Üldine reaktsioonivõrrand on järgmine:
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kus M on vastav karbiidi moodustav element (metall või mittemetall) ja x,y on stöhhiomeetrilised koefitsendid. Reaktsioonis tekkiva süsiniku struktuur sõltub paljudest parameetritest, millest enamikke on võimalik kontrollida/muuta. Määravaimad on kloreerimistemperatuur ja lähtekarbiidi kristallvõre struktuur. Temperatuuri vahemikus 500-850 °C süsinikmaterjal jäljendab lähtekarbiidi struktuuri. Reaktsiooni käigus eemaldatakse karbiidi moodustava elemendi aatomid kristallvõrest ja järele jääb nanopoorne süsinikskelett.
Carbon produced by extraction of metals from metal carbides is called carbide-derived carbon (CDC). Metal carbide lattice is used as a template and metal is extracted layer-by-layer. By the method described atomic level control is achieved and the structure of the carbon can be templated by the carbide structure, with an opportunity for further structure modification. Microstructure, pore size, pore shape, and surface termination of nanoporous CDC can be precisely controlled by the process parameters and the composition and structure of the initial precursor carbide. Method enables to vary the carbon pore size just adjusting the right synthesis parameters, like temperature, gas flow, reaction time etc. As such, the process allows optimization of nanoporous CDC for various applications. CDC synthesis allows formation of highly porous carbon materials with good mechanical properties
Unique features of CDC:

Varied pore size by process parameters
Controlled nanostructure and crystallinity
Controlled dominating pore size at nano-level
Tuned pore size distribution
Optimized structure and porosity depending on the application
Structure of CDC [image: image2.png]



Microporous amorphous carbons have non-uniform distribution of the curved graphene flakes (left). The High Resolution Transmisson Electron Microscope (HRTEM) picture of carbide-derived carbon as recorded with the transmission electron microscope is shown (right).Carbon atoms have hybridization of sp2, but graphene forms a 3D network.
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CDC material ~ [°C] [m?g!] [em’g!] [em’g!] <11A  <20A  [A]
TiC-600 600 1150 0.53 0.49 70 91 9.3
TiC-800 800 1470 0.71 0.59 50 83 10.2





TChlorin- Temperature of chlorination (powder synthesis)

SA- Specific area

Vp- Volume of porosity per gram

V- Volume of micropores per gram

APS- Average pore size (Measured from N2 adsorption)
Karbiidset päritolu süsinikmaterjalidena olid kasutusel TiC (titaan karbiidist) 600 °C ja 800 °C juures kloreerimisel saadud  süsinik pulbrid. 600 °C juures valmistatud  pulber on oluliselt mikropoorsem: 70 % pooridest on väiksema diameetriga kui 11 Å ja keskmine poori läbimõõt on 9,3 Å. 
The electrolytes used in this study were 1.0 M tetraethylammonium tetrafluoroborate in propylene carbonate and the ionic liquid 1-ethyl-3methyl-imidazolium trifluoromethane-sulfonate EMITf. 
Eksperiment
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= Impregnation with ethanol and heptane
= Rolling of electrode sheets
= Evaporation of additives

= Vacuum owen to remove
adsorbed gases
= Electrolyte injection

= Electromechanical
mesurements





Polymer supported carbon electrode sheet with final thickness 100 m were prepared from CDC powders. Electrode films were prepared from the mixture of 92% (wt.) TiC-derived carbon powder and 8% (wt) PTFE binder polymer (Aldrich, 60% suspension in water) and rolled into to the thin active material sheet with a final thickness of 100 ± 5 m. After treatment with ethanol and heptane the carbon/polymer sheet was rolled stepwise down to the desired thickness, dried in vacuum owen at 170 ºC, and coated from one side with a thin (~2 (m) aluminum layer, using plasma activated physical vapor deposition. Electrode discs of desired size were cut from these sheets and assembled to the sealed cell and impregnated with electrolyte. Simultaneously with displacement measurements the parameters of the actuators were studied by using cyclic voltammetry and electrochemical impedance spectroscopy methods.
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CDC-l baseeruv aktuaator koosneb kahest polütetrafluoroeüleeniga (PTFE) armeeritud mikropoorse struktuuriga süsinikelektroodist, mille vahel paikneb poorne polümeerseparaator. Süsinikelektroodide pind on juhtivuse parandamiseks kaetud õhukese (2-4 m) alumiiniumi kihiga. Elektrolüüdis pundunud materjal asetati surveseibide vahele (P= ~50N/cm2) ja pinge rakendamisel mõõdeti pinnaga ristsuunalist nihet.
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