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Abstract

The use of carbons in processes requiring trace level purification of gas-
phase systems and liquid-phase systems has become increasing effective 
due to the tailoring of high performance carbon adsorbents. The ability to 
synthesize spherical carbons with particle sizes ranging from 0.3 µm to 
1000 µm, with pore structures ranging from ultramicroporous to macro-
porous is important for this optimization to meet specific process purification 
requirements. The use of packed carbon beds and carbons bonded to 
specific substrates, using two proprietary, patented adhesives, has provided 
for a wide range of purification processes to be realized. 
For gas phase applications, multiporous carbon adsorbents has become 
effective due to the kinetics of the pore structure. Multiporous particles have 
proven useful in both static and dynamic gas-phase purification processes. 
For example, high purity, spherical multiporous carbons have been 
determined to be effective for purifying gas streams containing hydrocarbon 
impurities ranging from C2-C20 hydrocarbons. 
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Abstract (contd.)

For liquid phase applications, the use of large surface area, microporous
carbons have been used for the removal of organic pesticides and herbicides 
from aqueous matrices. Also, multiporous carbons have been used for the 
purification of pharmaceutical process streams. The surface chemistry of the 
carbons have also been modified to effectively remove specific impurities 
when required.
Nitrogen porosimetry, helium pycnometry, inverse gas chromatography 
(IGC) and inverse liquid chromatography (ILC) techniques were used to 
study the carbons. Adsorbent capacities and reversible adsorption 
characteristics have been determined using the respective sample
preparation processes.
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Introduction
The preparation of high-purity carbons, to meet the specific needs of analysts 
requiring trace level removal of impurities, is the focus of this presentation. 
Specifically, the evaluations of carbon molecular sieves with tailored pore 
structures are discussed. The use of inverse gas chromatography (IGC) was 
utilized as the analytical tool to study the chosen carbons for gas phase 
applications (1). First, the use of specifically tailored carbons for solvent 
trapping in GC capillary split vent systems is described. Also, the tailoring of a 
series of carbons for removing light hydrocarbons and dichloromethane from 
gas streams is presented. The carbons chosen for this study possess the same 
particle size distribution, and the pore structures have been tailored to 
determine a correlation between the pore widths of the carbon adsorbents and 
their removal performance.  
The same tailored carbons for trace level removal of impurities in liquid phase 
applications have also been investigated. The use of inverse liquid 
chromatography (ILC) has been utilized to study these tailored carbons (2). 
The removal of toxic impurities such as phenol is the focus of this set of 
experiments. The carbons chosen for this study possess the same particle size 
distributions, and again the pore structures have been tailored to study the 
correlation between the carbon physical properties and their performance.
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Experimental
I. Gas Phase Removal of Solvents for Split Vent Trap Systems

The preparation of a series of polymer carbons entailed the synthesis of 20/45 
mesh polymers to produce similar mesh porous carbons.The carbons were 
packed in glass split vent traps with the following dimensions: 12 cm L x 1.7 cm 
I.D. with ¼” connections. 
The experimental approach adopted for this evaluation entailed the use of 2 
independent, automated GC systems. The first system was an autosampler/GC 
system designed to inject 2.0 µL of the adsorbate (i.e., solvent) into a capillary 
inlet port to facilitate the splitting of the solvent to the appropriate split vent trap. 
A typical split flow of 55 mL/min (0.46 cc/sec) was utilized. The effluent stream 
of the split vent trap was transferred to the second automated GC system.  
The second GC system consisted of an automated injection/gas sampling valve 
which automatically injected a sample of the split vent trap effluent to a packed 
GC column for subsequent analysis of the solvent concentration in the effluent 
stream. 
A control was established with an empty trap to obtain the 100% breakthrough 
volume (detector output). The number of injections prior to a 10% breakthrough 
was chosen as the reported data point, and the polymer carbon data was 
compared to commercially activated charcoal. 
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Experimental

Figure 1. Data for Gas Phase Removal of Solvents 
for Split Vent Trap Systems 
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Experimental (contd.)

Live area for full-page graphic

II. Gas Phase Removal of Light Hydrocarbons 
The preparation of a series of carbons was performed using 60/80 mesh
porous carbon molecular sieves (3 carbons).
The carbons were packed in 2’ x 1/8” stainless steel packed columns.
The columns were installed in a GC with a gas sampling valve inletting
system. The columns were conditioned at 225 °C for 4.0 hours prior to 
testing at the subsequent isothermal temperatures.
The IGC data were generated at 25 °C, with a linear velocity of 10.8 cm/sec
(optimum for N2 as the carrier gas). See Tables 2 and 3, and Figure 2.
The physical properties of the carbons are presented below in Tables 1 
and 2. The textural properties of the carbons (i.e., surface areas, pore 
volumes pore diameters and helium densities) of the carbons were
generated using Micromeritics ASAP 2020 and 2010 porosimeters, and a 
Micromeritics Accupyc 1330 Helium Pycnometer (3).
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Experimental (contd.)

