
Detailed Analysis of NEMA Organic Carbon: 
Structure, Patents, and Applications 

Part 1: General Introduction and Terminological Distinction 
1.1. Definition of Organic Carbon (NEMA) 
Organic Carbon, commercially known as NEMA, is introduced as a new allotrope of 
carbon, created through a proprietary, atomic-level process to refine cellulose, a common 
organic polymer in plant cell walls.¹ This material is described as having an amorphous 
structure at the atomic scale, distinguishing it completely from familiar carbon forms like 
graphite or diamond. ¹ 

  
According to the relevant patent and technical documents, the material exists in an 
"atomic state," with a particle size approaching that of a single carbon atom (diameter 
less than 1 nm, and theoretically around 1.66 Å or 0.166 nm).¹ It can exist as a mass 
agglomerated by inter-atomic bonding forces or as individual particles.² The core 
properties emphasized by the manufacturer include superior ion adsorption capacity, non-
conductivity, ease of dispersion in water, an alkaline pH (>8), and biological safety for 
living organisms.¹ 
 
 
1.2. Terminological Distinction: Commercial vs. Scientific "Organic Carbon" 
It is crucial to clearly distinguish between the commercial name "Organic Carbon" for the 
NEMA product and the widely accepted scientific term "Soil Organic Carbon" (SOC). In 
soil science, SOC is a major component of Soil Organic Matter (SOM), derived from the 
decomposition of plant, animal, and microbial residues.³ SOC is recognized as a 
foundational indicator of soil health, playing a vital role in regulating soil ecosystem 
functions, improving soil structure, increasing water and nutrient retention, and serving as 
the primary energy source for soil microbial communities.⁴ 
The use of the name "Organic Carbon" for the NEMA product is a commercial decision, 
creating a positive association with the natural and beneficial components of soil. 
However, they are fundamentally different. SOC is a complex, heterogeneous component 
that forms naturally in soil over decades or centuries. In contrast, NEMA Organic Carbon 
is an industrially produced carbon material derived from an organic precursor (cellulose). 
Its purpose is to be added to the environment (soil, water, waste) to enhance bio-



physicochemical processes, rather than being naturally formed SOC itself. Clarifying this 
distinction is necessary to avoid confusion and ensure scientific accuracy. 

 
Part 2: Origin, Development, and Patents 
2.1. The Published Development Story 
According to information from the manufacturer, the Organic Carbon material is the 
result of a pioneering research project led by Dr. Yukihiro Sugiyama and his team at the 
University of Tokyo, beginning in the early 2000s.¹ 

 
Part 3: Analysis of Structure and Physicochemical Properties 
3.1. Microstructural Analysis and Imagery 
Comparative structural images provided by the manufacturer visually illustrate the 
fundamental difference of NEMA Organic Carbon compared to other carbon allotropes. 
While graphite has an ordered, layered hexagonal structure and diamond has a rigid 
tetrahedral lattice, the structure of Organic Carbon is described as a completely chaotic 
network of carbon atoms, with no long-range repeating order. This is the definition of an 
amorphous structure.¹ 
The term "atomic state" used in the patent² is not a standard term in materials science. 
However, it can be interpreted as a way to describe a material composed of individual 
carbon atoms or very small clusters of atoms (from 2 to 10 atoms) weakly bonded 
together, rather than the stable, extended covalent networks found in graphite or 
diamond. The mentioned theoretical size of 1.66 Å (0.166 nm)¹ is very close to the van 
der Waals diameter of a carbon atom, further reinforcing the idea of a material with basic 
structural units at a near-atomic level. 
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3.2. Evaluation of Physicochemical Properties 
The unique properties of this material are a direct consequence of its low-temperature 
production process and amorphous structure. 

