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Carbon Adsorbents for Air Sampling, GC and other analytical uses. Composition and 
role of physical parameters Mike Buchanan, GC Product Manager  Bill Betz, Sr. Research Chemist Klaus Buckendahl, Sales Development Sample Preparation Europe 

The widespread analytical use of carbon adsorbents is for the 
most part due to their versatility, which is possible because 
both physical and chemical properties of the carbon particle 
can be manipulated to optimise its adsorptive behavior. Physical 
properties include crystallinity of the carbon framework, surface 
area, particle size and shape, and pore shape, size and size 
distribution. Chemical properties include surface modifications 
and the extent of graphitization.  The understanding and control 
of both physical and chemical properties are critical to create 
selective, efficient and reproducible materials.

Classes of carbon adsorbents for analytical 
applications 
Although many carbons derived from natural sources, such 
as coconut charcoal, are acceptable for routine non-analytical 
applications, carbons derived synthetically have generally more 
tightly controlled physical and chemical properties and are more 
suitable for analytical applications. The two common classes 
of analytical synthetic carbons are graphitized carbon black 
and carbon molecular sieves. They differ in their manufacture 
and particle morphology and in their resulting properties and 
application areas.

Graphitized carbon black
The hallmark of graphitized carbon black (GCB) is the organised 
nature of the carbon sheets, a result of heating at temperatures 
above 2500°C. GCB particles are generally non-porous and 
their entire surface is available for interactions that depend 
solely on dispersive (London) forces. The high temperature 
graphitization process gives a high purity carbon material that 
ensures effective desorption of the analytes of interest.  Supelco 
offers Carbopack™ and Carbotrap™ GCB products, which 
differ primarily in particle size and resulting application area.  The 
ENVI-Carb™ line is designed for SPE applications. 

Carbon molecular sieve
Carbon molecule sieves (CMS) are prepared by the pyrolysis 
of a polymeric particle precursor. As opposed to graphitized 
carbon black, carbon molecular sieves are porous and have 
an amorphous carbon framework. The pores, which include 
micro-, meso- and macropores, make CMS materials suitable 
for adsorption of very small molecules (C2-C5). Unlike inorganic 
molecular sieves, CMS are not as susceptible to be deactivated 
by moisture or CO2 from the sample or gas stream. Supelco 
offers Carboxen™ and Carbosieve™ CMS products, which 
differ in their pore structure. The high purity of these CMS 
products is a result of using high purity starting polymers, and 
makes them very effective in the desorption of adsorbed analytes 
for quantification.

Important carbon properties
Adsorption is a surface phenomenon, so parameters that 
influence the ability of analytes to access and interact with the 
surface must be considered and controlled. The packed bed 
efficiency influences the elution volume, so factors that affect 
efficiency must also be considered.

Particle size and shape: Influencing pressure drop in the 
packed bed, the particle size versus tube diameter is an important 
measurement.  A dp/dc range of 0.10 - 0.25 is effective.  Particle 
shape affects mass transfer and convection.

Surface area:  Surface area is directly proportional to the amount 
of analyte that can be adsorbed. However, the distribution 
of surface area between the different pore structures has a 
profound influence on adsorption strength and capacity, and 
must be considered over the total surface area.

Pore size:  Pores are any cavity present on a solid surface 
which has a depth:width ratio of ~10:1 Classified as macropore 
(> 500Å), mesopore (20 - 500Å) and micropore (< 20Å), 
pore size influences the molecular size of analytes that can 
be adsorbed/desorbed using the material and, because pore 
diameter contributes to mass transfer, the efficiency of the 
resulting separations.
  
Pore shape:  Pore shape affects the diffusivity of analytes within 
the pores.

Surface chemistry:  Although seemingly homogenous, carbon 
surfaces undergo both non-specific and specific interactions 
with analytes. The arrangements of the carbon layers, the 
hybridization state of the carbon atoms within the rings and any 
modifications, such as hydroxylation and sulfonation, contribute 
to these interactions. GCB and CMS carbons have different 
surface chemistries, a result of the starting materials, synthesis 
methods and graphitization processes. GCB carbons possess no 
interactions to weak interactions, whereas CMS carbons possess 
weak interactions (if not graphitized) that typically do not require 
modification/deactivation. It is possible to alter the surface 
chemistry of any of the carbons for specific applications.

The physical characteristics of some Supelco carbon adsorbents 
are given in Table 1.

Table 1.  Physical characteristics of Supelco carbon adsorbents

Carbotrap Kit (20/40 mesh graphitized carbon black)

Carbotrap F 5 0.69 - - - -

Carbotrap C 10 0.68 - - - -

Carbotrap Y 24 0.45 - - - -

Carbotrap B 100 0.37 - - - -

Carbotrap X 240 0.43 - 0.62 - 100

Carbopack Kit (60/80 mesh graphitized carbon black)

Carbotrap F 5 0.64 - - - -

Carbotrap C 10 0.68 - - - -

Carbotrap Y 24 0.42 - - - -

Carbotrap B 100 0.35 - - - -

Carbotrap X 220 0.18 - 1.73 - 255

Carbotrap Z 240 0.41 - 0.62 - 100

Carbon Molecular Sieve Kit

Carboxen -1016 75 0.40 - 0.34 - -

Carboxen -569 485 0.58 0.20 0.14 0.10 5 - 8

Carboxen -10212 600 0.62 0.30 - - 5 - 8

Carboxen -10182 675 0.60 0.35 - - 6 - 8

Carbosieve -5-1112 975 0.61 0.35 0.04 - 4 - 11

Carboxen -1003 1000 0.46 0.38 0.26 0.28 5 - 8

Carbosieve G 1160 - 0.49 0.02 - 6 - 15

Carboxen -1000 1200 0.48 0.44 0.16 0.25 10 - 12

Carboxen -1012 1500 0.50 - 0.66 - 19 - 21

 

Adsobent BET surface 
area1

(m2/g)

Density 
(g/mL)

Porosity (mL/g) 
micro- meso- macro-

Micropore
Diameter

(Å)

G
C

15

1 Brunauer, Emmett, Teller (BET) surface area calculations; 2 microporous, monoporous carbon 
sieve.




