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1. Introduction 
From a chemical standpoint one battery chemistry, lithium-sulfur, appears to be perfect, 
except for several major issues that made it totally non-viable in the past, like: 

 Sulfur has very low electrical conductivity, making it very inefficient for the 
cathode 

 Physical expansion of the cathode as sulfur atoms become Li2S molecules create 
physical support problems 

 As the cell cycles, some amount of Lithium and Sulfur are lost to polysulfide 
molecules that fail to complete the conversion, eventually causing the battery to 
fail. This causes lithium-sulfur batteries to die after maybe 100 charging cycles. 

Now a Silicon Valley Company has claimed to fix all three of these problems, by 
designing a completely new cathode material, and they hope to begin limited production 
of these batteries by the end of the this year (2021). 

This post is about this battery, how it as the potential to be a game-changer for a number 
of industries, and how this development may be different than every other “battery of the 
future.” 

2. The Lyten Lithium Sulfur Battery 
To get your attention, we will start with why this battery is so remarkable. In today's 
electric vehicle batteries, these cathode materials (typically nickel/manganese/cobalt-
oxide molecules) can only host 0.5 to 0.7 lithium ions each, whereas a single sulfur atom 
can host two lithium ions. Eureka—gravimetric densities jump from between 150 and 
260 Wh/kg to 500 or more. Suddenly you'll get triple the range or one-third the battery 
weight.1 

I can hear you saying “yes, that’s great, but how did Lyten fix the problems presented in 
the Intro?  

I gave you a clue that they developed a whole new material for the cathode. Now I will 
give you another. If you go to the Lyten home page2, the first text on that page is: “Lyten 
is an advanced materials company that developed Lyten 3D Graphene®, a patented 
library of materials that has enabled breakthroughs in energy storage, composite 
systems, and chemical & passive sensors. Lyten’s pristine three-dimensional graphene 
materials greatly improve characteristics of other materials and when formulated into our 
advanced battery chemistry, unlocks the true potential of Li-S energy storage through 
Sulfur-Caging™. Lyten Batteries for electric vehicles deliver higher energy density for 
extended driving range, faster charging, greatly improved safety, and the lowest carbon 
footprint of any battery… 

                                                 
1 Frank Markus, Motor Trend, “Lyten Promises Big Things for EVs From Its Lithium-Sulfur Battery,” Oct 

21, 2021, https://www.motortrend.com/features/lyten-lithium-sulfur-battery/  
2 https://lyten.com/  

https://www.motortrend.com/features/lyten-lithium-sulfur-battery/
https://lyten.com/
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Along with its advantages, Li-S batteries have presented developers with a major 
challenge, known as “polysulfide shuttle,” which has typically limited the life of Li-S 
batteries to under 100 cycles. While the simplified chemical conversion during discharge 
is 16 Li + 8 S -> 8 Li2S, the actual conversion is more complex, and it includes 
intermediate conversions to various polysulfides (Li2S8, Li2S6, etc.). As the cell cycles, 
some amount of Lithium and Sulfur are lost to polysulfide molecules that fail to complete 
the conversion, eventually causing the battery to fail... 3 

We developed Lyten 3D Graphene®, a novel form of graphene with an innate, 3-
dimensional morphology.  This morphology allows us to “cage” sulfur within highly 
reactive orthogonal graphene layers, which are far more effective in driving full 
conversions to Li2S (discharge) and S8 (charge) within the cathode. This approach 
mitigates the polysulfide shuttle effect. In addition, Lyten employs an engineered coating 
on the Lithium metal anode, to mitigate the formation of dendrites – another common 
source of Li-S cell failure… 

And then there was the bit about starting production this year. If you scroll down the 
Lyten home page, you will find a bunch of text snippets. One of them says: “Li-S 
Manufacturing Pilot Line: Lyten’s 3D Graphene and Lithium-Sulfur Cell Pilot Line, 
located in San Jose, CA, will come online in December 2021. The Pilot Line will have the 
ability to produce over a quarter of a million cells per year in support of customer 
qualification. The Pilot Line will be tooled to produce pouch, prismatic, and cylindrical 
cells in numerous sizes.2 

Regarding the above paragraph’s last sentence, 
see the picture to the right (also from Lyten’s 
home page). 

