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Monash University’s lithium-sulfur battery prototype. Image credit: Mahdokht Shaibani 

 

Lithium-ion batteries, of the type we can find in any 

house-hold, have changed the world. But as society 

moves away from fossil fuels, we will need cheaper 

and greener technologies for storing energy to 

support renewable electricity generation and 

electric vehicles. The Lithium-Sulfur (Li-S) battery is 

at the forefront of competing battery technologies 

by offering more energy for a given weight, at a 

lower price and CO2 footprint. The Li-S battery uses 

cheap sulfur as the positive electrode and the ultra-

high-capacity lithium metal as the negative 

electrode.  

Lightweight Li-S batteries have recently made great 

progress, reaching energy output in the range of 400-

450 Watt-hour per kilogram. Such high energy 

output can unlock several application avenues, in 

particular in the aviation industry where lighter 

batteries are key. These may include unmanned 

aerial vehicles, as well as the multi-million-dollar 

industries of drone delivery and agricultural drone 

spraying. For example, agricultural spray drones 

have numerous advantages over traditional tractor 

boom sprays but have been limited in their ability to 

cover large areas, often having a maximum total 

flight time of 15 min before the battery needs to be 

replaced and recharged. Lightweight Li-S batteries 

could potentially boost this industry by increasing 

the flight time. 

 

The high energy Li-S batteries, however, have not 

been able to attract a significant market yet. The 

main challenge to the mass adoption of Li-S battery 

is its short life which is mainly linked to the rapid 

degradation of both electrodes.  
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Lithium-Sulfur battery can store more energy than the commonly-used Li-ion battery. But the high capacity 
of the Sulfur electrode causes it too much stress and it quickly breaks apart, in the same way we might when 
placed under stress. We engineered an open architecture, which gave sulfur particles space to breathe, thus 
stabilized the electrode, taking them closer to mass adoption 
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A person may feel pressure if the demands of their 

job exceed their capabilities, which could lead to a 

drop in productivity or performance. In the same 

manner a battery electrode asked to store a lot of 

energy may be subjected to increased stress. 

 

In an Li-S battery, energy is stored when positively 

charged lithium ions are absorbed by an electrode 

made of sulfur particles that are embedded in a 

carbon matrix and held together with a polymer 

binder. The carbon matrix is a vital component of the 

battery that delivers electrons to the sulfur particles, 

and the polymer glues the sulfur and carbon 

together. Together, they provide electrons a path to 

move across, similar to the way current runs through 

electrical wiring. 

 

The high storage capacity means that the electrode 

swells up to almost double its size when fully 

charged. The cycle of swelling and shrinking as the 

battery charges and discharges leads to a progressive 

loss of cohesion of particles and permanent 

distortion of both the carbon matrix and the polymer 

binder. When they are distorted, the electrons’ paths 

are destroyed and the battery’s performance decays 

very quickly. 

 

The conventional way of producing batteries creates 

a continuous dense network of binder across the 

bulk of the electrode, which doesn’t leave much free 

space for movement. This method works for lithium-

ion batteries, but for Li-S batteries we had to develop 

a new technique. 

 

To make sure our batteries would be easy and cheap 

to manufacture, we used the same material as a 

binder but processed it differently. The result is a 

web-like network of binder that holds particles 

together but also leaves plenty of space for material 

to expand. These expansion-tolerant electrodes can 

efficiently go through multiple cycles of charging and 

discharging, allowing the sulfur particles to live up to 

their full energy storage capacity. 

 

Our results show that expansion-tolerant sulfur 

electrodes provide a powerful tool. However, the 

instability issues of the other electrode, the lithium, 

is yet to be fully resolved by battery scientists. In fact, 

the introduction of this revolutionary energy storage 

technology to the marketplace without significant 

development on the protection of the lithium 

electrode is unlikely. The stabilizing of the lithium 

electrode is absolutely necessary for long-lasting, 

inexpensive, and safe Li-S batteries. 

  

We gave the Sulfur particles some space to cope with 

the stress. To do so, we didn’t introduce any new 

materials and didn’t sacrifice the working capacity; 

We employed a traditionally used binder but 

processed it differently to create an open structure. 

Giving someone space to increase their capability to 

cope without sacrificing their capacity may be as 

simple if we engineer the situation in the same subtle 

fashion. 

 

 
 
 
 

 
 
 
 


