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Extended abstract 

Textile composites produced due to the enzymatic modification in the material's 

surface are a recent and increasing investigation’s field and might be the 

complement or the alternative to the conventional process by applying polymeric 

matrices. However, there are few studies about composite fabrics produced with 

reinforced structures from natural fibres and biodegradable matrices using enzymes 

[1]. Composites can be defined as multiphase materials with enhanced 

characteristics due to the geometric conception to maximize inherent properties of 

the individual components [2]. Polymer composites can be produced from a polymer 

matrix, by thermoset or thermoplastic or by the use of different types of bindings, 

adjoined to the matrix in the form of fibres, yarn, mats, fabrics, foams, honeycombs, 

etc. [3]. The binding of the composites on synthetic materials can be made by joining 

polymer layers followed by consolidation of their interfaces due to pressure and heat 

fusion [4]. The most recurrent and increasingly important composites for structural 

applications consist of a polymer matrix reinforced with fibres, where a combination 

of high strength, relatively low weight and durability are required [5]. The 

consumption of composites with natural-based matrices is a small fraction of the 

total composites market [3]. However, there is an increasing interest in research and 

development of cellulosic materials combined with man-made fibres, in which 

adherence is achieved by crosslinking polymers or selective melting fibres and the 

interaction for adherence is enhanced by the irregularity of natural fibres [6]. 

Cellulose is the main organic compound in the biosphere and constitutes the basic 

material of all plant fibres [7, 8]. The macromolecule structure is a linear 

condensation of D-anhydroglucopyranose units linked by β1,4-glycosidic bonds [9]. 

The absence of side branches increases its crystallinity and leads to efficient 

intermolecular and intra-chain hydrogen bonding due to the hydroxyl groups, which 

results in dimensionally stable fibres [10]. The chemical composition on natural 

vegetable fibres depends on the plant's origin. Generally, plant composition can be 

divided in major components, such as cellulose, hemicellulose and lignin, and minor 

components, like protein and mineral substances, fatty and resinous acids, phenols, 

etc. [11, 12]. In the case of cellulosic materials, the matrix phase has to be prepared 

by modification of the surface, also using biotechnology approaches, unlike the 



 

 

thermoplastic polymers [6, 13]. The main advantage of biotechnology, compared to 

conventional technologies, consists in their specificity for a particular reaction over 

a specific substrate. Enzyme technology has the unique potential for the 

modification of surface on textile and synthetic materials due to the high specificity 

of enzymes, which allows for diversified advanced functionalities [14]. Since the late 

80s enzymatic processes that are relevant for the textile industry have been studied 

intensely, with obvious results for the use of enzymes in replacement of 

conventional chemical treatments [14, 15]. The enzymatic surface modification of 

textile materials comprises processing of fibres or biopolymers in order to change 

the physical and chemical surface properties, or the introduction of functional 

groups on the surface [14]. Cellulases are enzymes that are capable to cleave the 

glycosidic linkages in oligosaccharides and polysaccharides, including cellulose and 

hemicelluloses [16]. In order to optimize the enzymatic treatments of surface 

modification, enzyme mixtures were successfully conceived according to the desired 

effect on the fibres or material's surface [17]. Cellulases are widely used for textile 

finishing of cellulosic materials as well as for development of new products [18]. 

There are several benefits in using cellulases or enzymes in general: their 

implementation is easy and the processes might be adjusted to the available 

equipment at different stages of the wet process; the application conditions are 

moderate in terms of pH and temperature; enzymes are organic compounds, so 

totally biodegradable, not contributing for environmental wastes; treatments with 

enzymes has economical advantages due to the lowest temperatures and reduction 

of the processing time [18]. Cellulosic materials are hydrolysed by the synergistic 

action of three general types of cellulases: Endoglucanases that hydrolyse 

amorphous cellulose randomly into smaller polymers, thus creating new ends; 

Exoglucanases that attack the extremities of the cellulose polymer, thereby 

producing cellobiose. Cellobiose that hydrolyse β-glucosidase, producing glucose 

[14]. There are also other species of cellulases with some importance: hemicellulases 

that modify the structure of xylan and glucomannan in pulp fibres to improve 

chemical delignification and endoarabinases that hydrolyze the α-1,5-linkages of 

arabinan polysaccharides that are present as side chains of pectin [19].   

The purpose of this work was to produce and characterize enzymatically treated 

fabric composites using different mixtures of two commercial cellulase enzyme 

solutions in dosages of 0.1% and 0.5% in order to improve fabric’s adhesion. Three 

cellulosic taffeta plain weave fabrics of 100% flax, cotton and bamboo viscose were 

used in different combinations. The properties of the woven fabrics and produced 

composites were characterized using several mechanical tests.  The cotton & viscose 

composite appears to be the best material combination exhibiting improved 

breaking force (0.5% of Xylanase PLUSTM) and percentage of elongation at maximum 

force (0.1% of Xylanase PLUSTM), as well as better results on the peel adhesion test 

(0.5% of AlternaFuel® MAXTM). The flax & cotton combination did not show any 

improvement for all the tested properties. Flax & viscose combination did not show 



 

 

peel strength improvement, exhibit remarkable elongation and breaking force (0.5% 

of Xylanase PLUSTM). Since there is no posterior emission of volatile products one can 

expect a great public acceptance. However, higher enzymatic concentrations should 

be studied to clarify the contribution of this parameter on the surface modification 

and adhesion promotion. 
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