


• ƵǊ ǆǀǎǂǊ Ǖǐ ǄǒǂǗƾǎǊǐ; 

• ΠǐǊǆǓ ǆǀǎǂǊ ǐǊ ǊǅǊǝǕǈǕǆǓ Ǖǐǖ ǄǒǂǗǆǎǀǐǖ; 

• Πǝǔǐ ǆǞǋǐǌǂ ǑǂǒƽǄǆǕǂǊ Ǖǐ ǄǒǂǗƾǎǊǐ; 

• ΠǐǊǆǓ ǆǀǎǂǊ ǐǊ ǆǗǂǒǍǐǄƾǓ Ǖǐǖ ǄǒǂǗǆǎǀǐǖ; 

• ƵǊ ǑǆǒǊǍƾǎǐǖǍǆ ǔǕǐ Ǎƾǌǌǐǎ ǂǑǝ Ǖǐ ǄǒǂǗƾǎǊǐ; 



 

ƦǊǔǅǊƽǔǕǂǕǐ ǅǀǋǕǖǐ ǂǕǝǍǚǎ ƽǎǉǒǂǋǂ, ǑƽǘǐǖǓ ǆǎǝǓ ǂǕǝǍǐǖ, ǔǖǎǅǆǅǆǍƾǎǚǎ 

ǍǆǕǂǏǞ ǕǐǖǓ Ǎǆ ǊǔǘǖǒǐǞǓ ǐǍǐǊǐǑǐǌǊǋǐǞǓ ǅǆǔǍǐǞǓ ǋǂǊ ǐǒǄǂǎǚǍƾǎǚǎ ǔǆ 

ǅǊǂǅǐǘǊǋǐǞǓ ǆǏǂǍǆǌǆǀǓ ǅǂǋǕǖǌǀǐǖǓ. 



Carbon Wonderland 
A. K. Geim, P. Kim Scientific American 2008, 298, 90 
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ƸǒǈǍǂǕǐǅǝǕǈǔǈ 
 

ƧǖǒǟǑǈ : ά1 ǅǊǓ      2012-2022 

Ƭǀǎǂ : $2 ǅǊǓ      2011-2015 

Ƭǐǒƾǂ : $200 ǆǋ   2012-2018 

 



• >200 ǗǐǒƾǓ ǅǖǎǂǕǝǕǆǒǐ ǂǑǝ Ǖǐ ǂǕǔƽǌǊ 

• 2 ǗǐǒƾǓ ǑǊǐ ǂǎǉǆǋǕǊǋǝ ǂǑǝ Ǖǐ kevlar 

Young’s modulus: 1 TPa  

Tensile strength: 130 GPa 

C. Lee, X. Wei, J. W. Kysar and J. Hone, Science, 2008, 321, 385 
J.-H. Lee, P. E. Loya, J. Lou and E. L. Thomas, Science, 2014, 346, 1092 

 

• To ǆǌǂǗǒǞǕǆǒǐ ǖǌǊǋǝ (0.77 mg / m2) 



 
• 106 ǗǐǒƾǓ ǌǆǑǕǝǕǆǒǐ ǂǑǝ Ǖǈǎ ǂǎǉǒǟǑǊǎǈ Ǖǒǀǘǂ 

• ƣǅǊǂǑǆǒǂǕǝǕǈǕǂ ǔǆ ǝǌǂ Ǖǂ ǂƾǒǊǂ  

• ƧǀǎǂǊ ǆǞǋǂǍǑǕǐ ǋǂǊ ǆǋǕǆǀǎǆǕǂǊ ƾǚǓ 20% ǘǚǒǀǓ ǎǂ ǉǒǂǖǕǆǀ (10 ǗǐǒƾǓ 
ǊǔǘǖǒǝǕǆǒǐ ǂǑǝ Ǖǐ ƫƵƱ)  

• ƮǆǄƽǌǈ ǆǎǆǒǄƿ ǆǑǊǗƽǎǆǊǂ (2630 m2 g-1)  

