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 Milestone in diaper recycling: NMI succeeds in degrading cellulose in
 composite materials
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Paper, glass, plastic, even concrete: many materials are now recycled. For diapers, on the other hand, this
is still almost impossible. Worldwide, less than one percent of all diapers are recycled - and this is despite
the fact that diapers make up around ten percent of household waste (in care homes, this figure can rise to
70 percent). The challenge is separating the cellulose in the diapers from the superabsorbent material
that absorbs the liquid. A team of researchers led by Dr. Anne Zeck, group leader at the NMI Natural and
Medical Sciences Institute in Reutlingen, has now achieved a breakthrough with the help of enzymes as
part of the Invest BW project Encycling.
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Mixture of cellulose and the superabsorber

Diapers are a so-called composite material. Inside them is a mixture of cellulose, which in this case is like absorbent
cotton and is necessary for the most comfortable wearing experience possible, and the so-called superabsorber, which
consists of the sodium salt of polyacrylic acid and can absorb many times its own weight in liquid. Both materials are
easily recyclable on their own. In the case of diapers, however, they must first be separated. This is complicated - and
unfortunately not possible for all manufacturers.

Extremely viscous mass

“When a liquid is added to this mixture of cellulose and superabsorbent material, the result is a gel-like mass. This
makes it impossible to mix the mass properly and treat it with enzymes,” explains project manager Anne Zeck. By
adding calcium chloride, the superabsorber releases the bound liquid again. The shredded diaper mass can now be
mixed thoroughly.

Cellulose degradation is not new - but it is in diapers

The next step was to search for enzymes that can break down cellulose. “Two criteria are particularly important in this
search: from a huge range of enzymes, we had to find those that are reliably able to convert cellulose into soluble sugar
molecules in the very specific environment of a diaper. At the same time, however, these enzymes had to be not too
expensive so that the technology had a realistic chance of succeeding on the market,” says Anne Zeck, describing the
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challenges. The company Candidum provided support in this search.

0.7 grams of enzymes break down 800 grams of cellulose

Anne Zeck's team added a total of 0.7 grams of the enzymes that were ultimately selected to 5.8 kilograms of diaper
material, which they had previously shredded and soaked in water - because diapers end up in the trash in a used, i.e.
damp, state. They shook this mixture for several days at 50 degrees Celsius. During this time, the enzymes broke down
800 grams of cellulose and produced sugar from it, which was removed with the aqueous phase. Five kilograms of the
shredded diaper material, which mainly contains superabsorbents, remained.

A milestone - to be followed by others

In the next step, ARCUS Greencycling will test on a pilot plant scale (i.e. larger than a laboratory experiment, but
smaller than an industrial production process) whether the low-cellulose composite material can be chemically recycled
significantly better. Put simply, the question is whether this so-called pyrolysis (i.e. the splitting of the composite
material into its original raw materials) and thus the return of the raw materials to the cycle is more successful. Ways of
using the sugar-containing liquid as a material in the future are to be investigated. Water consumption also needs to be
optimized. Only then will recycling be truly successful and make both ecological and economic sense. Nevertheless, the
successful use of enzymes in a difficult environment is a milestone on the way there.

Funding reference BW1_5021/02. The Encycling project was funded by Invest BW Innovationsförderung - Green Tech.
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same time, the NMI actively supports spin-offs from the institute.
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