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1. Summary 

Radic8 wish to test the gas adsorption efficiency and capacity of two filter types. Ammonia 

and acetaldehyde (analogue to formaldehyde) are tested as challenge gasses. The filters 

are tested horizontally and vertically. 

The tests are performed according to ISO 11155-2:2009.  

 

2. Conclusion 

The two types of gas adsorption filters were tested against two challenge gasses ammonia 

and acetaldehyde (as an analogue to formaldehyde) with a challenge concentration of 

about 30 ppm.  

The test configurations and the adsorption capacities at 90 minutes are summarized in 

Table 1. 

 

Table 1: Summary of measured adsorption capacities.  
 

Filtertype Contaminant Orientation Filter capacity in 90 min, mg 

TACZ Ammonia vertical 303.0 

TACZ Ammonia horizontal 349.0 

TACZ Acetaldehyde vertical 580.9 

TACZ Acetaldehyde horizontal 615.1 

AC Ammonia vertical 42.5 

AC Ammonia horizontal 59.9 
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3. Materials and method 

The following materials have been used in the evaluation. 

• Radic8 filters: 

o TACZ: Treated Activated Carbon and Zeolite filter, T20x299x245mm 

▪ Serial number 202207152673-30pcs 

o AC: Activate Carbon Filter 80%, 299*245*20T 

o The area of filled compartments of the filters are 281mmx235mm=660 cm2 

• Flow controllers (20 L/min + 100 mL/min) 

• Flow calibrator, GilAir Gilibrator max 30L/min 

• Pressurized air and nitrogen 

• Custom stainless steel holder and nitrile foam for mounting of the filter  

3.1. Measurement instrument 

Innova (Lumasense Technologies, Innova 1512 photoacoustic analyser) measures a wide 

range of gases/vapors. Its measurement system, based on the photoacoustic infrared de-

tection method, is capable of measuring gasses that absorbs infrared light. Gas selectivity 

is achieved through the use of optical filters. In this work, Innova is used to measure online 

concentration (ppm) of ammonia, with a detection limit of 0.2 ppm and acetaldehyde, with 

a detection limit of 0.04 ppm.  

 

3.2. Performed tests 

The configurations of the tests are shown in Table 2. 

 

Table 2: Summary of the configurations of the performed tests 

 

 

 

  

Test name Filter type Orientation Contaminant Preconditioning 

        hours 

Ammonia on TACZ 1, vertical TACZ vertical Ammonia >14 

Ammonia on TACZ 2, horisontal TACZ horizontal Ammonia >14 

Acetaldehyde on TACZ 1, vertical TACZ vertical Acetaldehyde >14 

Acetaldehyde on TACZ 2, horisontal TACZ horizontal Acetaldehyde >14 

Ammonia on AC 2, vertical AC vertical Ammonia >14 

Ammonia on AC 3, horisontal AC horizontal Ammonia >14 
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3.3. Test setup and protocol  

The target face velocity is 5.33 cm/s and a sample area of 48 cm2 is chosen which result 

in a flow of 15.4 L/min or equivalent to 0.92 m3/h. The sample area is hexagonal to align 

with the structure of the tested filters, se Figure 2. The total area of filled compartments 

of the filters are 660 cm2, hence the test area and test flow rate are scaled with a factor of 

13.7. The depth of the filters is 2 cm. 

The target concentration of the challenge gas is about 30 ppm for ammonia and about 30 

ppm for acetaldehyde. The humidity of the challenge gas is set to 50+/-5% RH. 

The challenge gasses were evaporated from a diluted solution containing about 1% using 

a diffuser in a gas washing bottle.  

 

 

 

  

 

 

Figure 1. Test setup. Nitrogen was bubbled through a diffuser in a gas washing bottle containing 
0.9% ammonia or 0.8% acetaldehyde and mixed with pressurized air. The mixture is led through an 
stainless steel holder, while exit gas concentration after the box is measured online by Innova.  
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Figure 2: Pictures of the setup. Left) assembled stainless steel holder with filter installed. Right) 

Nitrile foam mask on top of filter with the hexagonal structures aligned. 

 

The developed protocol: 

1. Setup is built and tested for leaks. Dilution air flow is calibrated to 15.4 L/min 

2. Two stock solutions are made: 0.9% ammonia and 0.8% acetaldehyde 

3. Ammonia 0.9% or Acetaldehyde 0.8% (150 mL) is added to a gas washing bottle 

(500 mL) 

4. Dilution air flow is adjusted to 15.4 L/min 

5. The humidity is checked to be 50% +/-3% 

6. Innova started to measure Ammonia or Acetaldehyde  

7. The desired nitrogen flow (40-70 mL/min) is bubbling through the solution to the 

desired concentration of 30-35 ppm. 

8. The system is left to equilibrate for a minimum of 15 min 

9. The filter is mounted in the holder, and exit and input tubes are installed 

10. Exit concentration is measured using Innova over the desired time span of 90 min  

11. The holder is uninstalled 

12. Input concentration, flow, and humidity of the challenge gas is checked 

13. Flows are stopped  

 

The following adaptions to the standard ISO 11155-2 are used:  

• One of the used challenge gasses are Acetaldehyde which is used as substitute for 

Formaldehyde according to Table D.1 in ISO 11155-2. Formaldehyde has a low 

boiling point of -19°C compared to acetaldehyde of 20°C, which means that formal-

dehyde is harder to adsorb in the material, hence the higher concentration of 30 
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ppm, compared to the initially suggested 10ppm, can be justified. Table D.1 in ISO 

11155-2 also suggests a challenge concentration of acetaldehyde of 30 ppm. 

