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DEFINITION 

Nanoporous carbon is a form of carbon processed to have pores producing a high ratio 
between the available surface area and the volume. The size of the pores depends on the 
method used for preparation and are classified (Sing et al. 19851) in micropores (<2 nm), 
mesopores (2-50 nm) and macropores (>50 nm). The term nanopore embraces the above 
three categories of pores, with an upper limit of 100 nm (Thommes et al. 20152). 
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HISTORICAL ORIGIN(S) 

Nanoporous carbon is a form of carbon processed to have pores producing a high ratio 
between the available surface area and the volume. Going back to its ancestors (activated 
charcoal; activated carbon), porous carbons are the oldest adsorbents known, the use of it being 
described in Egypt in 1550 BC (Cooney 19803). In Europe, historical origin of activated carbon 
uses dates before 1900 (Wrench 19314), its primary use being in the purification of drug and 
pharmaceutical products, while the first industrial production of activated carbons in US started 
in 1913 (Baker et al. 19925). Systematic studies of nanoporous carbons (nPorC) began shortly 
after (Debye & Scherrer 19176). 

NANO-SCIENTIFIC DEVELOPMENT(S)  

Today, nPorC can be prepared from organic natural (wood, nutshells, peat, lignite, coal, 
petroleum coke) and synthetic (polyacrylonitrile, polyvinylidene chloride, polyvinyl chloride, 
polyfurfuryl alcohol) and inorganic (metallic carbides) precursors while the pre-treatment of the 
natural precursors generally involves a reaction with a chemical reagent. The activation 
generally involves a thermal decomposition in inert or oxidative atmosphere, while for metallic 
carbides the removal of reaction wastes is conducted with a hydrogenation. These processes may 
be combined in different successions (see Figure 1) for archiving a specific purpose, which is 
generally driven by the size and the distribution of the pores. 
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metallic carbides 

Hydrogenation 
temperature: 400-1200 °C; 
atmosphere: H2; 

polyacrylonitrile, 
polyvinylidene chloride, 

polyvinyl chloride, 
polyfurfuryl alcohol 

wood, nutshells, 
coconut husk, peat, 
coir, lignite, coal, 
petroleum coke 

Impregnation 
NaOH, CaCl2, H3PO4, etc.; 

Pyrolysis 
temperature: 600-900 °C; 
atmosphere: Ar, N2, etc.; 

Oxidation 
temperature: 600-1200 °C; 
atmosphere: O2, H2O, etc.; 

Chlorination 
temperature: 400-1000 °C; 
atmosphere: Cl2; 

Nanoporous carbons composites  
Figure 1. From carbon based materials to nPorC 

 
The macrostructure of the nPorC can be templated (for instance with a mesoporous silica 

template) when the outcome (nPorC) is obtained after a supplementary step (of washing with a 
solvent) for removing the template (for an example please see Jong et al. 20027). Auxiliary 
steps, such as short (15-90 minutes) treatment with NH3 at 400-700 °C temperature may be 
involved having as purpose the increasing of the specific activated surface (as suggested in 
Gogotsi 8et al. 2006 ). 

] m /g. 

When one desires controlled pore size and distribution, then the using of and/or starting 
from templates are the alternatives, when also the tuneable parameters includes a proper 
selection of the oxidative gas. Thus, following the procedure proposed in (Barsoum & Gogotsi 
20049), as heavier the halogen is used (F2, Cl2, Br2, I2), the larger resulted pores is obtained. 

Carbon aerogels, belonging to nPorC, with a very low density (ranging in [0.035, 0.1] 
g/cm3) can be obtained from organic aerogels (for different routes of organic aerogels 
preparation please see Pekala 198910; Pekala et al. 199511; Biesmans et al. 199812; Li & Guo 
200013; Zhang et al. 200314) by following a recipe similar with the one given in Figure 1, 
where the thermal decomposition is conducted with N2 at 900°C in (Czakkelet al. 200515), and 
in CO2 at 950 °C in (Kabbour et al. 200616). It has porosity over 50%, with pore diameter under 
100 nm and surface areas ranging in [400, 1000 2

The thermal treatment plays the essential role in the producing of the nPorC. Following 
table (see Table 1) adapted from (Mohun 195917) provides a terminology of the outcome. 