Table 1. Textural Data for the 3 Tailored Carbons

( ) ( )

Carbon 1 35.7 82.1 156.0
Carbon 2 29.7 61.9 124.9
Carbon 3 33.2 85.7 172.8

Retention Time (minutes)
Acetylene

Retention Time (minutes)
Ethylene

Retention Time (minutes)
Ethane

Table 2. IGC Data (Elution Point) for the 3 Tailored Carbons 
(25 °C at 10.8 cm/sec)

Average Micropore Diameter Surface Area Total Pore Volume Helium Density
Physical Properties of the 3 Carbons Micropore Description (angstroms) (m2/g) (cc/g) (g/cc)

Carbon 1 closed 4 to 7 410 0.51 1.7671
Carbon 2 open > 10 1200 0.85 1.7474
Carbon 3 open 7 to 8 1000 0.75 1.8185
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Carbon 1 0.728 1.675 3.182
Carbon 2 0.606 1.263 2.548
Carbon 3 0.677 1.748 3.521

Specific Retention Volume (L/g)
Acetylene

Specific Retention Volume (L/g)
Ethylene

Specific Retention Volume (L/g)
Ethane

Experimental (contd.)

Table 3. IGC Data for the 3 Tailored Carbons 
(25 °C at 10.8 cm/sec)
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Figure 2. Surface Area versus IGC Retention Times
Retention Time Ethane (minutes) 
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The data presented in Tables 2 and 3, and Figure 2 indicate that a surface 
area increase does not correlate with the retention times or volumes (i.e., 
adsorption strength) of the analytes (i.e., adsorbates) of interest. The 
tailoring of the pore diameters relative to the molecular diameter of the 
adsorbates is critical.
For example, the molecular area of ethane is 23.5 Å2, therefore the inter-
action (condensation) of the ethane molecule in a 10 Å pore width is 
significantly increased, relative to a 12 Å pore width. 
For significantly larger molecules such as dichloromethane, with a molecular 
area of 27.1Å2 the adsorption strength is significantly increased, which 
results in an IGC retention time of 94 minutes (retention volume = 47 L at
0.5 L/min.). See Figure 3.

Experimental (contd.)
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Figure 3. IGC Retention Data (Elution Point) 
for Carbon 3

Experimental (contd.)
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In addition to the “working pore” diameters of the carbons, the presence of 
larger pores to access the smaller/working pores, has been well 
documented (4). The presence of larger pores provides for improved mass 
transfer, therefore the challenge velocity becomes insignificant. The 
example below illustrates the improved mass transfer (10-4 slope) for the 
van Deemter plots for the carbons possessing micropores (i.e., working 
pores for this experiment) as well as mesopores and/or macropores. See 
Figure 4.
The 3 carbons chosen for both the IGC and ILC studies all possess 
macropores, mesopores and micropores. The micropores in these studies 
are considered the working pores, as noted in changes to the micropores 
resulting in a change in retention characteristics.

Experimental (contd.)
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Figure 4. C-term (Mass Transfer Indicator) 
Differences Between Carbon with Micropores
only, Mesopores/Micropores and Macropores/
Mesopores/Micropores 

Experimental (contd.)
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III.  Liquid Phase Removal of Aromatic Impurities 
The preparation of a series of carbons for this liquid phase experiment 
entailed the use of the 3 tailored carbons used in the IGC study.
The carbons were packed in 23 mL plastic cartridges connected to an 
HPLC pump at the inlet, and an HPLC detector at the effluent end.
The columns were challenged with a continuous challenge concentration 
of the chosen analyte in an aqueous mobile phase.
The data are presented in Figures 5, 6, 7, 8 and 9.  

Experimental (contd.)
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Figure 5. ILC Retention Data (Challenge Point) for 
Carbons 1, 2, and 3 (desorption curves illustrated)

Experimental (contd.)



17
0 10 20 30 40

Time (min)
0 10 20 30 40

Time (min)
0 10 20 30 40

Time (min)

Carbon1

Carbon 2

Carbon 3

Figure 6. ILC Retention Data (Challenge Point) for 
Carbons 1, 2, and 3 (no desorption curves illustrated)

Experimental (contd.)
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0 10 20 30 40
Time (min)

24.3 min* 0.048 l/min = 1.16 l

1.16 l * 2.00 g/l = 2.32 g

2.32 g / 23 mL = 0.10 g/mL 

Figure 7. Challenge Point Breakthrough Graph 
for Phenol with Carbon 1 Cartridge

Experimental (contd.)
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Figure 8. Challenge Point Breakthrough Graph 
for Phenol with Carbon 2 Cartridge
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32.8 min * 0.045 l/min = 1.48 l

1.48 l * 2.00 g/l = 2.96 g

2.96 g / 23 mL = 0.13 g/mL

Experimental (contd.)
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34.7 min * 0.050 l/min = 1.75 l

1.75 l * 2.00 g/l = 3.50 g

3.50 g / 23 mL = 0.15 g/mL

Figure 9. Challenge Point Breakthrough Graph 
for Phenol with Carbon 3 Cartridge

Experimental (contd.)
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Again, the surface area of the porous carbons does not correlate directly 
with the adsorbate breakthrough. For this experiment, the breakthrough, or 
capacity, indicates that a similar trend exists with the 3 carbons for both ILC 
(Phenol) and IGC (C2 hydrocarbons). 

Experimental (contd.)
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Conclusions

The analytical techniques of IGC and ILC were chosen to evaluate the 
purification characteristics of 3 different tailored carbon molecular sieves. 
These analytical tools provide an effective understanding of the
thermodynamic and kinetic properties of porous solids with respect to the 
adsorbates of interest. These analytical techniques also provide a bridge of 
understanding between textural data (i.e., static measurements) and 
dynamic purification applications.
The results indicate that the pore diameter characteristics of the porous 
solids are the primary variables to control the adsorption strength, and not 
the surface area data. Since nitrogen surface area measurements below 
20 Å are actually volume measurements, large surface area data can be 
misleading when adsorption strengths need to be considered. 
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