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Conventional cathode chemistries
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Benefits:
Enables higher specific 
energy (more Li+ per kg).
Utilizes a distribution of 
Li-TM channels.
Can rely on more earth 
abundant TMs (NOT 
limited to Ni and/or Co).

Issues:
x Short range ordering 

(SRO) can block Li 
transport.

x Low electronic 
conductivity.

x Complex morphology 
requires higher carbon 
content in cathode.
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• Solid-state synthesis yields Li1.1Mn0.8Ti0.1O1.9F0.1 DRX (LMTF1811)
• Quench rate affects DRX phase purity when sintering to 1000°C
• 1100°C yields highest phase-pure DRX with insignificant quench rate effect

Electrochemical Performance

• 80/10/10 (by wt.%) DRX – graphite – PVDF cathode
• 1.2M LiPF6 in 3:7 EC/EMC electrolyte & Li foil anode
• ~ 200 mAh g-1 reversible capacity
• ~ 92% capacity retention after 100 cycles

Conclusions
• 2-step synthesis successfully 

produces phase-pure LMTF1811 DRX.
• Combustion precursor yields ideal 

particle morphology for cathodes 
(nanocrystalline aggregates).

• Solid-state reaction produces high 
DRX phase purity at 1100°C, but large 
DRX particles have complex, non-
ideal morphology.

• Synthesized DRX shows promising 
reversible capacity and retention 
with long-term cycling.

• Rapid anneal and quench for solid-
state synthesis.

• Add Li and produce DRX directly from 
the combustion synthesis.

• Adjust combustion fuel ratio to 
produce ideal nanocrystalline 
agglomerates.

Next Steps

The need for Ni/Co-free Li-ion cathodes

• Current Nickel and Cobalt supply chains 
insecure & dominated by foreign interests.

• More Cobalt needed to meet 2050 demand 
than currently exists on Earth.

Nickel Production

Cobalt Production

71% of global Cobalt 
production comes 

from the DRC

50% of global Nickel 
production comes 

from Indonesia

Synthesis Method Part II: Solid-State Synthesis of DRX

EHT: 15.00kV 
Mag: 2 KX
5 µm

10 µm

Mixed Precursors

1000°C

LiFePO4
𝑷𝒏𝒎𝒂

Motivation 

• Conventional DRX synthesis relies on high energy ball milling 
and long reactions at high temperature (up to 12h at 1000°C) 

• Yields high phase purity but offers no morphology control.
• Unable to effectively fluorine substitute oxygen sites.
• Higher Mn concentrations more difficult to synthesize due to 

energy required to produce Mn-F bonds.
• Is difficult to scale for commercial application.

Alternative synthesis methods needed!
Combustion synthesis offers alternative that is 

compositionally precise, can control morphology, 
and is very scalable.
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Synthesis Method Part I: Combustion Synthesis of Mn/Ti Oxide Precursor
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Mn0.8Ti0.1O1.4 (MTO814)
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MTO814 X-ray Diffraction
a = 9.3941(8) Å
b = 9.4096(12) Å
c = 9.4270(7) Å
Crystallite size ≈ 30.62nm (IB)
                 ≈ 41.35nm (FWHM)
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