Other snippets on the home page included: 

Safety: LytCell EV™ batteries will be safer in 
vehicles because unlike Li-Ion batteries, lithium-
sulfur batteries do not experience thermal 
runaway reactions, nor do they combust when 
punctured, crushed, or overcharged. 

Cobalt & Nickel Free: Unlike Li-Ion, Lyten’s Li-S batteries do not use Nickel, 
Manganese, or Cobalt. Lyten does not source from conflict-based countries or mines 
that produce hazardous or toxic waste. 

USMCA Supply Chain: Lithium-Sulfur technology enables North American-based 
sourcing and manufacturing. Lyten Li-S cell are produced from readily available 
materials. The distance traveled by Lyten’s supply chain is <1,000 miles compared with 
29,000 miles for standard NMC 811 Li-ion battery supply chains. 

Author’s Comment: USMCA is “United States-Mexico-Canada Agreement.” The 
USMCA replaced the North American Free Trade Agreement (NAFTA). The USMCA 
took effect on July 1, 2020. 

                                                 
3 George Liddle,  Lyten, “What is a Lithium Sulfur Battery?,” July 26, 2021, https://lyten.com/what-is-a-

lithium-sulfur-battery/  

https://lyten.com/author/george/
https://lyten.com/what-is-a-lithium-sulfur-battery/
https://lyten.com/what-is-a-lithium-sulfur-battery/
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Strong IP Position: Having engineered 3-Dimensional Graphene, Lyten has 
established itself as the global leader in 3D Graphene and Li-S Cell Intellectual Property, 
with over 250 patents granted and pending.  The patents span from fundamental 
material patents to application patents including 3D Graphene for use in Li-S cells, light-
weighting of Composites, Wireless and Self-Powered Sensors, and more than 30 other 
applications. 

Charge Rate: Lyten batteries are ideal for electric vehicles because they have the ability 
to charge rapidly, demonstrated by 3C charge rates (20 minutes). 

Author’s comment: The “C” in 3C is for capacity. In other words it can charge at a rate 
sufficient to achieve full capacity (from fully discharged) in 1/3 of an hour. “C” notation is 
also used in discharge rates. 

Operating Range: Lyten Li-S batteries deliver reliable power across a broad operating 
range between -30°C to +60°C. Unlike solid state, Lyten batteries require no external 
pressure to perform. 

Depth of Discharge (DOD): Lyten batteries for electric vehicles and other applications 
can handle vigorous charge and discharge protocols, including 100% DOD. 

3. Lyten – More information 
It seemed to your author that Lyten appeared out of nowhere. You would think I would 
know about the, since I try to track new battery development and they are in San Jose, a 
few miles from where I worked for over 15-years (my old building is now occupied by 
QuantumScape, another battery developer4). There is a reason their Li-S battery 
development hasn’t been more-exposed, much of the development of the underlying 
technology (3D Graphene®) has been heavily funded by federal government contracts 
(think DOD).  

Lyten executives are in discussion with five global automakers, primarily U.S. and 
European-based. At press time, there were no signed contracts. “When we get to 
production for an electric vehicle application, it won’t be with our first-generation battery 
technology.” Targeted start of production… is 2025-2026.5 

3.1. History 
Lyten is an advanced materials company that developed 3D Graphene…  Founded in 
2015, Lyten is a privately held company based in San Jose, California.6 

3D Graphene® was developed by Dan Cook, co-founder and CEO.  

They received their first government contract in 2016 and developed the first Li-S battery 
in 2017. 

