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Introduction
The increasing amount of plastic waste in

the environment due to its massive

consumption is raising concern among

scientists1, who are trying to find a way to

lessen it without it being environmentally

intrusive. Nowadays if plastic is not treated and combusted artificially (which releases

massive amounts of greenhouse gases) biodegradation of it in raw nature takes long periods

(around 50 years)2,3. Another challenge science is facing is the race to find an energy

alternative to the current polluting methods such as fossil fuels4. Hydrogen synthesis is a

promising alternative due to its colossal amount of energy released when combusting and

how the main residue after combustion is water (H2O)5.

A catalyst is, by definition, a substance that increases the rate of a chemical reaction without

itself undergoing any permanent chemical change6. When this catalyst is activated with

sunlight it is known as a photocatalyst. It uses light to drive catalytic reactions so, in other

words, is able to convert light energy into chemical energy7. This leads to a simultaneous

redox reaction thanks to an electron chain transfer via photoexcitation where water is

reduced into hydrogen and waste is oxidized into other compounds8. I thought this could be

a possible way of transforming microplastics, more specifically polypropylene (PP) (the main

polymer used in the production of surgical face masks) into hydrogen, using an organic

photocatalyst carbon nitride (CNX) doped with platinum (Pt) and where the only energy input

would be light. This had never been done before under these variables, thus, I decided to

investigate and prove there is a way of solving both issues within one solution which was

environmentally respectful to the extent possible. I wanted to investigate if this process was

possible and which of the three layers of a conventional face mask would photoreform better

under the same conditions taking into account its properties.

Hypothesis
Two hypotheses were stated: 1) The photocatalytic reforming of polypropylene into hydrogen

is viable and possible using a photocatalyst CNX-Pt after 21 day period of exposure to light

incision since a decrease of microplastics (measured in mg) will be observed at the end of

the experiment. 2) When comparing the results of the three layers of PP, the meltblown one

will be the least degraded due to its internal hydrophobic structure.
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Objectives
Analise and make possible for the first time a photoreforming of PP into hydrogen using an

organic photocatalyst mainly made out of carbon at home.

Methodology
The methodology of this experiment can be divided into two parts: the

experiment and the extraction of results after the 21-day period. First of all,

the substrate was prepared by separating the 3 layers of a face mask (i.e.,

a nonwoven layer of spunbond polypropylene with hydrophobic repellent

treatment, a filtering nonwoven layer of melt blown polypropylene, and a

nonwoven layer of spunbond polypropylene with hydrophilic surfactant treatment). Then, to

set up the experiment, six beakers were needed (two for each of the three layers). On each

beaker, 250 mg of one type of PP (previously shredded into millimeter pieces to replicate

microplastics), 25 mg of CNX-Pt, and 10 ml of water were added and mixed. Then, they were

all placed under direct and constant light thanks to 8.5 W LED lamps and closed with

aluminum foil. After 21 days, the results were extracted by rinsing off and cleaning the

remaining PP of each beaker. Finally, they were measured on a high-precision scale and

analyzed.

Results
Fortunately, it was observed in all six beakers a decrease in the weight of polypropylene, so

we can confirm our first hypothesis was right. We have been able to photoreform for the first

time the PP of different types using a CNX-Pt photocatalyst. So, after three weeks of

constant illumination, the layer of PP1 (spunbond w. hydrophobic treatment) had had on

average a 19.8% decrease in weight, the layer of PP2 (meltblown) had on average a 1.4%

decrease in weight, and finally, the layer of PP3 (spunbond w. hydrophilic treatment) had on

average a 7% decrease in weight. When analyzing the differences in results between the

different layers, we were able to see that spunbond layers showed a higher photoreforming

yield than the meltblown ones (which would confirm that my second hypothesis was right).

After some research, I concluded that this difference was due to the pore size of the

materials. While spunbond layers had bigger pores (∼100 μm)9, meltblown ones had smaller

ones (∼1-10 μm)10, and this could potentially cause a poor interaction between the

photocatalyst and this last layer. Further studies are needed to verify the results obtained in

this work and give a more detailed explanation of the different photoreforming yields

obtained for the different PP layers, but this experiment can be considered a strong starting

point. In conclusion, this experiment shows a straight-forward way of photoreforming and

degrading several types of polypropylene into hydrogen using a non-toxic, cheap, and

easy-to-make photocatalytic system which indeed would be a multiple-factor solution to

several issues of the current society using light as its one and only energy input.
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