 Ion Adsorption Capacity: 
o Claim: The material has a significantly higher ion adsorption capacity than 

fullerenes and carbon nanotubes, specifically 4 times that of fullerene C60.¹ 
The patent explains that if C60 can adsorb 60 ions, this material has "the 
ability to adsorb 240 ions."² 

o Analysis and Mechanism: This superior adsorption capacity does not stem 
from a novel "state of matter" but is more likely a combination of two well-
known factors in surface science: (1) an extremely large specific surface 
area due to its amorphous, nano-level porous structure; and (2) a high 
density of surface functional groups (e.g., carboxyl -COOH, hydroxyl -
OH). These functional groups are remnants from the original cellulose 
molecule due to incomplete pyrolysis at low temperatures. They can 
exchange protons and create negatively charged sites on the surface, 
thereby strongly attracting and binding with positive ions (cations) in a 
solution. Studies on cellulose-derived activated carbon have also 
demonstrated good adsorption capacity for ions and organic dyes.¹⁰ 

o  
 Electrical Properties and Dispersion in Water: 

o Claim: The material is completely non-conductive (an insulator) and easily 
disperses in water.¹ 

o Analysis: The insulating property is a necessary consequence of the 
amorphous structure. The material lacks the delocalized π-electrons that can 
move freely, which are responsible for the conductivity in graphite. The 
good dispersion in water (which is not true dissolution) can be explained by 
the combination of extremely small particle size (nanoscale) and the 
presence of hydrophilic functional groups (-OH, -COOH) on the surface, 
which help them remain suspended in water instead of settling. 

 pH: 
o Claim: A dispersion of the material is alkaline, with a pH > 8.¹ The patent 

also claims it can create "anion water" with a pH ≥ 11.² 
o Analysis: This strong alkalinity may arise from Lewis basic active sites on 

the carbon surface reacting with water molecules, accepting protons (H+) 
and releasing hydroxide ions (OH−) into the solution, thereby increasing 
the pH. 

Below is a detailed comparison table of the properties of NEMA Organic Carbon with 
other common forms of carbon. 



Property 
Organic 
Carbon 
(NEMA) 

Activated 
Carbon 

Graphite 
/ 
Graphen
e 

Fullerene / Nanotube 
Scientific 
Interpretati
on 

State 
Organic 
atomic 
form 

Inorganic 
molecular 
form 

Inorganic 
molecular 
form 

Inorganic molecular 
form 

The term 
"organic 
atomic" is 
commercial; 
it is 
essentially 
elemental 
carbon from 
an organic 
source. 

Structure 
Amorpho
us 

Amorpho
us, porous 

Crystallin
e 
(layered) 

Crystalline 
(spherical/tubular) 

The 
amorphous 
structure is 
key to the 
surface 
properties of 
NEMA and 
Activated 
Carbon. 

Bonding Ability 
Easily 
forms 
bonds 

Good 
adsorption 

Stable 
covalent 
bonds 

Stable covalent bonds 

"Easily 
forms 
bonds" here 
refers to 
chemical 
and 
electrostatic 
adsorption 
on the 
surface, not 
covalent 
bonding 
within the 
lattice. 

Conductivity 
Non-
conductiv
e 

Poor to 
moderate 
conductivi
ty 

Good 
conductivi
ty 

Semiconductor/Condu
ctor 

NEMA's 
non-
conductivity 
is due to the 
lack of 



Property 
Organic 
Carbon 
(NEMA) 

Activated 
Carbon 

Graphite 
/ 
Graphen
e 

Fullerene / Nanotube 
Scientific 
Interpretati
on 

delocalized 
π-electrons. 

Dispersion/Solubi
lity 

Easily 
disperses 
in water 

Insoluble Insoluble Insoluble 

Dispersibilit
y is due to 
nano-size 
and 
hydrophilic 
surface 
functional 
groups. 

pH (in water) 
>8 
(Alkaline
) 

Varies 
(often 
neutral) 

Neutral Neutral 

Strong 
alkalinity 
suggests a 
highly 
chemically 
active 
surface with 
water. 

Biological Safety 
Safe for 
organism
s 

Safe (in 
pure 
form) 

Safe 
Further research 
needed 

The 
biological 
safety of 
elemental 
carbon is 
generally 
high but 
depends on 
purity and 
particle size. 