Table 1. Thermal treatment of materials to obtain nPorC 
Temperature range Outcome 
600-700 °C 'chars', condensed molecular 
700-1000 °C 'cokes', substantial amounts of carbon in disorganised phase 
1000-2000 °C 'baked' carbons 
2000-2500 °C partially graphitized 
> 2500 °C polycrystalline graphite 



 

NANO-CHEMICAL APPLICATION(S)  

The development of nPorC materials are driven by their uses and vice versa. Their 
applications include: 
÷ Filtering purposes, such as are separation, purification and barriers 

o In (Gilbert et al. 198218) nPorC for gas chromatography and high-performance liquid 
chromatography is produced by impregnating a suitable silica gel or porous glass with a 
phenolformaldehyde resin mixture. After polymerisation within the pores of the 
template material the polymer is converted to glassy carbon by heating in an inert 
atmosphere to about 1000 °C. The silica template is then removed by alkali to and 
finally the material is fired in an inert atmosphere at a high temperature in the range 
2000-2800 °C to anneal the surface, remove micropores and, depending upon the 
temperature, produce some degree of graphitization. In (Corbin et al. 200119) nPorC 
with additives including TiO2, SiO2 and ethylene glycol synthesized by pyrolysis of one 
or more layers of polymer containing materials, wherein at least one of the pyrolyzed 
layers is a polymer and additive mixture, on a porous substrate so as to produce a thin 
mixed matrix film with pores for the separation of small molecules. In (Ribeiro et al. 
200820) are provided adsorption equilibrium data of CO2, CH4, and N2 at 299 K to 423 
K temperature and 0 kPa to 700 kPa pressure. 

÷ For storage such as are electricity storage and matter storage 
o Energy storage. In (Oh et al. 200021) is described a method of producing nPorC 

materials with pore sizes from 2 nm to 20 nm, in (Ruffordet al. 200922) a method of 
reacting waste coffee grounds (or sugar cane bagasse) with an activating agent in an 
environment including at least one inert gas, in (Malentin et al. 201223) includes 
additional doping the surface of the pores with nitrogen atoms (>10% N2). 

o Fluids storage. In (Dimeo et al. 200824) is describes the producing of nPorC composite 
having an average pore diameter of less than 10 nm, and when nPorC incorporates 
boron provides a hydrogen storage medium otherwise the use is as a chlorine storage 
medium (when according to the claims, the actual capacity of the porous carbon 
exceeds the capacity of the high-pressure liquid containment volume by approximately 
30%). Also, according to same claims, in addition to chlorine, the approach may be 
applied to other industrial gases. In (Carruthers et al. 201125) is described a nPorC 
prepared for fluid storage, dispensing and desulfurization (claiming a fill density >400 
g/l, measured in gAsH3 at 25°C and 650 mmHg per litter nPorC, or >30% pores sizes 
in [0.3-0.72] nm and >20% micropores < 2 nm or been formed by pyrolysis and 
optional activation, and having density of from 0.80 g/cm3 to 2.0 g/cm3. 

o Solid-like storage. In (Ting et al. 201526) is reported confinement of molecular 
hydrogen in nPorC with characteristics commensurate with solid H2 at temperatures up 
to 67 K above the liquid-vapor critical temperature of bulk H2 occurring at 0.02 MPa 
pressure. 

÷ For transformations such as are as actuator 
o In (Biener et al. 201027) an actuator is designed to include an nPorC aerogel exhibiting 

charge-induced reversible strain, when nPorC is used as an electrode immersed in an 
electrolyte. When a small voltage relative to a reference electrode is applied to the 
nPorC an actuation appears. 