• Conditions for humidity for challenge gas is 50% +/- 5% (section 5.1 in ISO 11155-

2 states 50% +/- 2%). A relative humidity span of +/-2% including the measure-

ment uncertainty is considered unnecessarily narrow. 

• Conditions for preconditioning of filter is at a relative humidity of 40% +/- 5% (sec-

tion 9 in ISO 11155-2 states 50% relative humidity but no span on this value is 

defined.) and temperature of 23.7°C+/-0.4°C (The standard states 23°C but again 

no span on this value is defined.) 
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3.4. Test conditions 

The conditions of the tests are shown in Table 3.  

 

Table 3: Summary of the test conditions. *The pressure loss of the filters is measured for only one 
sample of each type of filters. 

Test name Date 
Flow 
rate 

Room  
Temperature 

Room 
pressure Pressure loss* 

    m3/h °C mbar Pa 

Ammonia on TACZ 1, 
vertical 28-09-2022 0.91 24 994 80 

Ammonia on TACZ 2,  
horisontal 30-09-2022 0.93 23.7 1005 80 

Acetaldehyde on TACZ 1, 
vertical 03-10-2022 0.92 23.7 1018 80 

Acetaldehyde on TACZ 2, 
horisontal 03-10-2022 0.92 23.7 1018 80 

Ammonia on AC 2,  
vertical 29-09-2022 0.95 23.4 1005 30 

Ammonia on AC 3,  
horisontal 29-09-2022 0.95 23.4 1005 30 
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4. Summary of tests and results 

Results of the conducted tests are summarised below in Table 4. 

The remaining efficiency after 30 minutes and 90 minutes are calculated based on the 

difference between the exit concentration at a given time compared to the challenge gas 

concentration.  

The adsorption capacity is found as “the area above” the exit concentration curves. The 

calculation is done by subtracting the exit concentration from the challenge concentration 

to get the adsorbed concentration for a given time. This is multiplied with the conversion 

factor from ppm to mg/m3 (ammonia is 0.70 mg/m3 /ppm and acetaldehyde is 1.81 mg/m3 

/ppm) and the flow rate in m3/h to yield the adsorbed contaminant per time in mg/h. This 

value is then integrated over the 90 minutes test time to give the total adsorbed contam-

inant in mg. 

The bypass is a measure of the amount of challenge gas that is passing directly through 

the filter without interacting with the adsorption medium. It is formally the exit concentra-

tion at 0 minutes but due to a slight lag in the measurement system (especially for am-

monia) it is extrapolated as the exit concentration at 10 minutes minus the slope at 10 

minutes (ppm/min) * 10 min. 

 

Table 4: Summary of the test results. *The scaled adsorption capacity is for tested area the of 
48cm2. 

Test name 

Challenge  
Concen-
tration 

Efficiency 
@ 30min 

Efficiency 
@ 90min 

Scaled 
capacity  

in 90 min* 

Filter  
capacity  
in 90 min Bypass 

  ppm % % mg mg % 

Ammonia on TACZ 1,  
vertical 32.9 71.8 61.4 22.1 303.0 14.6 

Ammonia on TACZ 2,  
horisontal 32.5 83.9 68.7 25.5 349.0 7.6 

Acetaldehyde on 
TACZ 1, vertical 33.7 52.9 36.8 42.4 580.9 12.5 

Acetaldehyde on 
TACZ 2, horisontal 36.4 51.0 40.0 44.9 615.1 26.3 

Ammonia on AC 2,  
vertical 29.6 9.9 3.1 3.1 42.5 47.5 

Ammonia on AC 3,  
horisontal 33.0 11.4 1.1 4.4 59.9 28.2 
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5. Detailed results 

The exit concentration of the Ammonia tests on TACZ filters is shown in Figure 3 and Figure 

4 in vertical and horizontal orientation, respectively. 

The exit concentration of the Acetaldehyde tests on TACZ filters is shown in Figure 3Figure 

5 and Figure 6 in vertical and horizontal orientation, respectively. 

The exit concentration of the Ammonia tests on AC filters is shown in Figure 3Figure 7 and 

Figure 8 in vertical and horizontal orientation, respectively. 

 

The exit concentration of the Ammonia tests on TACZ and AC filters in vertical orientation 

is shown in Figure 9. 

The exit concentration of the Ammonia tests on TACZ and AC filters in horizontal orien-

tation is shown in Figure 10. 
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Figure 3: Exit concentration of ammonia on TACZ filter tested vertical. The input concentration is 

measured < 0 min and > 95 min. 

 

 

Figure 4: Exit concentration of ammonia on TACZ filter tested horizontal. The input concentration is 

measured < 0 min and > 95 min. 
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Figure 5: Exit concentration of acetaldehyde on TACZ filter tested vertical. The input concentration 
is measured < 0 min and > 180 min. 

 

 

Figure 6: Exit concentration of acetaldehyde on TACZ filter tested horizontal. The input concentration 
is measured < 0 min. 
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Figure 7: Exit concentration of ammonia on AC filter tested vertical. The input concentration is meas-
ured < 0 min. 

 

 

Figure 8: Exit concentration of ammonia on AC filter tested horizontal. The input concentration is 
measured < 0 min. 
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Figure 9: Exit concentration of ammonia on TACZ and AC filters tested vertical. The input concentra-
tion is measured < 0 min. 

 

 

Figure 10: Exit concentration of ammonia on TACZ and AC filters tested horizontal. The input con-

centration is measured < 0 min. 
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Figure 11: The measured exit concentration of formaldehyde in test 1-a with a challenge concen-
tration of 2.5 mg/m3. The orange line is 0.37 mg/m3 (the occupational exposure limit). 

 

 

 

 


