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The major mineral resources geographical locations 

• About 80% of the known world manganese resources are 

located in South Africa; other important manganese deposits 

are in Ukraine, Australia, India, China, Gabon and Brazil. 

• Titanium is the ninth most abundant element in the Earth's 

crust. The most important minerals for mining titanium are 

rutile (TiO2) and ilmenite (FeTiO3). The top producing 

countries of these ores are Australia, South Africa, and 

Canada. 

 

 Corathers, Lisa A. (2009). "Mineral Commodity Summaries 2009: Manganese" (PDF). 
United States Geological Survey. Retrieved  
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Titanium deposit & production 

http://metalpedia.asianmetal.com/metal/titanium/resources&production.shtml 
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Battery technology drivers  

In the automotive industry 

• EV market to grow 14-fold from $10bn in 2014 to $140bn by 2020. 

• The feasible approach to curb air pollution. 

• Falling battery/EV costs due to mass production. 

• Improving product range (e.g., Chevy Bolt, Tesla Model 3). 

• Ongoing expansion on fast-charging infrastructure (Li4Ti5O12-LTO). 

(Berenberg, Feb 2016) 
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Tesla’s New Gigafactory 

• Opens 2017, Reno, Nevada  

• Employ up to 6,500 people and 

pay ~ $ 25/hr.  

• Builds lithium -ion batteries.  

• Cost to build Gigafactory  

– $5 Billion  

–  Nevada pitching in $1+ Billion 

in incentives  

• $100 billion economic benefit 

over 20 years.  

• Factory will help Tesla move 

closer to mass producing $35,000 

car with 200 mile range.  
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Battery technology drivers  

In the utilities technologies 

• Battery storage to grow from ~$0.5bn in 

2015 to a ~$14bn market by 2020 due to 

increasing renewables investment;  

• For residential “battery-plus-solar” 

• The realization of power generation and 

micro-grids instead of the centralised 

distribution model.  

(Berenberg,2016) 
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L-ion batteries  prices 

L-ion batteries to cross $100/kWh in 2018 , 

residential solar + electric battery cost -

competitive with grid electricity by 2020  

Energy storage prices are falling 
rapidly, allowing new combinations 
of solar, wind, and energy storage to 
άƻǳǘŎƻƳǇŜǘŜέ ǘƘŜ Ŏƻǎǘǎ ƻŦ Ŏƻŀƭ ŀƴŘ 
natural gas plants, according to a 
new study. 

Research and development investment for 
energy storage projects have brought the cost 
of a lithium-ion battery down from $10,000 
per kilowatt-hour in the early 1990s to an 
expected $100 per kilowatt-hour in 2018, the 
researchers said. Residential solar and 
electric battery storage could become cost-
competitive with grid electricity by 2020, 
they added. 

Source: http://www.rapidshift.net/l -ion-batteries-to-cross-100kwh-in-2018-residential-solar-electric-battery-
cost-competitive-with-grid-electricity-by-2020/ 



9 

Key African market 

• <20% Africans have access 

to electricity (World Bank) 

• Sub-Saharan Africa (SSA) 



Overview on CSIR activities 

a) Objectives 

Á Technical: To produce high-performance manganese-rich 

electrode materials for  lithium-ion batteries. 

Á Socio-economic: Assist local SA industries via value-addition to 

mineral beneficiation (notably, EMD and manganese salts) and job 

creation. 

 

b) SA’s competitive advantages 

Á Access to key raw materials, e.g., EMD, Titanium, fluorine 

Á Access to key African market, especially sub-Saharan Africa: 

Á Unique IP that reduces costs: CSIR patent-filed. 

 

c) Expected time to market 

Á Possibly by 2025 
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LIB Value Chain 

The position of the CSIR in the value chain is a semi-manufacturer, which 

will allow for the supply of the products to firms engaged in cell assembly, 

battery module and packs integration, as well the end-user vehicle manufacturers.  
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Partnership (local & International) & Roles 

a) Academic 

Á UWC, NMU, Wits and UP are involved in the training of our 

students and characterisation of materials 

 

Á Overseas universities (e.g., NUS Singapore and VUB, Belgium) 

are/will be involved in the characterisation of the materials. 

 
b) Industrial 

Á TIA is funding the process optimisation and scale-up to 1 kg 

batches of the CSIR patent-filed synthesis of LMNO. 