                                                 
4 See Section 4 in “New Battery Technology, Posted in March of this year, 

https://energycentral.com/c/ec/new-battery-technology  
5 Kami Buchholz, SAE International (Society of Automotive Engineers), “3D graphene boosts new 

batteries beyond lithium-ion,” Oct 21, 2021, https://www.sae.org/news/2021/10/3d-graphene-boosts-new-

batteries-beyond-lithium-ion  
6 Lyten, “The Lyten Journey Began with the Development of Lyten 3d Graphene®,” 

https://lyten.com/company/about-us/  

https://energycentral.com/c/ec/new-battery-technology
https://www.sae.org/news/2021/10/3d-graphene-boosts-new-batteries-beyond-lithium-ion
https://www.sae.org/news/2021/10/3d-graphene-boosts-new-batteries-beyond-lithium-ion
https://lyten.com/company/about-us/
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Lyten also manufactures sensors using 3D Graphene® Technology, and delivered their 
first sensors in 2019. 

In 2020 Lyten developed their first multilayered pouch battery and received a second 
government contract.  

This year they received their first commercial composites contract, their third and fourth 
government contract, developed the world’s first 18650 Lithium-Sulfur battery, and came 
out of the stealth mode (the latter on Sep 22). 

3.2. Future Possibilities and Potential Issues 
From the first paragraph in section 2, “Suddenly you'll get triple the range or one-third 
the battery weight.” Of course this is makes it really great for electric cars and trucks. 
However, it will be a real game-changer for transportation modes requiring more energy 
and less weight, like electric air-transport (probably one reason DOD is on-board). 

3.2.1. Future Li-S Applications 

The specific applications Lyten has identified include: 

Our battery technology may be tuned for any application in any market.7 

 Automotive EV 

 VTOL Vehicles 

 Aeronautics 

 Aerospace 

 Transportation 

 Government/Military 

The basic ability offered by a cathode using 3-Dimensional Graphene structures is an 
ability to cage a compound that could potentially be degraded by cross-contamination. 
Although, given this fix, sulfur is a really good candidate because it plentiful, inexpensive 
and performs much better than existing cathode compounds, it is highly probable other 
compounds will be found with better performance for specific applications. If these also 
have potential cross-contamination modes, caging could be a solution. 

The most common current Li-Ion cathode compounds include LFP (LiFePO4 or Lithium 
Iron Phosphate), NMC (LiNiXMnYCoZO2 or Lithium Nickel Manganese Cobalt Oxide) and 
NCA (LiNiXCoYAlZO2 or Lithium Nickel Cobalt Aluminum Oxide), and these are all used 
by Tesla in various EV and battery energy storage system (BESS) products. Of these, 
the LFP battery is the least expensive and the most widely used, but also has the lowest 
performance (gravimetric density). 

3.2.2. Potential Li-S Problems 

The only potential problems I currently see are listed below:  

                                                 
7 Lyten, “Introducing... Lytcell™ Lithium-Sulfur Batteries,” https://lyten.com/products/batteries/  

https://lyten.com/products/batteries/
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Too expensive: I could not find any information on the potential cost of Li-S batteries. 
Certainly the two active ingredients are inexpensive and plentiful, but what about the 3D 
Graphene®? Also how difficult / expensive is the manufacturing process, and what is its 
yield? It is good that Lyten will open a Li-S Manufacturing Pilot Line shortly, this should 
start to answer these questions. 

Reliability: The Li-S batteries have apparently demonstrated acceptable cycle life: 

Under Department of Defense testing protocols, the LytCel prototype design has 
demonstrated more than 1,400 cycles according to Lyten. 8 

In comparison existing Li-Ion designs have the following cycle life: 

LFP: 2,000 to 3,000 cycles9 

NMC: <1,000 cycles 

NCA: Around 500 cycles 

Li-Ion batteries were charged and discharged at 0.5C (2 hours) See the above reference 
for details on the testing. See comments on C charge/discharge rate on page 3 of this 
post. 

