
The Supelco® brand has a total of 75 carbon intermediates that 
are utilized combined or stand-alone in different analytical devices. 
These carbons are highly customizable, provide high capacity, 
synthetic, and reusable which differentiates them from activated 
charcoal. These carbons are categorized below.

Carboxen® and Carbosieve® are amorphous carbon molecular 
sieves suitable for permanent gas analyses and small molecule 
analysis at high pressures (16,000-20,000 psi), for volatile organic 
compound analysis using air sampling tubes, and for extracting 
small molecules from aqueous samples for SPE analyses.

Carbopack™ and Nanocarbons are graphitized carbon blacks. 
These carbons are effective for separating volatile, semi-volatile, 
and non-volatile compounds for gas chromatographic analyses, and 
for extraction of semi-volatile and non-volatile compounds from 
aqueous samples for SPE applications. Carbopacks typically can 
withstand 400 psi only, but are effective adsorbents for separation 
of semi-volatiles and non- volatiles in air sampling applications.

Graphsphere™ are graphitized polymer carbons, and represent an 
additional benefit over the graphitized carbon blacks due to their 
spherical particle shape  in packed bed systems. Graphsphere™ 
is also non- friable; it can withstand superior pressures (16,000- 
20,000 psi) when used in packed bed systems in gas and 
liquid applications. The uniformly defined graphite surface 
provides unique selectivity for both chromatography and sample 
preparation.

All four families of carbons and all carbon containing devices 
are processed at the Supelco® site in Bellefonte, USA. For those 
research groups that are investigating new applications, these 
carbons are also available in family kits containing either carbon 
molecular sieves, graphitized carbon blacks or graphitized polymer 
carbons.

Carbon properties
Particle size distribution - The particle size range of all the carbons 
is 200 nm to 850 µm; therefore, the particle size distribution can 
be tailored to a specific application.

Pore size distribution - The pore structure of all our carbon 
adsorbents can be modified to possess ultramicropores (pore 
diameter less than 7 Å) to macroporous with pore diameters 
larger than 500 Å. The plots in Figure 1 show the N2 adsorption 
isotherms at 77 K for different adsorbents. Type I isotherms as 
seen with Carbosieve® S-II are characteristic of microporous 
materials, while mesoporous materials such as Carbopack™ X 
show a hysteresis loop characteristic of a mesoporous material. 
Non-porous materials, such as Graphsphere™, show very low 
adsorption values.

 

Figure 1. N2 Adsorption isotherms for Supelco® carbons.

Multiporous carbons are also available; these carbons contain 
different pores with various sizes. An overlay of representative 
examples of four families of carbons which have different pore 
size distributions is shown in Figure 2. On the y-axis of this figure, 
the specific volume of nitrogen gas fitted at a pore size interval is 
plotted against the pore size/width in the x-axis. Micropores are 
defined as pores below 20 Å, mesopores are those pores between 
20-50 Å, and pores larger than 50 Å are considered macroporous. 
Figure 2 shows the pore size distributions of various carbons 
containing either micro, meso and/or macro pores. Carbosieve® 
S-II is a microporous only carbon with an apex at 8 Å, while 
Carboxen® 1000 is a multiporous carbon that contains both micro 
and macropores. Carbopack™ X is a mesoporous only carbon 
while Graphsphere™ has pores mostly in the macropore region. 
Microporous carbons such as the Carbosieves and Carboxens have 
larger surface areas and provide larger capacities compared to 
macroporous carbons like Carbopack™ and Graphsphere™.

Figure 2. Pore size distributions (PSD) and surface areas (m2/g) for 

representative Supelco® carbons.

Example Applications  
of Supelco® Carbons

Gas Chromatography
Supelco® microporous carbons can be used in packed columns 
for the separation of permanent gases such as N2 and O2. 
Carbosieve® S-II and Carboxen® 1000 effectively separate air in 
6 ft x 1/8 in stainless steel packed columns (see Figure 3). Lateral 
diffusion of gas molecules is significant in packed columns, and 
because of this phenomenon, the diameter of the column can 
affect the separation efficiency and is balanced by optimizing the 
particle size.

Figure 3. Separation of air using chromatographic columns packed with 
Carbosieve® S-II and Carboxen® 1000.

The use of 180-250 µm particles in a 4.8 m x 3.18 mm packed 
column has the same retention time as a 30 m x 0.53 mm ID 
PLOT column with 2 µm particles adhered to the side walls [i.e., 
porous layer open tubular (PLOT)] (see Figure 4), although the peak 
width will be wider. In Figure 4, the red chromatogram represents 
the signal from a thermal conductivity detector and the black 
chromatogram represents the signal from a methanizer/flame 
ionization detector (FID).

 

 

Figure 4. Separation of permanent gases and light hydrocarbons with a 

Carboxen® 1010 PLOT column.