• ƮǆǄƽǌǈ ǐǑǕǊǋƿ ǅǊǂǑǆǒǂǕǝǕǈǕǂ (ǂǑǐǒǒǐǗƽ Ǖǐ 2.3% Ǖǐǖ ǌǆǖǋǐǞ ǗǚǕǝǓ) 

SEM image of 
Human Hair 



• 100 ǗǐǒƾǓ ǍǆǄǂǌǞǕǆǒǈ ǋǊǎǈǕǊǋǝǕǈǕǂ ǈǌǆǋǕǒǐǎǀǚǎ ǔǆ ǉǆǒǍǐǋǒǂǔǀǂ 
ǅǚǍǂǕǀǐǖ ǂǑǝ Ǖǐ ǑǖǒǀǕǊǐ (2.5 x 105 cm2 V-1 s-1) 

• 106 ǗǐǒƾǓ ǍǆǄǂǌǞǕǆǒǈ ǈǌǆǋǕǒǊǋƿ ǂǄǚǄǊǍǝǕǈǕǂ ǂǑǝ Ǖǐ ǘǂǌǋǝ (20000 S cm-1) 

• ƦǆǋǂǑǌƽǔǊǂ ǉǆǒǍǊǋƿ ǂǄǚǄǊǍǝǕǈǕǂ ǂǑǝ Ǖǐǎ ǘǂǌǋǝ ǋǂǊ ǅǊǑǌƽǔǊǂ ǂǑǝ Ǖǐ 
ǅǊǂǍƽǎǕǊ (5300 W m-1 K-1) 

 

• ƲǂǒǂǍƾǎǆǊ ǘǈǍǊǋƽ ǂǎǂǌǌǐǀǚǕǐ ǔǕǐ ǘǒǝǎǐ 

• ƮǑǐǒǆǀ ǎǂ ǕǒǐǑǐǑǐǊǈǉǆǀ ǘǈǍǊǋƽ ǐǅǈǄǟǎǕǂǓ ǔǆ Ǒǌǈǉǟǒǂ ǎƾǚǎ ǖǃǒǊǅǊǋǟǎ 
ǖǌǊǋǟǎ 



• ƭǆǑǕǝ  

• ƦǖǎǂǕǝ 

• ƦǊƽǗǂǎǐ 

• ƧǌǂǔǕǊǋǝ 

• ƮǆǄƽǌǈ ǆǎǆǒǄƿ ǆǑǊǗƽǎǆǊǂ 

• ƬǂǌǝǓ ǂǄǚǄǝǓ ǈǌǆǋǕǒǊǔǍǐǞ 

• ƬǂǌǝǓ ǂǄǚǄǝǓ ǉǆǒǍǝǕǈǕǂǓ 

 

• ƧǎǊǔǘǖǕǊǋǝ ǔǆ  ǔǞǎǉǆǕǂ ǖǌǊǋƽ 

• ƧǞǋǂǍǑǕǆǓ ǐǉǝǎǆǓ Π smartphones 

• ƬǖǙƾǌǆǓ ǋǂǖǔǀǍǚǎ Π 
ǆǄǋǌǚǃǊǔǍǐǞ ǂǆǒǀǚǎ  

• Transistors 

• ƮǑǂǕǂǒǀǆǓ Π ƴǖǔǔǚǒǆǖǕƾǓ  

• ƧǑǊǔǕǒǟǔǆǊǓ Π ǃǂǗƾǓ Π ǍǆǌƽǎǊǂ  

• ƣǊǔǉǈǕƿǒǆǓ  



 



X. Yang et al, J. Am. Chem. Soc. 2008, 130, 4216-4217 P. Sutter, Nat Mater 2009, 8, 171; A. Reina et al, Nano Lett. 2009, 9, 30; 
C.-Y. Su et al, ACS Nano 2011, 5, 2332; R.S. Ruoff et al Chem. Soc. Rev., 2010, 39, 228; V. Georgakilas et al, Chem. Rev.  
2012, 112, 6156-6214; K.S. Novoselov et al Phys. Scr. 2012, T146, 014006. 

