
MORE BANG FOR YOUR 
BATTERY BUCK WITHOUT 
CHANGING CHEMISTRY: 

Advancing Li-ion Batteries

A new class of carbon-based materials promises 
higher capacity and discharge rates while 
remaining complementary to industry-standard 
Li-ion battery materials.
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“While proprietary high-power charging methods and power 
management techniques have helped extend battery lifetimes 
in both areas, they have largely failed at commercial penetration 
since they require fundamental changes in how batteries are 
manufactured.”
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Portable energy storage remains a key enabler 

of all the electronic devices pervasive in our 

lives, with lithium-ion currently holding primacy 

in commercial dominance.  While proprietary 

high-power charging methods and power 

management techniques have helped extend 

battery lifetimes in both areas, they have largely 

failed at commercial penetration since they 

require fundamental changes in how batteries 

are manufactured.  

This whitepaper details the current challenges 

involved in advancing Li-ion batteries and 

the advantages provided by this alternative 

class of graphitic carbon as an anode material 

in Li-ion batteries. Readers will gain a greater 

understanding of the advantages provided by 

these graphitic carbons and how they can be 

immediately adapted for use in Li-ion batteries 

without changing battery chemistry.

INTRODUCTION



“Despite a gradual move towards greater energy sustainability, 
there are still many challenges to greater adoption and 
efficient use of renewable energy sources. Among these is 
storage capacity with high capacity batteries, which motivates 
the use of unique battery materials that can provide high 
capacity and discharge rate.”

www.chasmtek.com



Batteries have played a role in modern life since 

the Daniell cell in 1836, and greater use of batteries 

is being driven by advances in alternative energy, 

electric cars, mobile/IoT, and many other areas. 

Environmental costs, broad social pressure, and 

greater energy efficiency have helped push U.S. 

renewable energy capacity well beyond 10% 

of total generation capacity, and greater use of 

high capacity rechargeable batteries with long 

lifetime will be a critical part of renewable energy 

infrastructure. Despite this gradual move towards 

greater energy sustainability, there are still many 

challenges to greater adoption and efficient use of 

renewable energy sources. Among these is storage 

capacity with high capacity batteries, which 

motivates the use of unique battery materials that 

can provide high capacity and discharge rate.

The need for newer rechargeable batteries 

with higher capacity doesn’t end at renewable 

energy storage. Increasing the range of electric 

cars requires increasing the charging capacity of 

battery cells without decreasing the charging/

discharging rate. The same challenges apply 

to modern smartphones, which continue to 

pack more power-hungry features into smaller 

packages. As an example, newer smartphones 

are switching to a flex-dominated or all-flex PCB 

architecture simply to make room for a physically 

larger battery, with the end goal of increasing the 

time between charges. While proprietary high-

power charging methods and power management 

techniques have helped extend battery lifetimes in 

both areas, increasing capacity and discharge rate 

are still the primary challenges to producing better 

batteries.

Some reports in the battery materials industry 

focus on improving these aspects of battery 

performance by changing the battery chemistry, 

but this creates barriers to scaling and creates 

safety risks. A better approach is to focus 

on structurally modifying or doping carbon 

materials for use as anodes. Graphite is currently 

the industry-standard anode material for high 

capacity/high discharge Li-ion batteries, and a 

new class of graphitic carbon-based materials 

can provide higher capacity and discharge rates 

without creating safety risks. 
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Li-based batteries are known for their high 

capacity, relatively high voltage, and lower 

mass density compared to other battery 

systems. This makes Li-ion batteries ideal 

for a range of products, such as electric 

car batteries, smartphones, and other 

rechargeable systems. However, the structure 

of battery cells and the materials used in their 

construction tend to make commercial Li-ion 

batteries more expensive than equivalent 

batteries with aqueous electrolytes. As such, 

disposable alkaline batteries and zinc/air 

batteries have dominated the small battery 

market, particularly for consumer products.

