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anofibers are 100 to 1,000 times

thinner than human hair. They

are characterized by a large
specific surface area and are used
wherever interactions with surfaces
are critical. Filters, membranes in pro-
tective clothing, coatings of implants or
chemical sensors may contain nanofib-
ers. At ZHAW, we have been working for
several years on a process to produce
ultralight sponges from nanofibers. In
this process, the fibers are cut and
dispersed. The dispersions are freeze-
dried and a highly porous fiber skeleton
remains. This is suitable, for example,
as a high-performance filter[1] or ther-
mal insulator [2].

Using materials from side streams

In the BIOMAT project, we wanted to replace
synthetic polymers such as nylon or the
starch-based biopolymer pullulan, with re-
newable materials from side streams that do
not compete with food production. The poly-
saccharide chitin can be obtained from the
cell walls of fungi remains or the exoskeleton
of crustaceans. The corn protein zein is a by-

Property Nylon Chitosan
Fiber diameter/nm 175 309
Specific surface area/m? g'! 1ke) 8.4

Bulk density/mg cm™® 16.6 5.8
Porosity/ % 98.5 99.6
Effective modulus/kPa 5.8 43

Table 1: Properties of nylon and chitosan nanofiber sponges.

product of bioethanol production.

Biopolymers differ from synthetic polymers
in that they contain many functional groups,
such as OH or NH,. This often makes them
more difficult to process, but offers the pos-
sibility of selectively functionalizing the fibers
through chemical reactions. In the processing
of biopolymers, we want to develop strate-
gies to avoid the use of organic solvents ac-
cording to the principles of green chemistry,
e.g. through the use of agueous processes.
We have succeeded in this with chitosan na-
nofibers, Figure a, and their conversion into
ultralight and highly porous nanofiber spong-
es[3]. The comparison with a nylon nanofiber
sponge (4], Figure b, shows the potential of
this by-product from the food industry (Ta-
ble 1). Although the chitosan nanofibers were

Fig.: (a) Scanning electron microscope (SEM) image of chitosan nanofibers; (b) crude oil based nylon and biomaterial based
chitosan nanofiber sponge; (c) water-in-oil emulsion and filtrate after passage through chitosan nanofiber sponge; (d) rapid

uptake of sudan red dyed chloroform from water.

slightly thicker and their specific surface area
correspondingly lower, the chitosan materi-
al was 3 times lighter and consisted almost
entirely of air (99.6% porosity). The 8-fold
stiffness with a modulus of 43 kPa was im-
pressive.

In practice, we used the material as a filter for
microplastics. In model tests > 99.4 % of all
particles were removed. Since the sponge
was flexible, liquids could be pumped
through the filter by mechanical movements
like an oyster[3]. We are currently working
on zein-based nanofiber sponges. Charac-
terized by a hydrophobic surface, they are
suitable for separating water-in-oil emulsions,
Figure ¢, or removing oil spills, Figure d, simi-
lar to our silane-modified pullulan sponges [5].
This is because these materials can absorb
more than 100 times their own weight in
oil. Although we assume that the bio-based
nanofiber sponges are biodegradable, thus
closing the material cycle, we have yet to
confirm this in the context of BIOMAT. m
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