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The current trace contaminant control subassembly (TCCS) aboard the International 

Space Station (ISS) includes a packed bed containing Barnebey-Sutcliffe Type 3032 (BS-3032) 

activated carbon to control ammonia levels in cabin air. The activated carbon encounters trace 

amounts of volatile organic compounds (VOCs) which enter the cabin through material 

offgassing, human metabolism, and crew activities. As part of an effort to address BS-3032 

commercial obsolescence, two candidate replacements—Ammonasorb II and Chemsorb 

1425—were tested in the presence of VOCs to examine the effects of these compounds on 

ammonia adsorption capacity. Gas streams containing acetone, ethanol, toluene and ammonia 

were generated to challenge each sorbent at 40% relative humidity (RH) and 23°C. These 

ersatz mixtures were delivered to test beds at two flow rates, a key parameter affecting mass 

transfer kinetics. Results were compared to previous pure component tests using only 

ammonia. The presence of VOCs decreased adsorption capacity of Ammonasorb II, especially 

at low flow rates, and had no effect on Chemsorb 1425 capacity at either flow rate. 

Nomenclature 

BS    =  Barnebey-Sutcliffe  

ECLS   = Environmental Control and Life Support  

FTIR  = Fourier Transform Infrared Spectroscopy  

GAC  = Granular Activated Carbon  

HVLA  = High Velocity, Low Aspect Ratio 

ISS   =  International Space Station  

LPM  = Liters Per Minute 

MFC  = Mass Flow Controller 

ppm  = parts per million 

RH   = relative humidity 

SMAC  =  Spacecraft Maximum Allowable Concentration  

TCCS  = Trace Contaminant Control Subassembly 

VOC   =  Volatile Organic Compound  

I. Introduction 

OLATILE organic compounds (VOCs) are chemicals that have a high vapor pressure under standard conditions; 

thus, they change from the solid or liquid state to gas at a relatively fast rate. These gases are emitted by various 

sources ranging from synthetic materials to biological organisms such as plants, bacteria, and humans. While VOCs 

are normally diluted in terrestrial buildings or vehicle cabins which are constantly mixed with outside air, in a closed 

environment such as a spacecraft these chemicals can build up to toxic levels if not controlled.4 Ammonia and other 
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VOCs found in the International Space Station (ISS) are produced 

mainly by human metabolism and materials offgassing (Table 1).2,4,9  

Traditionally, spacecraft use activated carbon to keep these 

potentially toxic gases from exceeding NASA’s Spacecraft Maximum 

Allowable Concentrations (SMACs).2 The ISS trace contaminant 

control subassembly (TCCS) employs a packed bed of granular 

activated carbon (GAC) to remove VOCs and ammonia.1 Barnebey-

Sutcliffe Type 3032 (BS-3032) is an acid impregnated GAC which is 

currently used in the ISS TCCS. 

Because production of BS-3032 was discontinued, multiple 

sorbents are being tested as potentially suitable replacements.6, 8 

Previous work measured sorbent removal capacities for ammonia 

under dry and humid conditions with no other contaminants present. 

From the results of this testing the two highest capacity sorbents, 

Ammonasorb II and Chemsorb 1425, were chosen for further analysis. 

To increase understanding of how these GACs behave under realistic 

conditions, ammonia adsorption capacities were measured under 

different flow rates and in the presence of VOC mixtures representative 

of ISS cabin air (Table 1: acetone, ethanol, and toluene). Testing 

mixtures helps to determine which VOCs may contend for adsorption 

sites and reduce ammonia adsorption, leading to larger TCCS bed size 

to meet design requirements. 

II. Materials and Methods 

Ammonasorb II and Chemsorb 1425 are acid impregnated coconut shell activated carbons that were designed for 

adsorption of ammonia and amines.6 These sorbents are being tested as potential replacements for the commercially 

obsolete BS-3032, which is currently used in the ISS TCCS. 

