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Abstract 

Novel uses of wheat gluten (WG) proteins from bioethanol production are presented in this thesis. 

First, a flame-retardant foam was prepared via in situ polymerization of hydrolysed tetraethyl 

orthosilicate (TEOS) with denatured WG proteins (Paper I). The TEOS formed a well-dispersed 

silica (SiO2) phase in the walls of the foam. With a silica content ≥ 6.7 wt%, the foams showed 

excellent fire resistance and fulfilled the criteria of the best class of flame-retardant foams according 

to UL94 burning test standard. The thermal insulation properties of the WG-based foams were 

shown to be competitive to those of conventional insulating petroleum-based foams due to their 

high porosity (~90 %) and open cellular structure with an average pore size of ~50 m. An aspect 

of bio-based foams was their high sensitivity to fungi and bacterial growth. This was addressed in 

Paper II by the use of a natural antimicrobial agent extracted from algae (Lanasol), in which the 

absorption ability of the foams were also investigated.   

A swelling capacity of 32 times its initial weight in water was observed for the pristine WG foam. 

Both capillary effect and cell wall absorption contributed to the high sorption properties. The cell 

wall absorption, providing water-plasticization of the WG proteins, allowed the foams to act as a 

sponge, being capable to absorb water and release it repetitively. When the swollen WG foam was 

freeze-dried, a highly porous bimodal foam containing both larger cells (ca. 400 m) and numerous 

small cells (ca. 2 m) was obtained, which was ideal for fast absorption due to the high porosity 

(95.5 %). This work demonstrated the versatility of the WG material as a matrix for holding 

functional properties, which was further illustrated in Paper III. Conductive and flexible foams 

were investigated using carbon-based nanofillers and plasticiser. It was found that the electrical 

resistance of the carbon nanotubes and carbon black filled foams were essentially strain-



independent, which are suitable for applications such as electromagnetic shielding (EMI) and 

electrostatic discharge protection (ESD).  

In addition to the above articles, where show the potential uses of WG as a versatile 

polymer/protein matrix material, a welding method by simply assembling two water-wetted 

surfaces was developed which enabled the up scaling of freeze-dried WG foams (Paper IV). It was 

found that the flexural strength of the four-cube-welded foams was ca. 7 times higher than that of 

the same size prepared in one piece (no welding). This technique provides a new strategy of using 

freeze-dried WG foams in applications where larger foams are required. 

Despite versatile functionalities of the WG-based foams, their mechanical properties are very low 

due to the natural of brittleness. Therefore, two methodologies (dip-coating and compression 

moulding) for making reinforced plasticised WG-based composites were performed in Paper V. 

The results revealed that these biocomposites reinforced with 19 wt% flax-fibre-weaves presented 

in-plane stiffness and strength which were ca. 150 times and ca. 8 times, respectively, higher than 

those of the pure WG matrix. Furthermore, their crack-resistance was also significantly improved. 

The use of wheat gluten as resource of biopolymer contributes to the sustainable development of 

plastic materials, which is a promising alternative to petroleum-based materials. 
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