 

Sample preparation
SPE - These carbon adsorbents are also be widely used in sample 
preparation techniques. Carbon removes matrix interferences in 
SPE cartridge applications, so a clean sample can be injected and 
precisely analyzed by HPLC or GC. For this application, carbons with 
larger particle and pore sizes like Carbopack™ and Graphsphere™ 
are effective for cleaning samples without retaining the molecules 
of interest. ENVI-Carb™ and ENVI-Carb™ Y are carbons from the 
family of Carbopacks that are used in SPE products such as ENVI-
Carb™ and Supel™ QuE Verde, respectively. ENVI-Carb™ is highly 
effective in removing chlorophyll and carotenoids; similarly, the 
product Supel™ QuE Verde removes chlorophyll and gives a high 
recovery of planar pesticides (see Figure 5).

Figure 5. Recoveries of planar pesticides for different QuEChERS brands 
compare to Supel™ QuE Verde.
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column: Carboxen® 1010 PLOT, 30 m x 0.53 mm I.D., 
30.0 µm (Cat. No. 25467)

oven: 35 °C (7.5 minutes) to 250 °C at 24 °C/minute

injector: 200 °C

detector: TCD/methanizer-FID, 230 °C

flow: Argon, 3.0 mL/min

valve: 150 °C

injection: 10.0 µL valve injection

sample: transformer gas for ASTM method D3612-96

HIGH PURITY CARBON ADSORBENTS FOR SAMPLE  
PREPARATION AND CHROMATOGRAPHIC APPLICATIONS

The diversification of chromatographic applications across industries has increased demand for flexible, reliable, and high performance carbon 
adsorbents. Supelco® Analytical Products has a 40+ year history of innovation in carbon adsorbent research and product development starting 
first with high purity Supelco® carbon adsorbents for gas chromatographic packed columns followed by specialty carbons developed for 
thermal desorption tubes and then carbons used in solid phase extraction (SPE) cartridges. In response to later analytical application demands, 
Supelco® carbons were created to make porous layer open tubular (PLOT) columns as well as solid phase microextraction SPME fibers. Most 
recently, Supelco® carbon technologies include nanocarbons for electronic applications.
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Environmental Laboratory
Solid phase microextraction (SPME) - Carbons with particle 
sizes of 2.0 µm have been adhered, using a patented adhesive, 
to SPME fibers for the extraction of organic compounds from 
aqueous and atmospheric environments (see Figure 6).

 

Figure 6. SPME  
fiber with 
Carboxen® 1006.

Air sampling
Single bed and multi-bed carbon adsorbent tubes have become 
significant tools for air sampling analysts. One example is the 
Carbotrap® 300 3-bed tube (i.e. Carbotrap® C, Carbotrap® B and 
Carbosieve® S-III) which was the first tube developed for the US EPA 
for monitoring toxic, volatile, and semi-volatile organic compounds 
(see Figure 7). The development of a 2-bed tube containing 
Carbopack™ B and Carboxen® 1000 was key for the 61 compounds 
list of airborne contaminants established later by the EPA.

Figure 7. Multi-bed tube for air sampling (Carbotrap® 300).

Additional efforts with the EPA focused on the development 
of a single bed tube containing a mesoporous graphitized 
carbon black, Carbopack™ X, for 72-hour passive sampling of 
1,3-butadiene and various other airborne organic compounds 
(see Figure 8).

 Figure 8. Carbopack™ X passive sampling tube data.

Conclusion
Supelco has a 40+ year commitment to carbon adsorbent 
research and product development. Evidence of this can be 
seen in our high purity, specialty carbon adsorbents, which are 
currently used for

•  Collection media in air sampling devices

•  Packings in SPE hardware, purge traps, and GC columns

•  Purification of gas or liquid streams

•  Recovery of synthesized compounds from reaction mixtures

•  And many more exciting applications

If you are interested in a new adsorbent and know the target 
physical specifications (surface area, porosity, pore diameter, 
particle size range, etc.), let us know and we can investigate 
the possibility of manufacturing it. You can also try one of our 
ready-made sample kits, which you can find at SigmaAldrich.com/
carbon

However, most requests require a specialty carbon adsorbent that 
can perform a specific task. In that case, tell us the type of sample 
(gas, liquid, or paste) you are working with, what analytes you 
want to adsorb and analyze, and if there is a need to recover the 
analytes after adsorption. Our R&D group will investigate whether 
an existing adsorbent is appropriate, or if a new adsorbent needs 
to be developed.