ƸǈǍǊǋƿ ǂǎǂǄǚǄƿ  

ƶǄǒƿ ǘǈǍǊǋƿ 
ǂǑǐǗǌǐǀǚǔǈ 

Ǎǆ ǘǒƿǔǈ 
ǖǑǆǒƿǘǚǎ 

ƱǏǆǀǅǚǔǈ ǋǂǊ ǂǑǐǗǌǐǀǚǔǈ 
ǐǏǆǊǅǀǐǖ Ǖǐǖ ǄǒǂǗǀǕǈ 

ƪǆǒǍǊǋƿ ǂǎǂǄǚǄƿ 

 



 



 



 

• ƦǊƽǎǐǊǏǈ ǎǂǎǐǔǚǌƿǎǚǎ ƽǎǉǒǂǋǂ 

KMnO4 

H2SO4 

22–70 °C 
2 h 

D. V. Kosynkin, et al, Nature 2009, 458 (7240), 872 

ƶ. Ishii, et al Nanoscale 2012, 4, 6553 

• ƱǌǊǋƿ ǔǞǎǉǆǔǈ 

Χ. Yang, et al, J. Am. Chem. Soc. 2008, 130, 4216 



K. S. Novoselov, V. I. Falko, L. Colombo, P. R. Gellert, M. G. Schwab and K. Kim, Nature, 2012, 490, 192 

 



 

IPCE = 1,3%  
ǔǕǂ 420 nm 

N. Karousis, A. S. D. Sandanayaka, T. Hasobe, S. P. Economopoulos, E. 
Sarantopoulou, N. Tagmatarchis, J. Mater. Chem. 2011, 21, 109 



 

IPCE = 2,2%  
ǔǕǂ 420 nm 

N. Karousis, J. Ortiz, K. Ohkubo, T. Hasobe, S. Fukuzumi, Á. Sastre-Santos, N. Tagmatarchis, J. Phys. Chem. C 2012, 116, 
20564 



Graphite  
in NMP 

Exfoliated Graphene  
in NMP 

PI-b-PA 
addition 

Graphene/PI-b-PAA 
in NMP 

CdSβPI-b-PAA/Graphene 
in NMP/H2O 

(i)  CdCl2O8 , H2O 
(ii) Na2S 

 

T. Skaltsas, N. Karousis, S. Pispas and N. Tagmatarchis, Nanotechnology, 2014, 25, 445404. 

ƷǚǕǐǋǂǕǂǌǖǕǊǋƿ ǑǂǒǂǄǚǄƿ Ʃ2 ƷǚǕǐǋǂǕǂǌǖǕǊǋƿ ǂǑǐǊǋǐǅǝǍǈǔǈ RhB  



Aerogel ǂǑǝ ǔǞǎǉǆǕǐ ǖǌǊǋǝ ǃǂǔǊǔǍƾǎǐ ǔǆ ǎǂǎǐǔǚǌƿǎǆǓ ƽǎǉǒǂǋǂ ǋǂǊ ǂǎǈǄǍƾǎǐ ǐǏǆǀǅǊǐ 
ǄǒǂǗǆǎǀǐǖ  (7 ǗǐǒƾǓ ǆǌǂǗǒǞǕǆǒǐ ǂǑǝ Ǖǐǎ ǂƾǒǂ – 160 g / m3)  

Zhang, X. et al, J. Mater. Chem. 2011, 21, 6494 

 

H. Sun, Z. Xu and C. Gao, Adv. Mater., 2013, 25, 2554 

Aerogel ǂǑǝ ǘǈǍǊǋƽ ǕǒǐǑǐǑǐǊǈǍƾǎǐ ƥǒǂǗƾǎǊǐ (12–96 mg cm-3)  