Rechargeable Li batteries use solid Li as the 

anode, or they use a carbon-based material 

(e.g., graphite) or another alloy that permits 

intercalation of Li+ in the solid electrolyte 

interphase (SEI) layer. Due to dendritic growth 

on the anode in Li batteries, which decreases 

lifetime and leads to thermal failure, this latter 

range of anode materials has come to form 

the basis of Li-ion batteries. Graphite is the 

current best-in-class anode material used in Li-

ion batteries as large concentration of Li+ can 

adsorb/desorb from carbon (C:Li = 6:1) during 

charging/discharging.

Although one is hard pressed to find 

consumer, industrial, and military products 

that don’t contain Li-ion batteries, there is 

always a motivation to build a better battery. 

The goals would be to increase capacity and 

charge/discharge rates without increasing 

thermal losses during operation. There are still 

challenges inhibiting these improvements in 

Li-ion batteries:

ANODE RESISTANCE:

Reducing the terminal resistance of graphite 

anodes will reduce losses during charging/

discharging. This will then help prevent 

thermal failure and help extend battery 

lifetimes.

CARBON ANODE MATERIALS IN LI-ION 
BATTERIES
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CAPACITY LIMITATIONS: 

Although Li-ion batteries are known for 

their high capacity, it is always desirable 

to increase the capacity in order to 

increase time between charging 

sessions.

OPERATION AT LOW TEMPERATURES:

Conventional Li-ion batteries with 

graphite anodes exhibit reduced 

discharge rate at low temperatures.

HIGH COST:

Any improvement in Li-ion battery 

materials should hold constant 

or decrease the overall cost per 

mAh of capacity to ensure broader 

commercialization.

Because of these challenges in 

increasing capacity and charge/

discharge rate, researchers have 

extensively investigated new materials 

for rechargeable batteries. There have 

been some interesting successes, but 

new materials often require changing 

the Li-ion battery chemistry. This in 

turn creates safety risks that need 

to be addressed during design and 

manufacturing in order to comply 

with safety regulations. This then 

makes companies liable for failed 

products and creates new barriers to 

commercialization.

Because it is desirable to improve the 

performance metrics mentioned above 

without changing the battery chemistry, 

there has been a considerable focus on 

the use of graphitic materials, carbon 

nanotubes, graphene, carbon black, 

activated carbon, and fullerene-like 

materials as anodes in Li-ion batteries. 

Advanced carbon-based materials 

with unique morphology can provide 

a solution to these challenges without 

changing the chemistry of Li-ion 

batteries.
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“Advanced carbon-based materials with unique 
morphology can provide a solution to these 
challenges without changing the chemistry of Li-
ion batteries.  ”
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Nanotube-enhanced Carbon Graphite 

(NTeC-G) is the latest advanced material for 

anodes in Li-ion batteries. This material is a 

carbon nanotube CNT-graphite hybrid that 

is low cost and easy to handle. In this type 

of CNT-coated graphite material, a “carpet” 

layer of CNTs are attached to the exterior of 

graphite particles, providing a highly porous 

surface coating on a solid graphite core.

In this growth process, a solid catalyst is 

mixed with natural or synthetic graphite, 

and the mixed material is placed in a reactor 

for multi-walled CNT growth. This material 

can be grown using a simple catalytic 

process in a specialized reactor. Graphite 

particles are seeded with a metallic catalyst, 

which drives CNT growth on the graphite 

core. CNTs grow directly on the graphite 

particles and remain attached once growth 

is complete. The growth process for these 

hybrid CNT/graphite particles is simple 

enough for scalable production with high 

yield and low cost. Multi-walled CNTs grow 

on the graphite core with controllable 

diameter (typically 20-25 nm) and length 

(3-10 μm). The final step in producing both 

types of materials is purification, where 

the carbon mixture is heated to high 

temperature for graphitization and removal 

of metal impurities. SEM images of uncoated 

graphite and the NTeC-G-carpet material are 

shown below.