To learn more about our portfolio of specialized carbon 
adsorbents download the “Supelco® Specialty Carbon 
Adsorbent” brochure

To request a quote, contact Supelco_Quotes@sial.com

Leading scientists discuss regulatory and analytical  
issues concerning persistent halogenated pollutants

LCTech, manufacturer of automated robotic systems for the clean-up of food, feed 
and environmental samples, recently held a 2-day international forum on the topic of 
halogenated persistent pollutants (FoHP 2019) at the Science & Study Center of the 
Technical University of Munich in Raitenhaslach / Burghausen.

The first day of the event focused primarily on dioxins and PCBs. Analysis sensitivity 
was a significant point of discussion, even though sensitivity was already increased by a 
factor of 500,000 compared to the sensitivity applied to the first measurements taken 
over 40 years ago. The trigger for this discussion was the EFSA (European Food Safety 
Authority) re-evaluation of the toxicological risk posed by dioxins / PCBs and associated 
significant reduction of the Tolerable Weekly Intake (TWI) by a factor of 7. The experts 

from both governmental and private laboratories discussed in depth what type of strategies might be employed in order to achieve these lower 
limits. Conflicting consequences of any new regulations or the problematic communication to the normal end user regarding the negative rating 
of organic products such as eggs, meat and fish were two other items included in the discussions. Furthermore, the far-reaching consequences of 
lowering the TEF (Toxicity Equivalency Factor) from 0.1 to 0.01 for dl-PCB 126 on the movement of goods were addressed.

The next point of discussion centered around the comparatively heterogeneous group of brominated flame retardants (BFRs - Brominated Flame 
Retardants), such as PBDEs, HBCDD, TBBPA, BPs and PBBs. Particularly considered were the potential toxicological importance, analysis methods, 
and occurrence in food. Current results of respective interlaboratory tests were also presented. While the detection of PBDEs is generally well 
established in laboratories, other compounds such as HBCDD or the new BFRs clearly require optimisation. Moreover, BFRs became the subject of a 
controversial debate with regard to their benefits (fire retardation) and their damaging effects (spread in the environment / toxicological potential).

The final lectures on the first day gave an insight into the challenges of sample preparation and analysis of industrially produced chloroparaffins 
(CPs). Due to their production from paraffins via radical chlorination, several million different structural isomers could be formed, making it difficult 
for certified reference materials being made available. Nevertheless, options for purifying CP samples could be demonstrated. This included the 
successful determination of the overall CP sum parameter and the differentiation between individual short chain CP (SCCP), medium chain CP 
(MCCP), and long chain CP (LCCP) fractions.

The second day of the event was dedicated to the polyfluorinated and perfluorinated alkyl substances (PFAS). This is an industrially used group of 
substances that comprises around 4,000 compounds and is currently the focus of discussion not only in many parts of Germany but also globally. 
The background for this topic lies in the worldwide use of PFAS, and their spread in air, soil and especially water where they show high persistence 
due to the very stable CF bonds. In addition, two key representatives, namely PFOA (perfluorooctanoic acid) and PFOS (perfluorooctanesulfonate), 
incurred a toxicological reassessment by the EFSA. According to the EFSA, both compounds show a ten-fold higher toxicity than previously thought 
and accordingly need to be regulated at a lower levels. As was experienced in the past with dioxins, similar challenges now arise for the PFAS 
analysis, for safe-level consumer recommendations, and also for necessary optimisations of e.g. sewage treatment plants or plants for drinking 
water treatment. All scientists unanimously agreed that both the use and the distribution must be minimized globally.

In summary, a total of 77 opinion-forming and leading scientists from 14 nations participated in the Forum on Halogenated Pollutants. The positive 
tone of the meeting was already set the day before with an informative city and castle tour and a social get-together in the evening. All participants 
were highly complementatry about the “Stone Hall” of the monastery complex of the TUM Science & Study Center Raitenhaslach, where the 
lectures were held. A tour of the remarkable premises of the prelate post was spontaneously offered by employees of the Technical University of 
Munich, which further contributed to the positive impression of the venue. All in all, important current and future topics were discussed at the 
event, and all participants also took away a positive memory of the beautiful city of Burghausen and its historical background.
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Learn the impact 
of sample prep 
processing on the 
analysis quality

Read Milestone’s new book entitled “Microwave 
Green Extraction”, written by Prof. Richter of 
the Chicago State University, that focuses on 
the fundamental theory of extracting an analyte 
from a sample matrix and underline how modern 
extraction techniques, like microwave assisted 
extraction (MAE), plays a pivotal role in maximising 
the efficiency of your extraction process.

The biggest problem with organic trace analysis is 
isolating the single compound of interest from the 
rest of the organic soup. Despite the sophisticated 
arsenal of analytical instrumental techniques 
available, samples must still undergo some type of 
pretreatment because the sample matrices often 
are not compatible with the  
modern instrumentation.

This additional pretreatment component for 
modern analysis makes the determination of trace 
organic analytes challenging for analytical chemists.

More information online: ilmt.co/PL/9X3v
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