Also do the Li-S batteries exhibit any strengths or weaknesses during various cycles? 
Note that a couple of strengths were claimed on the Lyten home page, and repeated on 
page 3 of this paper. 

Hopefully, some certified test results for pilot production units will answer reliability 
questions. 

Recent Failure: As promising as Lyten’s announcement sounds – that a commercial 
breakthrough of Li-S battery technology is difficult to achieve is shown, among others, by 
the case of Oxis Energy. The British company was considered one of the most ambitious 
developers of the new technology and was aiming for series production of Li-S battery 
cells by 2023. In May, however, it became public that the battery specialist had to file for 
insolvency because it could not raise “the investments necessary for the continuation of 
its product development”. Oxis is now being wound up and the patents auctioned off.8 

Regarding the above, it should be noted that Dan Cook, Lyten’s co-founder and CEO, 
has deep roots in private equity and capital management, including 5 years with 
Cerberus Capital Management, one of the world’s largest capital management and 
private equity firms. Other founders have private equity links and deep Silicon Valley and 
Bay Area major university links. 

3.2.3. Other Products 

Lyten has identified the following potential products beyond the Li-S Battery 

Structural Products: Lyten designs and engineers patented Lyten 3D Graphene® for 
various composite applications. Composite system improvements enabled by Lyten 3D 

                                                 
8 Electrive.com, “Lyten to launch Li-S battery for 2025/26,” Sep 28, 2021, 

https://www.electrive.com/2021/09/28/lyten-to-launch-li-s-battery-for-2025-26/  
9 Vladimir Karimov, One Charge, “New Tests Prove: LFP Lithium Batteries Live Longer than NMC,” 

March 30, 2021, https://www.onecharge.biz/blog/lfp-lithium-batteries-live-longer-than-nmc/  

https://www.electrive.com/2021/09/28/lyten-to-launch-li-s-battery-for-2025-26/
https://www.onecharge.biz/blog/lfp-lithium-batteries-live-longer-than-nmc/


 

6  

 

Graphene include increased strength and stiffness, decreased weight, as well as 
improved thermal and electrical properties. Lyten multifunctional composites are 
designed to deliver the optimal combination of these attributes for various polymer and 
metallic alloy systems.10 

In the energy industry the specific application that might initially be a candidate for these 
new materials are blades for truly huge wind turbines. Also the structure for EVs could 
be candidates, especially those that fly. As material costs come down, there could be 
many other applications. 

Sensors: Sensing arrays simultaneously monitor multiple inputs such as wear, traction, 
torsion, or chemical off-gases in Li-ion battery packs or hazardous gases in workplace 
environments…11 

3D Graphene-based sensors produce a high-fidelity signal to noise ratio and can be 
tuned to respond to multiple inputs simultaneously enabling real-time and predictive 
outcomes… 

Lyten sensors operate in the microwatts range making them ideally suited for electric 
and autonomous vehicles to adhere to tight power budgets. The use of roll-to-roll 
manufacturing technologies make Lyten sensors cost effective at scale.   

There seem to be several potential applications in the energy industry suggested in the 
above three paragraphs. These might include: 

 Small, low-cost drones capable of sensing methane, other hazardous chemicals 
(like PCBs) and various refinery emissions 

 Above drones, but capable of first response to potential wildfire ignition to sense 
vegetation ignition products plus potentially ozone from arcing apparatus 

 In-battery monitoring for EVs and BESS, predicting imminent failure in real-time. 

 Very low-cost sensors + low power short range communication (like Zigbee) 
incorporated into electric apparatus to sense misoperation or imminent failure. 

 Generation flue gases 

One final comment, in researching Lyten, I found earlier versions of this name was 
LytEn, so this might be an abbreviation for “light (as in low-weight) energy.” 

                                                 
10 Lyten, 3D Graphene Composite Systems, https://lyten.com/products/composites/  
11 Lyten, 3D Graphene-Based Sensors, https://lyten.com/products/sensors/  

https://lyten.com/products/composites/
https://lyten.com/products/sensors/