S. Bae, H. Kim, Y. Lee, X. Xu, J.-S. Park, Y. Zheng, J. Balakrishnan, T. Lei, H. Ri Kim, Y. I. Song, Y.-J. Kim, K. S. Kim, B. 
Ozyilmaz, J.-H. Ahn, B. H. Hong and S. Iijima, Nat Nano, 2010, 5, 574 

Roll-to-roll production of 30-inch graphene films for transparent electrodes 

 

8 inch 

Screen 
Printer 



• BASF: ǍǆǌƽǎǊ ǂǑǝ ǄǒǂǗƾǎǊǐ Ǒǐǖ ǕǖǑǟǎǆǕǂǊ ǔǆ ǆǞǋǂǍǑǕǂ ǋǂǌǟǅǊǂ ǄǊǂ 
ǎǂ ǉǆǒǍǂǀǎǆǊ Ǖǂ ǋǂǉǀǔǍǂǕǂ Ǖǚǎ ǂǖǕǐǋǊǎƿǕǚǎ. 
http://smartforvision.basf.com/#lightweight_seat 

• SAAƤ: ǉǆǒǍǂǊǎǝǍǆǎǂ ǋǂǌǟǅǊǂ ǂǑǝ ǄǒǂǗƾǎǊǐ ǄǊǂ Ǖǈǎ ǂǑǐǍƽǋǒǖǎǔǈ Ǖǐǖ 
ǑƽǄǐǖ ǂǑǝ Ǖǂ ǗǕǆǒƽ ǂǆǒǐǑǌƽǎǚǎ.  

A de-icing/anti-icing system including at 
least two conductive structures embedded 
in an article that includes an outer surface 
designed as an aerodynamic surface. 

 

http://smartforvision.basf.com/#lightweight_seat
http://smartforvision.basf.com/#lightweight_seat
http://smartforvision.basf.com/#lightweight_seat


• Lockheed Martin ƾǘǆǊ ǑǂǕǆǎǕƽǒǆǊ  Ǖǐ PerforeneƵΜ, ǍǊǂ ǍǆǍǃǒƽǎǈ ǄǒǂǗƾǎǊǐǖ 
Ǎǆ ǐǑƾǓ  <1nm, Ǒǐǖ ǍǆǊǟǎǆǊ ǅǒǂǔǕǊǋƽ Ǖǐ ǋǝǔǕǐǓ ǕǈǓ ǂǗǂǌƽǕǚǔǈǓ ǎǆǒǐǞ 
ǋǂǊ ǂǎǂǍƾǎǆǕǂǊ ǎǂ ǋǖǋǌǐǗǐǒƿǔǆǊ ǔǕǐ ǆǍǑǝǒǊǐ ǆǎǕǝǓ Ǖǐǖ 2015. 

 

500 ǗǐǒƾǓ ǌǆǑǕǝǕǆǒǐ ǋǂǊ 1000 
ǗǐǒƾǓ ǊǔǘǖǒǝǕǆǒǐ ǂǑǝ Ǖǐ 
ǋǂǌǞǕǆǒǐ ǗǀǌǕǒǐ Ǒǐǖ ǋǖǋǌǐǗǐǒǆǀ 
ǔƿǍǆǒǂ.  

• Head NV:  ƾǘǆǊ ǑǒǐǚǉƿǔǆǊ ǔǕǈǎ ǂǄǐǒƽ ǂǑǝ Ǖǐ 2013 ǒǂǋƾǕǆǓ ǕƾǎǊǓ Ǒǐǖ 
ǑǆǒǊƾǘǐǖǎ ǄǒǂǗƾǎǊǐ 

http://www.head.com/tennis/products
/racquets/tour-speed/?region=eu  

http://www.lockheedmartin.com/us/news/press-releases/2013/march/lockheed-martin-achieves-patent-for-perforene-filtration-solutio.html
http://www.lockheedmartin.com/us/news/press-releases/2013/march/lockheed-martin-achieves-patent-for-perforene-filtration-solutio.html


 

Vor-flex™ 50 - 
Sheet Rubber 

Vor-ink™  
Screen Coating  

Vor-power™  
battery strap 

The ARPA-E awarded Vorbeck a $1.5 million grant to 
develop a lithium sulfur battery for hybrid vehicles. 