A. Sorbent Containment Method 

Thermal desorption tubes (Part #786003, Scientific Instrument Services (SIS), Ringoes, NJ) with an inner diameter 

of 4 mm were used as the containment to test each sorbent. Small diameter tubes were used to reduce test duration 

while maintaining low velocity and high aspect ratio conditions. To achieve this, large granules were crushed to less 

than 3 mm using a mortar and pestle and dust was removed. Using two glass wool plugs to hold the sample in place, 

50-60 mg of crushed sorbent was loaded into each desorption tube and the height measured to ensure an aspect ratio 

between 3-5. Next, the tubes were loaded into a thermal desorption conditioning system (Model # CS-1, SIS, Ringoes, 

NJ) where dry nitrogen at 100°C was used to remove any moisture adsorbed during storage. A final mass was recorded 

to determine the amount of dry sorbent. The tubes were capped and stored in a desiccant chamber until use.  

B. Volatile Organic Compound Challenge 

The open-loop sorbent test bed used in this study is depicted in Figure 1. A Gas Standard Generator (Model 491M-

B, Kin-Tek Analytical, La Marque, TX) was used to generate a continuous stream of VOCs. Two additional modules 

(491M-PM) were connected in series and run at varying temperatures to achieve 1-2 ppm of acetone and toluene and 

6-8 ppm ethanol. This stream was then combined with humid N2 to reach ISS relative humidity of approximately 40%. 

A low flow of 1400 ppm ammonia was then added to achieve NH3 concentrations of 2-50 ppm. Using a sorbent bypass 

loop, this final mixture was pumped through a Fourier transform infrared (FTIR) spectrometer (Model DX4040, 

Gasmet Technologies, Finland) to analyze its composition, and flow rates and temperatures adjusted to achieve desired 

concentrations of each component. This simulated ISS stream was then routed through the sorbent tubes at rates of 

0.5-0.7 LPM for low flow and 1.1-1.3 LPM for high flow tests. The flow velocities, or flow rate divided by cross 

sectional area of the flow path, were 80 cm/s and 165 cm/s for low and high flow, respectively. Only two flow rates 

were chosen due to time constraints, and relatively high velocities were used in order to decrease the duration of each 

test. The same procedure was used for the runs using only ammonia, with the Kintek VOC stream shut off. 

Table 1. Equipment Offgassing and 

Crew Metabolic Contaminant Loads.9  
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C. Ammonia Removal Characterization 

The ammonia concentration was measured by the FTIR after the gas stream passed through the sorbent at a sample 

rate of 20 seconds, and the run was 

completed when NH3 concentrations 

reached a steady state. The amount of 

ammonia removed was found by solving 

for the area between the breakthrough 

curve and the challenge concentration, i.e. 

the concentration before passing through 

the adsorbent (Fig. 2). This value is 

calculated using the following Riemann 

sum: (C0-C)*Q*t where C is the 

concentration at the time of sampling, C0 

is the challenge concentration, Q is the 

flow rate, and t is the time between each 

sample. These values are summed over 

the duration of the run to determine the 

total amount of ammonia removed and 

this value divided by the mass of sorbent 

used to give a capacity in milligrams NH3 

adsorbed per gram of sorbent. 

 
Figure 1. Diagram of Open-Loop Sorbent Testbed. Dry Nitrogen is humidified to 40 %RH and mixed with 

ammonia, acetone, ethanol, and toluene. Additional Kintek oven modules were set to different temperatures to 

achieve desired concentration of each VOC. This stream flows through a packed sorbent bed and analyzed with a 

FTIR spectrometer until concentrations reach steady state. 

 

 
Figure 2. Chemsorb 1425 Breakthrough Curve. Once the ammonia 

concentration reaches equilibrium, the sorbent has reached its 

maximum adsorptive capacity. Solving for the area between the 

breakthrough curve (green) and challenge concentration (red) gives the 

adsorption capacity in mg/g. Run at 40% RH and 23°C. 
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D. System Pressure Considerations 