÷ For catalyse such as are the one prospected in (Yu et al. 201028), reviewed in (Su et al. 
201329), and prospected in (Qi & Su 201430). 

÷ For transport, such as of condensed hydrocarbons (Falk et al. 201531). 
Uses of nPorC of continuing importance include catalysis (Sharma 199132), gas masks 



 

(Bakajin et al. 201133) and water treatment (Torad et al. 201434), capture of volatile organic 
compounds (Dziura  et al. 201435) as well as newer includes fuel cell electrodes (Ji et al. 
201036), environmental remediation (Chartier et al. 201437), rechargeable batteries (Zhao et al. 
201538), H2 (Jae et al. 201239) and CH4 (Choi et al. 201640) storage, and controlled drug 
delivery (Sah 41a et al. 2015 ). 

012 ). 

MULTI-/TRANS- DISCIPLINARY CONNECTION(S) 

Along with its use as reinforcements for composites, where the content of NanoC is 
below 5%, and where the integrated performances are based on the matrix materials 
(Ajayan & Tour 200742). 

Assembling NanoC into macroscopic superstructures is a strategy to devise 
multifunctional materials (for further details see Shimoda et al. 200243, Zhou et al. 
200244, Lee et al. 201145, and Wu et al. 2 46

On one hand, zeolites are another group of porous structures and on the other hand, 
are used as templates to provide nPorC. Four zeolites with large cages are given in the 
next table (see Table 2). 

Table 2. Zeolites with large pores 

 
EWT with rings of 21 

also with rings of 10, 6, 5, and 4 
IFU with rings of 20 

also with rings of 14, 12, 8, 6, 5, and 4 

  
ITV with rings of 20 

also with rings of 6 and 4 
CLO with rings of 20 

also with rings of 8, 6, and 4 
For this and other zeolites please see http://izasc.ethz.ch/fmi/xsl/IZA-SC/ft.xsl  

 
It is difficult to evaluate the specific surface area of nPorC (see Stoeckli 199047). A 

series of measurement and estimation strategies were designed including: 
÷ Particle size distribution from diffraction. Laser diffraction spectroscopy 

(monochromatic light from a He-Ne laser can be used) uses the diffraction patterns 
(Fraunhofer diffraction equation, see Stewart & Korff 192848) of the laser beam to 

http://izasc.ethz.ch/fmi/xsl/IZA-SC/ft.xsl


 

measure geometrical dimensions of particles (see Figure 1). Particles of a given size 
diffract light through a given angle increasing with decreasing size (see McCave et al. 
198649). 

 

SampleBeam expanderLaser Diffracted light Detector  
Figure 1. Particle size distribution from diffraction analysis 

 
÷ Specific surface area estimated from experimental measurements. The specific 

surface area can be estimated from experimental measurements using different levels 
of theory (see Table 3). 

Table 3. Monolayer and multilayer site binding models 
Model Langmuir Brunauer-Emmett-Teller 
Labels pA: partial pressure of adsorbate A; 

[S]0, [S], [AS]: concentrations of 
all (initial), free, and occupied sites; 
k1, k-1, Keq: rate and equilibrium constants; 

[AiS] concentration of the sites with i layers of A; 
p, p0: equilibrium and saturation pressures of A; 
v, vm: absorbed A total and monolayer volumes; 

E1, EL: heats for 1st layer and liquefaction; 
Derive A(g) + S(s) AS(s) 

k1pA[S] = v1 = v-1 = k-1[AS] → KeqpA[S] = [AS] 
[S]0 = [S] + [AS] → [AS]/[S]0 = KeqpA/(1 + KeqpA)
Rearranging, 
pA/[AS] = [S]0

-1pA + [S]0
-1Keq

-1 

A(g) + Ai-1S(s) AiS(s) 
kipA[Ai-1S] = vi-1 = v-i = k-i[AiS]  

k1 = exp(-E1/RT), ki = exp(-EL/RT) 
c = exp(E1/RT-EL/RT) 

