
Baterías de Litio



Porqué Li?



Li 
N.A.                                   3
P.A.                            6,939
Densidad         0,53 g cm-3

Capacidad        3,88 A.h/g
Potencial  -3,05 V vs. ENH

Porqué Li?



Remote Electrification (7.5 GWh market in South 
America) 

Portable Electronics

Electric Vehicles

Why is Lithium strategic for Energy Storage?



Li-ion battery market 2016  87 GWh

PORTABLE ELECTRONICS (1990´s-2010´s)

Mobile Phones
Smart Phones (iphone)
Tablets

Increasing battery capacity (saturated market)

ELECTRIC VEHICLES (Emission Targets)

Hybrid
Plug.-in
Full electric (XEVs)  (Tesla)- Electric Bus 

China

2012     7%  Li-ion batteries
2014   27%             “ 
2016   50%             “
2026   1 TWh (1000 GWh)

Source: Roskill Report
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We observe an accelerated move to low-carbon transport

Volkswagen announces that it will roll out 80 new electric cars across its multi-brand group by 2025, up from a previous goal of 30, 

and wants to offer an electric version of each of its 300 group models by 2030. (12 Sept 2017)

BMW plans 25 all-electric and hybrid vehicles by 2025. (7 Sept 2017)

Honda will offer an electrified version of all of its new models launched in Europe from now on. (12 Sept 2017)

China has announced that it will require all car manufacturers to have EV sales of 12% of total sales by 2020, and is planning to 

ban the sale of internal combustion engine powered cars by date that is to be decided. (June 2017, Sept 2017)

The governments of France and the U.K. will ban sales of diesel and gasoline fueled automobiles by 2040. (July 2017)

Honda, Toyota and Shell have teamed up to introduce more hydrogen refueling stations in California. (13 Sept 2017)

Hyundai has announced plans to rapidly roll out new all-electric models as the giant Korean car maker looks to explore new tech 

in the pursuit of more stable profits. (18 Aug 2017)

Volvo has announced that every Volvo it launches from 2019 will have an electric motor, marking the historic end of cars that only 

have an internal combustion engine (ICE) and placing electrification at the core of its future business. (5 June 2017)



Lithium Batteries for Electric Car                                                  Lithium Battery for a cell phone

450 kg battery 400 V cc. 60/75/90 kW  (156 Wh/kg)               4.9 Wh
7104 cellx x 2,4 V = 17.050 Ah                                                       1.32 mAh
4,453 g Li                                                                                           0.344 g

Tesla S

25,000 cars in the quarter january-march. 2017 500.000 in 2018

With the mass of lithium in 1 car we can store the energy of  17.000 cell phones



GIGAFACTORY TESLA
Electric Avenue. Sparks, NV 89434, EEUU

Tesla plans to manufacture 500.000 electric cars in 2018 (aprox. 2.250 ton of litium)



Baterias de Ion Litio



Las baterias de ion Li+ ion usan varios componentes

Catodo

LiXCoO2

Anode

LiXC6

Soludion de Electrolito: Carbonato de Etileno & Di-Metil Carbonato/ LiPF6

Voltage: 3.7 V,  Densidad de Energia Media: 150 Wh/Kg

Film superficial

En catodo

Film superficial 

en anodo



Mecanismo de Baterías de Li-ion
Sillón Hamaca (rocking chair)







Anodo (-)

Electrode material
Average potential 

difference
Specific capacity Specific energy

LiCoO2 3.7 V 140 mA·h/g 0.518 kW·h/kg

LiMn2O4 4.0 V 100 mA·h/g 0.400 kW·h/kg

LiNiO2 3.5 V 180 mA·h/g 0.630 kW·h/kg

LiFePO4 3.3 V 150 mA·h/g 0.495 kW·h/kg

Li2FePO4F 3.6 V 115 mA·h/g 0.414 kW·h/kg

LiCo1/3Ni1/3Mn1/3O2 3.6 V 160 mA·h/g 0.576 kW·h/kg

Li(LiaNixMnyCoz)O2 4.2 V 220 mA·h/g 0.920 kW·h/kg

Electrode material
Average potential 

difference
Specific capacity Specific energy

Graphite (LiC6) 0.1-0.2 V 372 mA·h/g 0.0372-0.0744 kW·h/kg

Hard Carbon (LiC6) ? V ? mA·h/g ? kW·h/kg

Titanate (Li4Ti5O12) 1-2 V 160 mA·h/g 0.16-0.32 kW·h/kg

Si (Li4.4Si)[28] 0.5-1 V 4212 mA·h/g 2.106-4.212 kW·h/kg

Ge (Li4.4Ge)[29] 0.7-1.2 V 1624 mA·h/g 1.137-1.949 kW·h/kg

Catodo (+)

http://en.wikipedia.org/wiki/Watt-hour
http://en.wikipedia.org/wiki/Watt-hour
http://en.wikipedia.org/wiki/Lithium-ion_battery
http://en.wikipedia.org/wiki/Lithium-ion_battery




Ánodo de Grafito



Primer Ciclo

Li+ + e- + C6 → LiC6

Formación de film 
superficial irreversible



Formacion de un film superficial, SEI



Cátodo de Inserción de ión Li+



Separadores
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theoretical Energy

Density (mAh/ g)

Voltage

Range (V)

Olivine

170  (165 practical)  3.4LiFePO4

170 (150  practical)4.2LiMnPO4

170 (160 practical)4.2LiMn0.8Fe0.2PO4

170   (130-140 practical)4.8LiCoPO4

The LiMPO4 Family: Optimization of Olivine Cathodes  

for Li-ion Batteries

Advantages of olivine cathodes:

• High capacity

• Flat voltage profile

For LiFePO4, LiMnPO4, LiMn0.8Fe0.2PO4:

• Low cost

• Low toxicity

• High rate capability

For LiCoPO4

• High voltage



How to improve performance:

Electronic conductivity:

 Thin carbon coating

 Aliovalent dopants

* HR-TEM 
image of the 
LiFe0.9Mg0.1
PO4/C sample

* Hui Liua, Jingying Xie, Journal of materials processing technology , 2 0 9 ( 2 0 0 9 ) 
477–481.

