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Extended abstract 

As a driving force of next-generation's cars, fuel cell is expected because the cell 

produces no CO2 and other toxic gases by combustion. H2 gas is used for driving the 

cell, but H2 gas produced by most of industrial methods contains at least 10 ppm of 

CO gas. To drive fuel cell efficiently, the removal of such small amount of CO is 

important in the view point of keeping the long life of fuel cell catalyst. In this paper, 

an attempt has been done to prepare a unique nonwoven fabric filter for the removal 

of CO contained in H2 gas. Mainly, polypropylene (PP) nonwoven fabrics were used 

as base material fiber. Various kinds of Fe-porphyrin derivatives, which are well 

known as useful CO catchers, were grafted on nonwoven PP fabrics by electron beam 

grafting method [1]. First, it was confirmed that the aqueous solution of Fe-

porphyrin derivatives acts as a good CO catcher after reduction treatment. The Fe-

porphyrin grafted nonwoven PP fabrics were activated by treatment with an 

appropriate reducing agent before CO absorption. Hemin-grafted polypropylene 

nonwoven fabric shows sufficient CO catching effect. 

 

1. Introduction 

It is well known that haemoglobin can catch not only the oxygen gas, but also carbon 

monoxide (CO). Using the characteristic, an attempt has been done to prepare a 

useful filter to remove CO gas contained in hydrogen gas produced at industrial scale. 

Such kinds of filters are expected to drive fuel cell motors of next generation’s cars 

efficiently and with keeping a long life time of the catalyst. To give a CO-adsorption 

property, several kinds of Fe-porphyrin derivatives were grafted on polypropylene 

non-woven fabric by using electron beam grafting method. 

 

2. Experimental 

2.1 Materials  

As base fabrics, polypropylene (PP) and polyethylene terephthalate (PET) nonwoven 

fabrics were selected. They were used after normal scouring. They are normally 



 

 

inactive against chemicals. However, the PP fabric is better than PET fabric for 

electron beam grafting because radicals are formed much easier on PP materials. 

As Fe-porphyrin derivatives, Fe-porphyrins having carboxyl, amino or hydroxyl 

groups were first tried to graft on nonwoven fabrics with or without crosslinking 

compounds. Secondly, hemin having two reactive vinyl groups was used (Fig. 1).  

To reduce the Fe-porphyrin derivatives, different kinds of reducing compounds such 

as ascorbic acid or hydrazine were used without further purification. 

 

 

 

2.2 Electron beam graft polymerization of porphyrin-derivatives 

Electron beam grafting of porphyrin derivatives was carried out using a laboratory 

machine, CURETRON, NHV Corporation. Accelerating voltage of the machine was 

250 keV. Electron dose was varied from 20 kGy to 100 kGy. 

Mainly two methods were examined; one of them is pre-irradiation method and the 

other one is mutual (direct) method shown in Fig. 2 (a) and (b), respectively. In the 

pre-irradiation method, first, the nonwoven fabric was irradiated by EB to produce 

radicals in/on fabric. After, the fabric was immersed in a solution of Fe-porphyrin 

derivatives and heated up to the appropriate temperature to proceed with the graft 

polymerization. 

In the mutual method, the nonwoven fabric was immersed in a solution of Fe-

porphyrin derivatives and then the fabric was irradiated by EB to proceed with the 

graft polymerization. In both cases, the fabric was kept in a PET bag to avoid 

exposure to air. 

 

 

 

 

 

 

 

Figure 1. Structure of Hemin 



 

 

 

 

2.3 Estimation of CO absorption 

CO gas absorption by the prepared nonwoven fabric was carried out using a simple 

apparatus prepared by ourselves (Fig. 3). The sample was put in a tetra bag and 

defined amounts of CO gas were introduced in the bag. After a certain time the 

concentration of the bag was determined using CO gas detector tube. 

Figure 2. Two different methods for EB-grafting of nonwoven fabrics (a) Pre-

irradiation method, (b) Mutual(direct) method 



 

 

 

3. Results and discussion 

3.1 The effect of solvent on graft polymerization 

First, the effect of the solvent to prepare hemin solution is investigated. Relatively 

high grafting was obtained in the cases of DMSO and DMSO/H2O (50/50) by pre-

irradiation method. In the case of direct method, it was recognized that 

DMSO/H2O (50/50) was best. 

 

3.2 The effect of solvent on graft polymerization 

First, CO absorption experiments were carried out in an aqueous solution of hemin 

after reduction by ascorbic acid. From Figure 4 it is clear that a pure solution of hemin 

acts as a quite good CO absorber, while pure water cannot absorb CO. On the other 

hand, reduction of porphyrin derivatives on/in fabric by ascorbic acid did not 

succeed. Only using hydrazine the hemin on/in fabrics could be reduced. However, 

a certain amount of hemin was eliminated from the fabric and decomposed. 

Therefore, the effect of reduced hemin on/in fabric on CO absorption was not very 

high (Figure 5). 

 

 

 

 

Figure 3. Schematic illustration 

for following CO absorption by 

the nonwoven 



 

 

4. Conclusion 

It was shown that hemin-fixed nonwoven fabric by EB grafting was able to absorb 

CO gas. To prepare more effective fabrics we are continuing by grafting hemin 

together with 1-allylimidazole and ethyl 2-(hydroxymethyl)acrylate. 
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