'Anti-Theft'  
Smart Packaging 

Vor-x®  graphene     
40 tons/year 



• Ƶǐ ǄǒǂǗƾǎǊǐ ǆǀǎǂǊ ƾǎǂ ǖǌǊǋǝ Ǒǐǖ ǔǖǎǅǖƽǇǆǊ ǑǐǌǞǑǌǆǖǒǆǓ ǊǅǊǝǕǈǕǆǓ 
(ǍǈǘǂǎǊǋƾǓ, ǐǑǕǊǋƾǓ, ǈǌǆǋǕǒǐǎǊǋƾǓ) ǔǕǐ ǍƾǄǊǔǕǐ ǃǂǉǍǝ  ǋǂǊ ǄǊǂ Ǖǐ ǌǝǄǐ 
ǂǖǕǝ ǍǑǐǒǆǀ ǎǂ ǃǒǆǊ ǘǒƿǔǈ ǔǆ ǍǊǂ ǕǆǒƽǔǕǊǂ ǄǋƽǍǂ ǆǗǂǒǍǐǄǟǎ. 

• Η ǆǖǒǆǀǂ ǘǒƿǔǈ Ǖǐǖ ǄǒǂǗǆǎǀǐǖ ǔǆ ǑǒǂǋǕǊǋƾǓ – ǋǂǉǈǍǆǒǊǎƾǓ ǆǗǂǒǍǐǄƾǓ 
ǆǏǂǒǕƽǕǂǊ ǔǆ ǑǐǌǞ ǍǆǄƽǌǐ ǃǂǉǍǝ Ǖǝǔǐ ǂǑǝ Ǖǈ ǅǊǂǅǊǋǂǔǀǂ ǝǔǐ ǋǂǊ ǂǑǝ 
Ǖǈǎ ǆǖǋǐǌǀǂ ǑǂǒǂǄǚǄƿǓ Ǖǐǖ ǋǂǊ ǐǊ ǆǑǊǔǕƿǍǐǎǆǓ ǆǔǕǊƽǇǐǖǎ Ǖǈǎ ƾǒǆǖǎƽ 
ǕǐǖǓ  ǔǕǈǎ ǑǂǒǂǄǚǄƿ ǄǒǂǗǆǎǀǐǖ Ǎǆ ǆǏǆǊǅǊǋǆǖǍƾǎǆǓ ǊǅǊǝǕǈǕǆǓ  ǂǎƽǌǐǄǂ Ǎǆ 
ǕǊǓ ǇǈǕǐǞǍǆǎǆǓ ǆǗǂǒǍǐǄƾǓ.  

• Ƶǐ ǄǒǂǗƾǎǊǐ ǂǏǊǐǑǐǊƿǉǈǋǆ ǍƾǘǒǊ Ǖǟǒǂ ǔǆ ǆǗǂǒǍǐǄƾǓ Ǒǐǖ ǂǑǂǊǕǐǞǎ 
ǆǞǋǐǌǂ ǋǂǊ ǐǊǋǐǎǐǍǊǋƽ ǑǂǒǂǄǝǍǆǎǐ ǖǌǊǋǝ ǝǘǊ ǂǑǂǒǂǀǕǈǕǂ ǖǙǈǌƿǓ 
ǑǐǊǝǕǈǕǂǓ. ΑǎǕǀǉǆǕǂ  ǆǋǆǀǎǆǓ ǐǊ ǆǗǂǒǍǐǄƾǓ Ǒǐǖ ǂǑǂǊǕǐǞǎ  ǖǙǈǌƿǓ 
ǑǐǊǝǕǈǕǂǓ  ǄǒǂǗƾǎǊǐ ƿ ǃǊǐǔǖǍǃǂǕǝǕǈǕǂ ǍǑǐǒǆǀ ǎǂ ǘǒǆǊǂǔǕǐǞǎ ǂǋǝǍǂ ǋǂǊ 
ǅǆǋǂǆǕǀǆǓ ǄǊǂ Ǖǈǎ ǂǎƽǑǕǖǏǈ ǕǐǖǓ. 