Xuất sang Trang tính 

 
Part 4: Practical Applications and Mechanisms of Action 
The diverse applications of NEMA Organic Carbon all revolve around a core mechanism 
of action: extremely high surface adsorption (distinct from the pore-filling concept of 
activated carbon), driven by a large surface area and the strong chemical activity of its 
functional groups. 
4.1. Agriculture and Livestock 

 Soil Remediation: When added to soil, the carbon particles act as microscopic 
"sponges." They improve soil structure by binding soil particles together, creating 



more stable aggregates, which makes the soil more friable and increases its water-
holding capacity, preventing erosion.¹ The strong ion adsorption capacity helps 
retain cation nutrients (like K+, Ca²+, Mg²+), preventing them from leaching and 
providing a slow release for plants. Additionally, the material's alkalinity helps 
neutralize soil acidity, improving the environment for beneficial microorganisms 
to thrive.¹ 

 Organic Compost Production and Odor Control in Livestock Farming: 
During organic composting, a major challenge is balancing the Carbon/Nitrogen 
(C/N) ratio and controlling odors.¹¹ NEMA Organic Carbon plays a dual role: it 
provides an easily digestible carbon source for microorganisms, accelerating the 
decomposition process; simultaneously, its active surface strongly adsorbs 
odorous gases like ammonia (NH₃) and hydrogen sulfide (H₂S).¹ This mechanism 
not only helps minimize air pollution but also conserves the valuable nitrogen 
source (in the form of ammonia) in the compost pile, enhancing the quality of the 
finished fertilizer. 

4.2. Environmental and Industrial Treatment 
 Wastewater Treatment: In biological wastewater treatment systems, 

microorganisms require a carbon source to grow and decompose organic 
pollutants (measured by BOD and COD indicators). NEMA Organic Carbon, 
when dispersed in water, provides an accessible carbon source, activating and 
increasing the density of beneficial microorganisms, thereby accelerating the water 
purification process.¹ Its surface can also directly adsorb some heavy metals and 
persistent organic pollutants. 

 Flue Gas Treatment: Similar to its deodorizing application, this material can be 
used in gas filtration systems to remove acidic exhaust gases such as H₂S, NH₃, 
and SO₂. The material's alkalinity helps neutralize these gases, while the very 
strong physical adsorption mechanism traps them on the surface, preventing their 
release into the environment and reducing equipment corrosion.¹ 

 
Part 5: Scientific Context and Professional Evaluation 
To better understand the position of NEMA Organic Carbon, it needs to be placed within 
the broader context of biomass-derived carbon materials. 
5.1. Comparison with "Hard Carbon" and Activated Carbon 

 Hard Carbon: This is another type of amorphous carbon, typically created by 
pyrolyzing biomass (including cellulose) at very high temperatures (often above 
1000°C).¹² The structure of hard carbon consists of nano-sized graphitic domains 
dispersed in an amorphous carbon matrix. This structure gives it some electrical 
conductivity and the ability to store ions (like Na⁺ or K⁺) within the graphitic 
layers, making it a potential material for battery anodes.¹³ In contrast, NEMA 
Organic Carbon is created at a much lower temperature and likely lacks these 
graphitic domains, explaining its insulating nature and surface adsorption 
mechanism rather than ion intercalation. 

 Activated Carbon: Activated carbon is produced by pyrolysis followed by an 



"activation" process using chemicals or steam at high temperatures to create an 
extremely developed porous network, resulting in a very large specific surface 
area (typically from 500 to 2000 m²/g).¹⁰ NEMA's production process can be seen 
as a form of simple chemical pyrolysis without a separate activation step. 
Therefore, it may have properties similar to activated carbon, especially in 
adsorption capacity, but the formation mechanism and detailed pore structure may 
differ. 