The possibility of creating a pressure drop across the bed may induce local changes in pressure within the sorbent 

that may affect capacity, and these changes may become prevalent at higher flow rates. Unit conversions from partial 

pressure to concentration assume standard temperature and pressure, i.e. 25 °C at 1.01 kPa (1 atmosphere). At 

pressures greater than 1.01 kPa, the gas is compressed while the mass of contaminant remains constant. This results 

in an actual contaminant concentration that is higher than the calculated concentration, which could be a source of 

error in determining sorbent capacity. Using Boyle’s Law P1V1 = P2V2 and the definition of concentration as the ratio 

of mass and volume (C = m/V), we find that the increase in concentration is directly proportional to the increase in 

pressure, C2/C1=P2/P1. This relationship can be used to find the adjusted concentration values, and the corresponding 

change in adsorption capacity, for a range of pressures. This effect was studied using Polanyi potential A = 

(Tk/Vm)*Log(Cs/Ci), where A is the adsorption potential, Tk is the temperature in Kelvin, Vm is the molar volume of 

the liquid contaminant at its boiling point, and Cs and Ci are the saturation and equilibrium concentrations, 

respectively. The potential A was recalculated assuming a change in pressure results in a corresponding change in Ci, 

and the change in adsorption capacity, C’, was calculated from a known Polanyi potential plot for Cabot Norit GCA48, 

a commercial activated carbon.5, 12 

III. Results 

A. Pressure Corrections  

The effects of a possible pressure bias were calculated for a range of expected pressures (Fig. 3). A pressure drop 

of 6.89 kPa (1 psi) across the sorbent bed would result in a 2% increase in calculated adsorption capacity. The pressure 

drop in this experiment is predicted to be closer to 0.689 kPa (0.1 psi), resulting in a 0.09% increase in capacity. 

Therefore, it was determined that this is not a significant source of error. 

B. BS-3032 Performance 

Figure 4 depicts the NH3 removal capacity of BS-3032 as a function of NH3 inlet concentration. Low flow rates 

are plotted in green and high flow rates in blue, and the gas streams containing VOCs are shown as dashed lines. At 

high flow rates, NH3 removal rises from ~15 mg/g at 5 ppm NH3 to 27 mg/g at 50 ppm NH3 (blue lines). In contrast, 

the NH3 removal at low flow with no VOCs rises from ~23 mg/g at 5 ppm NH3 to 40 mg/g at 50 ppm NH3 (green 

solid line). For low flow rates with VOCs, the capacity rises from ~15 mg/g at 5 ppm to 40 mg/g at 50 ppm (green 

dashed line). The presence of VOCs for high flow runs reduced capacity at high concentrations, whereas the effect of 

VOCs on low flow runs was more prominent at low concentrations. 

 
Figure 3. Change in Capacity vs. Pressure Drop. Change in capacity (C’/Co) for GCA-48 is plotted for 

a range of pressure drops. The expected pressure drop for this test bed is 0.1 psi, resulting in a 0.02% 

increase in capacity. 

 

 

 



 

 

International Conference on Environmental Systems 
 

 

5 

 

C. Ammonasorb II Performance 

In contrast to BS-3032, Fig. 5 shows that the NH3 removal capacities of Ammonasorb II at high flow rates (blue 

lines) are higher than at low flow rates (green lines). The presence of VOCs reduced the capacity at high flow rate by 

about 5 mg/g at all NH3 concentrations. In addition, the presence of VOCs significantly reduced NH3 removal capacity 

at low flow rates (green dashed line). This behavior is similar to that of BS 3032, as VOCs cause a greater reduction 

 

Figure 4. BS-3032 Capacity. BS-3032 capacities for high flow (blue) and low flow (green), 

with VOCs (dashed lines) and without VOCs (solid lines). The presence of VOCs for high flow 

runs had a greater effect at high concentrations, whereas the effect of VOCs on low flow runs 

was more prominent at low concentrations. Run at 40% RH and 23°C. 

 

 

 

 
Figure 5. Ammonasorb II Capacity. Ammonasorb II capacities for high flow (blue) and 

low flow (green), with VOCs (dashed lines) and without VOCs (solid lines). At low flow 

rates, capacity is greatly reduced in the presence of VOCs. At high flows this reduction is 

much smaller. Run at 40% RH and 23°C. 
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at low flow, except that the effect is much larger and is not diminished at high NH3 concentrations for Ammonasorb 

II. This implies that Ammonasorb II adsorbs more VOCs at lower flow rates, leaving less sorption sites for ammonia.  

D. Chemsorb 1425 

Figure 6 shows that removal capacity of Chemsorb 1425 as a function of NH3 challenge concentration is also 

higher at high flow rates (blue lines) than at low flow rates (green lines). Ammonia removal increased from 

approximately 20 mg/g at low flow rates (green) to 30 mg/g for high flow rates (blue) at low ammonia concentrations. 

