with minimun
environmental impact.

* In a post petroleum economy we need clean chemistry to produce fuels and
feedstock (chemicals for farmaceuticals, fertilizers, polymers, etc.).

e Sun — Electricity — Fuels

* We need to develop stable catalysts and mass production from earth
abundant resources

*Training young scientists and engineers is key to the future success. Human
Resources.

* Promote international cooperation.
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