 

Á Bushveld Manganese (Pty) Ltd is supplying aqueous manganese 

nitrate for the LMNO scale-up 
 



13 

Cathode demand 
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CSIR EET technologies 

Targets  

• Electric vehicles  

• Stationary / utility  

• Lithium & Sodium ion 

batteries  

• Electrochemical capacitors  

Electrochemical Energy Technologies (EET)  

Pouches lighting LED 
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State of present day activities 

Chemistries: 
LMO, LMNO, LMNC, LFP, LTO, SIB, ZIB, Supercapacitors 

• Doping  
o Structural stabilisation, enhanced electrochemistry 

• Nano-sizing 
o Enhanced mass transport properties 

• Surface-coating 
o Structural stabilisation, enhanced electrochemistry 

• Microwave irradiation 
o Control manganese valence state  

o Structural stabilization 

 

 



Technology Development Pathways  

Coin/button Cell Powder ~ 10 g Lab-scale Reaction 

Electrochemical 

testing and 

device 

demonstration 

26 

Powder ~ 1 – 10 kg 
Pouch cells and battery 

 packs  (UWC) 
Bench scale reactor 



Cell assembly 

Coin cells ready for 

electrochemistry testing 

Individual parts of a coin cell: 

A – negative electrode cap 

B – positive electrode cap 

C – separator 

D – Spacer 

E – spring 

F – Coated electrodes 
 

F 

Coin cell assembly in 

glove box 
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Lithium ion battery (LIB) 

At the anode:  

6C + xLi
+
 + xe

-
 źLi

x
C

6
   

 

At the cathode:  

LiCoO
2
 źLi

1-x
CoO

2
 + xLi

+
+ xe

-
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Three Types of Cathode Materials 
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LMO structure, challenges & strategies 

Research Challenges for LiMn
2
O

4 
spinel   

V Jahn -Teller distortion in the 3V region, 

which is due to the generation of new 

phases during cycling   

V Disproportion reaction in the 4 V.  

 

2Mn
3+ 

(S) Ÿ Mn
4+

 (S) + Mn
2+ 

(solution)   

 

Ç Doping  

VStructural stabilisation , enhanced electrochemistry  

Ç Nano -sizing  

VEnhanced mass transport properties  

Ç Surface -coating  

VStructural stabilisation , enhanced electrochemistry  

Ç Microwave irradiation  

V Control manganese valence state  

VStructural stabilization  
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- The nanorods  quantity and 

distribution increases with 

time.  

6 h 

12 h 72 h 

EMD 

Development of LiMn2O4  cathode material from  South African 

raw material for lithium ion batteries 

 

LMO nanorods 
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Cyclic performance 

• LMO-1 and LMO -2 retain 88% 

and 95% of their 1
st

 

discharge capacity after 100 

cycles.  



LiMn2O4 cathode for lithium ion battery 

Lithium manganese oxide     Batch number LMO582 

LiMn2O4 Molecular weight 180.81 

Particle size distribution D10 (um) 28.9 

D50 (um) 49.8 

D90 (um) 81.2 

Tap Density (g/cm2) 2.22 

Specific Capacity (mAh/g) 105-110 
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Figure 1 XRD of LMO Figure 2 SEM of LMO 

  

Figure 3 Charge/discharge curves at 0.1C (3.5-4.3V)  Figure 4 Cycling performance  

 

Active material:Carbon black:PVDF = 8:1:1 
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Figure 5 full battery performance 

Development of LiMn2O4 from South African raw material (EMD) 
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LIB & SIB characterisation and testing 

(a) 

Kumar Raju,a Funeka P. Nkosi et al, Phys.Chem.Chem.Phys., 2016, 18, 13074 
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In-house synthesized TiO2 nanotubes 

Fig. A set-up of stirring hydrothermal 

for the growth of TiO2 Nanotubes 

• Nanotubular TiO2 by an alkaline hydrothermal reaction of TiO2 particles.  

• Formation of TiO2 nanotube or nanowire occurs by the heat treatment (annealing) of 

layered hydrogen titanate or protonated polytitanate (H2TinO2n+1·xH2O) previously 

ion-exchanged by HCl washing from sodium hydrogen titanate 

(NayH2īyTinO2n+1·xH2O).  

• It should also be noted that the shapes and electrochemical properties of nanotubular 

TiO2 strongly depend on the synthesis conditions, primarily the NaOH concentration 

and the annealing temperature.  
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Electrochemical analysis of TiO2 nanotubes 
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Summary 

• The transition metals Mn and Ti are very useful for 

electrochemical energy storage applications 

• these minerals availability in South Africa is a 

benefit. 

• At CSIR both elements are being used for cathode 

and anode materials for lithium ion battery 

• The trend to industrial size manufacturing is very 

important. 
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