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The present technology is for coating the platinum-based catalysts for fuel cells 
and silicon nanoparticles for secondary batteries with porous graphene shells 
through ‘one-step coating process’. It may greatly increase the long-term stability 
of electrodes by preventing the aggregation, corrosion, and detachment of 
catalytic metal particles. The key technologies have been published in relevant 
patents and on top academic journals.

One-step carbon layer coating 

technology for improving durability 

of fuel cells and secondary battery 

electrodes

36

Application Fields Products

Electrodes for fuel cells, electrodes for 
secondary batteries, reforming catalysts 
for hydrogen production, and catalysts 

for chemical processes

Catalysts for chemical processes, fuel 
cell-based vehicles, electric vehicles, 
mobile power sources, special power 

generation, large-area solar cells, interior 
building materials, etc.

    To secure the long-term stability of platinum-based catalysts that are often used for the electrodes of fuel 
cells, a hot-temperature one-step process is performed in the present technology to coat the surface of 
the platinum nanoparticles with porous graphene shells; this fundamentally prevents inactivation of the 
catalyst particles caused by aggregation, corrosion or detachment. In addition, the electrode inactivation 
by repeated charge and discharge may be prevented fundamentally by applying the graphene shells to 
the electrode materials (silicon, etc.) of secondary batteries.

    The platinum-graphene core-shell structure provides good initial performance higher than that of 
commercial catalysts as well as a long-term stability 150% higher than that of commercial catalysts. When 
the platinum-graphene core-shell structure is applied to an electrode of a secondary battery (silicon-
graphene core-shell), the capacity retention rate is over 75%.

    The one-step graphene-shell synthesis may be accomplished simply by applying some additional 
components to the existing catalyst preparation process. The installation is very simple and less expensive 
because the process is a low-temperature atmospheric process.

    The application of the simultaneous gasification process can simplify the conventional complicated catalyst 
preparation process (supporting, drying, calcination, reduction, and alloying) into a one-step process.

Conventional Technology Present Technology

       Dry reforming: The long-term stability is low due 
to the severe inactivation (cokes deposition) of Ni 
catalyst.

       Polymer electrolyte fuel cells: The long-term 
stability is low due to the severe inactivation of Pt 
catalyst, and the expensive Pt is lost.

       Secondary batteries: The electrode materials are 
inactivated and the system lifetime is decreased 
due to the repeated charge and discharge during 
the operation.

       Dry reforming for hydrogen production – The 
durability over 7% higher than the commercial 
catalyst (Ni/ Al2O3) has been demonstrated 
(harsh conditions @700°C, 72-hr reaction).

       Performance of catalyst for fuel cells (PEMFC) – 
The long-term stability is 150% higher than that 
of the commercial catalyst (JM4000, Johnson 
Matthey) (harsh conditions @1000CV cycles).

       Electrodes for secondary batteries (lithium-silicon 
secondary batteries) - A capacity retention rate 
over 75% has been secured (@ 50 cycles).
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Method for preparing an electrode for fuel 
cell comprising nanocarbon and core-shell 
structure of platinum-carbon composite 
and the electrode for fuel cell prepared by 
the same

10-2012-0078362
(Republic of Korea)

2012.07.18
10-1436030 

(Republic of Korea)
2014.08.25

CN 201310284379.9
(China)

2013.07.08
ZL 2013102 

84379.9 (China)
2016.02.03

US 13/938,643 (US) 2013.07.10 9,172,095 (US) 2015.10.27

2
Metal-carbon hybrid composite having 
nitrogen-doped carbon surface and 
method for manufacturing the same

10-2014-0067129 
(Republic of Korea)

2014.06.02
10-1568247-

00-00  
(Republic of Korea)

2015.11.05

2015-112387 (JP) 2015.06.02 6058075 (JP) 2016.12.28

3
Method for forming nitrogen-doped porous 
graphene envelope

10-2015-0075097 
(Republic of Korea)

2015.05.28
10-1735401 

(Republic of Korea)
2017.05.08

2016-105142 (JP) 2016.05.26 -

15/165,776 (US) 2016.05.26 -

Basic Research PrototypeExperiment Turning into practice Commercialization

[TRL 6: pilot-scale prototype preparation and performance evaluation]  
Technology for applying porous graphene to improve durability of metallic catalysts

•   R&D work is currently conducted to increase the efficiency and prepare mass production.
• A semi-pilot level facility has been established, and a prototype has been prepared.
•   The research results were published in the world’s best SCI journals  
(ACS Nano, Nano Letters, Advanced Materials, etc.)

• Domestic and international patents have been approved as source technologies.
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Structure of graphene-
doped metal catalyst

Performance of graphene-
doped catalyst in dry 

reforming

Performance of fuel cell 
electrode (Pt-graphene 

core-shell catalyst)

Performance of fuel cell 
electrode (Johnson matthey, 

HiSPEC4000)

       Technology for applying porous graphene to improve durability of metallic catalysts

-   The metallic core and the porous carbon shell (graphene shell) fundamentally prevents the 
inactivation of catalyst to drastically increase the long-term durability of electrodes and battery 
systems.

Description and Characteristics of Technology

Scope of Application

Diagram of simultaneous gasification process for 
synthesis of platinum-graphene core-shell catalyst

TEM structural analysis of platinum-graphene core-shell catalyst 
[ACS Nano, June 2015]
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