 



ƧǀǎǂǊ Ǖǐ ǄǒǂǗƾǎǊǐ Ǖǝǔǐ ΗǉǂǖǍǂǕǐǖǒǄǝΘ  ǟǔǕǆ ǎǂ ǖǑǆǒǎǊǋƿǔǆǊ ǕǊǓ ǝǑǐǊǆǓ 
ǂǍǗǊǃǐǌǀǆǓ ǄǊǂ Ǖǈ ǍǆǕƽǃǂǔǈ ǔǆ ǍǊǂ ǎƾǂ ǕǆǘǎǐǌǐǄǀǂ, ǋƽǕǊ Ǖǐ ǐǑǐǀǐ 
ǔǖǎƿǉǚǓ ǂǑǐǕǆǌǆǀ ǍǊǂ Ǎǂǋǒƽ ǋǂǊ ǅǂǑǂǎǈǒƿ ǅǊǂǅǊǋǂǔǀǂ; 

ƣǒǘǊǋƽ, Ǖǐ ǄǒǂǗƾǎǊǐ ǂǎǂǍƾǎǆǕǂǊ ǎǂ ǔǖǍǃƽǌǆǊ ǔǕǈ ǃǆǌǕǀǚǔǈ ǕǈǓ 
ǂǑǝǅǐǔǈǓ ǋǂǊ ǕǈǓ ǂǑǐǕǆǌǆǔǍǂǕǊǋǝǕǈǕǂǓ ƿǅǈ ǖǑǂǒǘǝǎǕǚǎ ǖǌǊǋǟǎ ǆǎǟ 
ǅǆǎ ǂǑǐǋǌǆǀǆǕǂǊ ǋǂǊ ǈ ǂǎƽǑǕǖǏǈ ǖǌǊǋǟǎ ǔǆ ǔǖǎǅǖǂǔǍǝ Ǎǆ ƽǌǌǐǖǓ 
ǅǊǔǅǊƽǔǕǂǕǐǖǓ ǋǒǖǔǕƽǌǌǐǖǓ (BN, MoS2, WS2, MoSe2, WSe2) Ǒǐǖ ǉǂ 
ǕǂǊǒǊƽǇǐǖǎ ǔǆ ƾǎǂ ǂǋǝǍǂ ǆǖǒǞǕǆǒǐ ǗƽǔǍǂ ǆǗǂǒǍǐǄǟǎ.  
Ʃ ǑǒǂǄǍǂǕǊǋƿ ǆǑǂǎƽǔǕǂǔǈ ǄǊǂ Ǖǐ ǄǒǂǗƾǎǊǐ ǉǂ ǄǀǎǆǊ ǝǕǂǎ ǆǑǊǕǆǖǘǉǆǀ ǈ 
ǆǞǋǐǌǈ ǋǂǊ ǑǐǔǐǕǊǋƿ ǑǂǒǂǄǚǄƿ Ǎǐǎǟǎ ǗǞǌǌǚǎ ǄǒǂǗǆǎǀǐǖ, ǅǊǂǔǕƽǔǆǚǎ  
Ǒƽǎǚ ǂǑǝ 10 mm Ρ ǅǊƽǔǕǂǔǈ Ǒǐǖ ǂǑǂǊǕǆǀǕǂǊ ǟǔǕǆ ǎǂ ǂǏǊǐǑǐǊǈǉǐǞǎ 
ǑǌƿǒǚǓ ǝǌǆǓ Ǖǐǖ ǐǊ ǊǅǊǝǕǈǕǆǓ. 
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