MEET NTEC-G, AN ADVANCED CNT-COATED 
GRAPHITE HYBRID

(Top) SEM image of 5-10 μm graphite particles. (Bottom) 
CHASM’s NTeC-G-carpet material with CNTs grown on graphite 
particles in a specialized reactor
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This CNT-graphite hybrid material is quite easy to 

handle and integrate into cylindrical battery cells, 

coin cells, and pouch cells. As the material is in 

the solid state, it can be mixed with a surfactant 

and binder to form a slurry. This slurry can then 

be spread onto a copper foil and dried, yielding 

a porous film with low resistance. No specialized 

growth processes are required to integrate these 

materials with other standard battery materials. As 

can be seen in the SEM images, the web of CNTs 

forms a highly porous surface on top of the core 

graphite particles. The porous nature of this CNT-

graphite hybrid material provides a number of 

benefits when used as an anode in Li-ion batteries:

LOWER INTERNAL RESISTANCE THAN BARE 

GRAPHITE:

The multi-walled CNTs have high electrical 

conductivity along the axial direction, allowing for 

ballistic charge transport. As the internal resistance 

of the CNT layer is lower, less power is lost as 

heat during charging/discharging. The lower 

resistance of the CNT layer provides faster charging 

compared to conventional graphite anodes.

HIGHER THERMAL CONDUCTIVITY:

CNTs have high thermal conductivity along the 

transported away from the anode. This provides 

additional protection against temperature rise, 

heating during overcharging, and thermal failure.

GREATER LI+ STORAGE:

The porous nature of the CNT means the exposed 

surface area to volume ratio is larger than that of a 

solid graphite anode, which provides greater charge 

and discharge capacity, respectively.

ROBUST INTERPARTICLE CONNECTIONS:

The CNT layer allows particles to easily agglomerate 

with each other and form strong mechanical 

connections. This aids ballistic charge transport 

through the anode material.

The graphs on the next page show some key 

performance metrics for NTeC-G-carpet in comparison 

to commercially available graphite anode materials 

(i.e., without added CNTs). One can see that the cell 

resistance of a battery with an NTeC-G-carpet anode is 

approximately 50% that of a standard graphite anode. 

In addition, the NTeC-G-carpet anode only loses ~50% 

discharge capacity at temperatures down to -30 °C 

as long as the charging rate is kept low, making it a 

useful anode material for cold environments.
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Perhaps the greatest benefit in terms of scaling, commercialization, and safety is preservation of the 

Li-ion battery chemistry. As Li-ion batteries already use graphite as an anode material, the ability 

to increase the charge capacity and discharge power without changing the battery chemistry is 

extremely desirable. The electrical benefits and easy processability of NTeC-G allows it to be quickly 

brought into new battery designs without major changes to manufacturing processes, testing 

procedures, or quality controls. In addition, battery manufacturers do not need to worry about the 

safety risks or regulatory scrutiny associated with commercializing a new battery chemistry.

Comparison of batteries with NTeC-G-carpet and commercial graphite anodes. (Left) Cell resistance at 25 mAh capacity; (Right) discharge capacity vs. 
charging rate at various temperatures.
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CHARGING FORWARD
Directed growth of CNT-graphite hybrids like 

NTeC-G and similar materials can help solve 

key challenges in battery design, yielding 

rechargeable batteries with faster charging 

rates, longer cycle life, and greater peak 

discharge capacity at practical temperatures. 

Other advanced materials for improving 

batteries have been investigated, but they fall 

short in one key area: they require modifying 

the internal chemistry of state-of-the-art 

batteries, creating safety risks, regulatory 

hurdles, and barriers to commercialization. 

The NTeC-G material from CHASM Advanced 

Materials can be introduced into existing 

battery designs without changing the battery 

chemistry. Designers now have a new material 

they can use to provide higher peak charge/

discharge rates and higher capacity without 

compromising safety.

Advanced materials companies are working on 

adapting these and similar materials for other 

applications. Examples include development 

of ESD films for sensitive electronics, active 

materials in sensors, and conductive anti-

corrosion coatings. These materials can be 

easily brought into resins and plastics for 3D 

printing, allowing them to be used in additive 

manufacturing processes. Expect more 

applications of these types of materials in 

energy storage and beyond in the near future.

 FORWARD TO A FRIEND>

If you found this whitepaer interesting, please share! Click the 
button below to email this to a colleague friend. 
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