(p0/p-1)-1v-1 = (vm
-1-vm

-1c-1)p/p0 + vm
-1c-1 

Plots  y = pA/[AS] 

x = pA 
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0

=
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m
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ALangmuir = [S]0·NA·s/m(S) Atotal = vm·NA·s/V0(A); ABET = Atotal/m(S) SSA 

Specific surface area (ALng or ABET): accessible area of solid surface per unit mass of material 
s = cross section (occupied surface area) of one molecule of adsorbate; 
m(S) = mass of adsorbent; NA = 6.023·1023 mol-1; V0(A): molar volume of A; 

 
Extending Langmuir theory (Langmuir 191850) for monolayer absorption to multilayer 

absorption, the Brunauer-Emmett-Teller theory (or BET, see Brunauer et al. 193851) 
assumes (1) gas molecules physically adsorb on a solid in layers infinitely; (2) there is no 
interaction between each adsorption layer; and (3) the Langmuir theory can be applied to each 
layer (see Table 3). A modified BET technique has been adopted as ISO-9277:2010 (ISO 
201052) and as ASTM-D6556-14 (ASTM, 201453). 
÷ Qualitative surface analysis with microscopy. Scanning electron microscopy (see Figure 

2) is involved for porosity visualization (see for instance Liu et al. 201654). 
 e- + ↕ ↕ D1 SD2

Visualizer 
 

Figure 2. Porosity visualization with scanning electron microscopy 



 

÷ Profiling from X-ray scattering (see Figure 3). Small angle X-ray scattering brings 
information about phenomena impacting large distance range such as pore filling, and 
wide angle X-ray scattering is used to study short (interatomic) distances (Trognko et al. 
201555). 

Analyzer
 

Figure 3. X-ray scattering for profiling 
 

÷ Mercury's porosimetry and liquid nitrogen physisorption. Within a vacuum, mercury is 
intruded at high pressure into the sample (by using a porosimeter, see Figure 4). The pore 
size is determined based on the external pressure needed to force the liquid into the 
sample (Abell et al. 199956). Similar experimental device is used for liquid N2 absorption 
at -196°C (Oschatz 201457). Derived parameters includes total pore surface area, pore 
size distribution, and total pore volume. 

 

pg ≈ 0; 
σHg,20°C ≈ 480mN/m; 
θHg ≈ 138° [135-142]; 
Dpore = 4·σHg·cos(θHg)/(pg-pl) 

Figure 4. Porosimetry from mercury absorption 
 

÷ Measurement of the heat of adsorption. Adsorption heat can be obtained from 
heating/cooling profile (see Figure 5) with an absorbed reference gas (such as n-butane, 
see Wollmann et al. 201258) into the pores. The specific surface area can be retrieved 
after a calibration with reference materials (Wollmann  et al. 201159). 

 
 T [K]

t [s] 
ν 

[cm-1]  
Figure 5. Porosimetry from thermal measurements 

OPEN ISSUES  

A series of models were designed to estimate the absorption space, specific surface 
area as well as the pore sizes distribution. For further details please see (Emmett 194860), 
(Dubinin 196061) and (Biggs & Buts 200662). 

RELATED LIST OF ABBREVIATIONS 

So-called nanocarbons refer graphitic materials with at least one dimension below 100 nm: 
fullerenes, nanodiamonds (diamonds with a size below 1 μm), nano-onions (onion like carbon), 



 

CNTs (carbon nanotubes, single walled - SWCNT and multi-walled - MWCNT), nanofoams, 
graphene, nanofibers, nanoribbons, etc. (see see Figure 6). 

 

 

 
 

 

 
Fullerene Nanotube Graphene  Nanofoam 

Rings of 5 and 6 Rings of 6 Rings of 6 and 7 
Figure 6. Nanocarbons 
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