LiFePO4 LiCoPO4

Li-Ion Diffusion:

 Reduce particle size (nano particles)

 Aliovalent dopants

 Solid solution

LiMn0.8Fe0.2PO4LiMnPO4



Impact of Aging in Solutions: Morphology of C-LiMn0.8Fe0.2PO4 : Highly Stable 
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3 week aged at 60oC

25nm

Pristine C-LiMn0.8Fe0.2PO4
Raman

Mossbauer (Fe)pristine aged



Published by Sandia National Laboratory (USA) 





Baterias de litio-polímero



Las baterias son dispositivos muy complejos:  3 solidos activos (anodo, catodo, 

electrolito) y dos interfaces electrodo-electrolito deben fucionar

simultanemente sin reacciones secundarias.

• En baterias ion litio no hay estabilidad termodinamica

• En el anodo, por debajo de 1 V vs. Li/Li+ la mayoria de los solventes, 

aniones de las sales pueden reducirse en particular en presencia de iones

Li+.

*  En el catodo: Todos los oxidos de metales de transicion litiados son nucelo-

filicos y basicos, pueden reaccionar con solventes electrofilicos.

Ocurren reacciones acido-base con HF y PF5, intercambio de protones con 

iones metalicos y disolucion.

• En los catodos de-litiados podemos encontrar inestabilidad andica de 

solvente y problemas con colectores de corriente.

• Que colector de corriente usamos? La mayoria de los metales se disuelve a 

potenciales anodicos moderados. Los metales preciosos como Au y Pt son 

caros y cataliticos.

• Se eligio Al debido a su pasivacion, pero la pasivacion de Al no es estable

mas alla de ciertos umbrales de potencial entre 4-5 V

DIFICULTADES



SOLID ELECTROLYTE INTERPHASE (SEI)



Interfaz Electrolito Solido (SEI)



Baterias de ion litio comunes y su distribucion de masa

Mass distribution

Ejemplo:
18650 celdas



Positive Active Material (LMO):  

𝐿𝑖𝑀𝑛2𝑂4 → 𝐿𝑖1−𝑥𝑀𝑛2𝑂4 + 𝑥𝐿𝑖+ + 𝑥𝑒  

  Negative Active Material (LTO): 

𝐿𝑖4𝑇𝑖5𝑂12 +  𝑥𝐿𝑖+ + 𝑥𝑒 → 𝐿𝑖4−𝑥𝑇𝑖5𝑂12  

Ecell = 2.5 V

20.000 ciclos de carga y descarga
Vida útil de paneles solares, mas
20 años. 

LITHUM BATTERY FOR SUSTAINABLE ENERGY STORAGE



LTO/LMO battery
Much higher available energy and voltage than Ni-MHO

• Advantages LTO

• High Power,  less impedance than graphite

• Outstanding Safety

• No SEI layer. No lithium dendrites

• Remote risk of thermal runaway

• Stable active materials

• Long Life

• Zero strain material (LTO ~ 0.2 % volume
change) vs. Graphite ~ 9% volume change)

• Low temperature performance 

• More electrolyte choices

• Disadvantages

• Lower Energy Density ‰

• Low Cell Voltage. (1.5V on negative)

• Advantages LMO

• High Voltage 

• High voltage profile to couple with 
lithium titanate

• Low Cost Low LMO (3/4 of LiFePO4, 
1/2 of LiNiCo Oxide, 1/3 of LiCoO2.

• Power Capability 

• Outstanding Safety

• O2 under high temperature.
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Aplicación de Tecnica GITT a una bateria 18650 de Li ion de 2,4 Ah 
descargando a C/10 o sea con pulsos de corriente de 240 mA



Rechargeable Li Air Batery

Carbon Cathode

Lithium Anode

K.M. Abraham, Z. Jiang, J. Electrochemical Soc., 143,1, 1-5, 1996





Fuente: Roskill

Proyección de ventas de automóbiles eléctricos







Representacion esquematica de celdas de:
ion-litio, 
Li-O2 no acuosa,
Li-O2 acuosa,
Li-S





High recharge overpotential and capacity fading upon cycling



Distintas configuraciones de baterias de Li-aire



Ciclos de Carga-Descarga



ESTRUCTURA POROSA DEL CATODO DE CARBON



DESAFIOS TECNOLOGICOS



Desafíos
• Baterías de Li-aire tienen mayor densidad gravimétrica 

de energía que LiCoO2 (130 mAh.g-1).
• Comprender las reacciones electroquímicas de carga-

descarga.
• Desarrollar electrolitos resistentes a la oxidación en 

presencia de O2 y Li2O2.
• Entender la naturaleza de electrocatálisis con la 

formación de productos insolubles (Li2O2).
• Desarrollar nuevas nanoestructuras de cátodos de aire 

para facilitar el transporte de O2 y Li+ .
• Mejorar las condiciones de ánodos de litio metálico 

para ciclos repetidos sin dendritas.
• Desarrollo de membranas permeables a O2  del aire 

filtrando H2O y CO2



Reducción electroquímica

Re oxidación del peróxido






