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Abstract 

Objective: Respiratory filters are usually filled with crushed activated carbon, in 

order to absorb harmful substances, such as hydrocarbons. Additionally, a bulk 

catalyst or reactive material is employed, e.g. to remove carbon monoxide. This 

requires filter systems of considerable size, as the bulk material needs to be loosely 

packed to allow for unhindered air flow. As respiratory filters are already constructed 

using various layers of nonwoven textiles, incorporation of a material capable of 

reactive absorption on the textile may allow for considerable reduction of the size of 

respiratory filters, or alternatively, the improvement of the efficiency of such filters. 

The reactive function is incorporated into the textile by immobilizing small particles 

with reactive functions on the textile surface. 

 

Method: Zinc oxide and Iron(III)oxide are investigated for their efficiency in 

eliminating hydrogen sulfide from the surrounding air. Two different methods for 

immobilizing the catalytic particles are investigated: Firstly, the textile substrate is 

impregnated with an acrylate binder and the particles are infiltrated into the textile 

using an apparatus that disperses the particles in airflow and uses negative pressure 

to distribute them evenly onto the textile, where they are immobilized by the binder. 

 

 

Secondly, alkyl silanes are used as linker molecules between particles and the textile 

in a HT-process. 

  
Figure 1: Apparatus for infiltration of particles 



 

 

Vinyltriethoxysilane is grafted onto the polypropylene nonwoven after initiation by 

dicumylperoxide in a HT-process akin to the dyeing of polyester. The amount of 

silane used needs to be small and closely monitored because excess silane will cover 

the active surface of the reactive particles.  

 
Results and discussion: The reactive absorption of the particles themselves was 

investigated first by infrared spectroscopy. The amount of hydrogen sulfide present 

in the test chamber was monitored over 10 minutes. Ideally, the H2S would be 

oxidized without producing (harmful) intermediate products or by-products. 

It was found that bulk Fe2O3 was much more effective in reducing H2S levels (none 

could be detected after 10 minutes) than bulk ZnO. However, ZnO reduction of H2S 

did not result in any by-products, while the reduction using Fe2O3 produced SO2 and 

another compound that was tentatively identified as COS (Carbonylsulfide) by the 

absorption-band observed around 2050 cm-1. 

Investigation of the particle loaded filtration media showed different results. 

 

Figure 2: Grafting of silane onto polypropylene, immobilization of catalytic 

particles on textile surface 

Figure 3: Textile impregnated with acrylic binder and 

infiltrated with metal oxide particles 



 

 

The FTIR-spectrum of the ZnO-acrylate sample showed a peak corresponding to the 

substance suspected to be COS, where measurement of the bulk particles had not 

shown such products. The absorption of H2S only reached approx. 40%. The 

absorption rate of H2S also depends on the binder used, with a difference between 

two binders as high as 30%. Out of the binders tested, PrintPerfect 226EC had the 

highest reduction in H2S levels, but also the smallest air permeability (which is 

undesirable for the intended use as respiratory filters). The samples impregnated 

with Fe2O3 showed good activity for H2S. Both COS and SO2 are present as by-

products of the conversion of H2S. In this sample, total absorption/reactive 

conversion of H2S could be reached, which surpasses the reactive absorption 

capabilities of all ZnO samples.  

In the last step, the Fe2O3 particles were immobilized using the HT-technique 

described above. Three different concentrations of vinyltriethoxysilane were tested.  

It was found that the smallest concentration tested showed the highest catalytic 

conversion of H2S, thus implying that all additional silane only covered the surface of 

the particles (and thereby hindered catalytic activity). The Fe2O3-silane sample 

reached a reactive absorption rate of about 73 %, thereby greatly surpassing the 

absorption capability of all ZnO-samples (but less effective than the Fe2O3-acrylate 

sample). As a side effect of the small quantities of silane used, the sample with the 

highest absorption also showed the highest air permeability (which is desirable for 

the intended use in respiratory filters). The side-products COS and SO2 were still 

present, albeit in much smaller quantities than in the Fe2O3-acrylate sample. 

 

In conclusion, it was more advantageous to use Fe2O3 than ZnO as the particulate 

absorber, because ZnO could not reach the absorption levels required for the 

intended application. Concerning the method of immobilisation (acrylate binder or 

silane-grafting), the experiment showed that the acrylate binder with Fe2O3 reached 

higher absorption rates, but produced much more by-product than the silane-

grafting system. 

While COS as a by-product of the oxidation of H2S can be found in literature (Yang 

et al. 2008), the disappearance of SO2 in the Fe2O3-silane sample has not yet been 

conclusively explained. 
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