Essentially, NEMA Organic Carbon is not a completely new allotrope of carbon in the 
academic sense (like graphene or fullerenes) but is a material that falls within the broad 
spectrum of biomass-derived amorphous carbons. Its unique position on this spectrum, 
determined by its low-temperature synthesis process, gives it a distinct set of properties 
(non-conductive, high surface activity) suitable for environmental and agricultural 
applications, rather than electronic or energy applications. 
5.2. Evaluation of Claims and Terminology 

 "Atomic State": As analyzed, this is a marketing term to describe a material with 
extremely small particle size and high amorphousness, not a recognized new state 
of matter in physics or chemistry. 

 "Organic": Calling this material "organic" can be misleading. Chemically, it is 
elemental carbon (inorganic), although it is produced from an organic compound 
(cellulose) and may retain organic functional groups on its surface. 

 Performance: The claim of having "4 times the adsorption capacity of fullerene" 
is a strong quantitative statement. For full validation, independent, peer-reviewed 
studies are needed to compare its performance against other standard adsorbents 
(like zeolites, high-grade commercial activated carbons) under tightly controlled 
experimental conditions. 

 
Part 6: Conclusion and Outlook 
6.1. Summary of Key Findings 
The comprehensive analysis shows that NEMA Organic Carbon is an amorphous carbon 
material with very high surface physicochemical activity, produced through a tightly 
controlled pyrolysis process from cellulose, protected by a patent. Its key properties, 
including superior ion adsorption, electrical insulation, and strong alkalinity in water, are 
all direct consequences of this unique production process. 
6.2. Outlook and Open Questions 
The potential of this material in addressing challenges in sustainable agriculture, 
environmental pollution treatment, and the circular economy is significant, provided that 
the performance claims are widely validated. However, there remain several open 
questions that need clarification to strengthen its scientific foundation and enhance 
transparency. 
6.3. Clarification of Origin and Commercial Relationship 
Based on the information and documents provided, the relationship between the 
individuals and organizations involved in the development and commercialization of 
NEMA Organic Carbon can be clarified as follows: 



1. Original Inventor: Mr. Kunimichi Sato, listed as the inventor on patent 
CN103848414A, holds the original intellectual property rights to the technology 
for producing atomic-state carbon material. Mr. Sato funded the research and 
represented the pioneering research team led by Dr. Yukihiro Sugiyama and his 
colleagues in filing the patent. 

2. Research and Development: The research team led by Dr. Yukihiro Sugiyama at 
the University of Tokyo conducted further research to develop and validate this 
technology. This research process was reportedly funded by Mr. Kunimichi Sato. 
This explains why marketing materials focus on the scientific credibility of Dr. 
Sugiyama and the University of Tokyo, while the legal foundation belongs to Mr. 
Sato. 

3. Commercial Transfer: A commercial contract, signed on May 26, 2020, 
formalized the technology transfer. 

o Transferor: GATE KEEPER COMPANY LIMITED, likely associated 
with Dr. Yukihiro Sugiyama (based on the email address 
"yuki@gatekeeper.co.jp" in the contract), acted as the seller of the 
technology. 

o Transferee: JAPAN VIETNAM SMART FUTURE JOINT STOCK 
COMPANY (JVSF) was the buyer, receiving the complete technology for 
production and commercialization in Vietnam. 

o Witness: Importantly, Mr. Kunimichi Sato, in his capacity as the CEO of 
EARTH ENVIRONMENT NETWORK COMPANY LIMITED, signed as 
a witness to this contract. His presence confirms that the original inventor 
witnessed and consented to the commercial transfer, creating a strong and 
legitimate link between the original patent and subsequent commercial 
activities. 

4. Implementation in Vietnam: After the transfer was completed, the research team 
came to Vietnam to directly manage production, and Dr. Yukihiro Sugiyama 
assumed the position of Deputy General Director of Production and R&D at Japan 
Vietnam Smart Future Joint Stock Company (JVSF). 

This information creates a clear and logical timeline: from the initial invention 
(Kunimichi Sato), through the scientific research and development phase (Dr. Yukihiro 
Sugiyama), to the formal commercial transfer, and finally to production implementation. 
This resolves the previously raised question of transparency. 
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