These relations were not affected by the presence of VOCs. This implies that Chemsorb 1425 has a low capacity for 

VOCs under these test conditions, leaving more sorption sites open for ammonia. At 50 ppm NH3 the capacity was 

not affected by flow or VOCs, thus all test conditions gave capacities of approximately 50 mg/g. 

IV. Discussion  

It is important to note that the VOC concentrations, sorbent particle size, and flow velocities in this study were 

chosen to reduce the duration of each run and not to mimic ISS conditions exactly. Typically, ISS contaminant 

concentrations are low, and running these tests at those concentrations would take many days to saturate 50 mg of 

sorbent. Contaminant concentration and flow velocity were raised to increase the rate of sorbent loading, and sorbents 

were crushed to reduce the volume while maintaining similar aspect ratios to the ISS TCCS. This allows a large 

number of data points to be collected in order to characterize and rank these acid impregnated activated carbon 

sorbents, but the effect of these changes must be determined in order to accurately size a full scale packed bed. 

The most meaningful datasets acquired for determining TCCS bed size are experiments run in the presence of VOCs 

to mimic what may occur in ISS cabin air. Figure 7 compares these results at high flow for BS-3032, Ammonasorb II, 

and Chemsorb 1425. BS-3032 and Ammonasorb II capacities are comparable at low NH3 concentrations, whereas 

Ammonasorb II gains a slight lead at higher NH3 concentrations. Chemsorb 1425 performs best at all concentrations 

(this holds true for low flow rates as well). This is most likely due to its low affinity for adsorption of background 

VOCs. 

 

Figure 6. Chemsorb 1425 Capacity. Chemsorb 1425 capacities for high flow (blue) and low flow (green), 

with VOCs (dashed lines) and without VOCs (solid lines). At high NH3 concentrations, neither flow nor VOCs 

have a large effect on capacity. At low concentrations, flow rate has the largest impact and VOC effects are 

miniscule. Run at 40% RH and 23°C. 
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Chemsorb 1425 performed better than BS-3032 or Ammonasorb II because its NH3 removal was not affected by 

the presence of other VOCs. However, it shows a higher removal capacity at high flow rates than at low flow rates. 

This differs from what is expected for a physical adsorption mechanism, where higher capacities are observed at low 

flow rates and greater contact time, because NH3 removal in acid impregnated carbons occurs primarily via 

chemisorption10. The mechanisms of the increased NH3 capacity at higher flow rates for Ammonasorb II and 

Chemsorb 1425, and the reversal of this effect in BS-3032, are unknown at this time an require further investigation. 

V. Conclusions and Future Work 

The capacity of Chemsorb 1425 is approximately double that of BS-3032 under the test conditions closest to ISS 

values (Fig. 7), which could significantly reduce sorbent bed size and thus the launch mass for TCC systems. The data 

also shows ammonia removal rates at concentrations higher than those seen in cabin air (>5 ppm) (Figs. 4-7). 

Accounting for pressure drop across the sorbent beds in this study resulted in a change in adsorption capacity of less 

than 3%, so errors from assuming isobaric conditions were small.  

The data collected here uses commercial sorbents that are crushed to smaller particle sizes to reduce run time for 

each experiment, as well as increased VOC concentrations and flow velocities. As the ISS packed sorbent beds use 

uncrushed GACs under different operating parameters, future work should ensure that these relationships hold for 

larger particle sizes. 
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Figure 7. High Flow with VOC Sorbent Comparison. A comparison of the adsorption capacity of all three 

sorbents. VOC runs were selected for this comparison as they mimic flight conditions most closely. Ammonasorb 

capacity was slightly higher than BS-3032 at higher concentrations. Chemsorb 1425 outperformed Ammonasorb 

II and BS-3032 at all concentrations. Conditions: 1.2 L/min, 40% RH and 23°C. 
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