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Abstract 

The aim of this work is to create textiles capable of providing the user with protection 
against ticks and bedbugs. Ticks are important vectors of human and animal diseases 
through their bites. Bedbugs have adapted well to human environments and they 
can be found especially in human homes: sofas, bed mattresses and other soft 
furnishings. The return of these insects is a result of increased tourism, transit of 
merchandise and presence of contaminated baggage between regions [1,2]. 
 
Nowadays, the most used protective method against bugs is a repellent-spray that 
can be spread on the human body or on fabrics. The current problem in the 
application of insecticides or repellents in fabrics is the low durability of their 
biological efficacy after washing. Therefore, the efforts are mainly focused on 
developing new functional textiles that provide a slow release of biocides, with a 
higher resistance to washing. 
 
Different innovative approaches are considered in this work in order to obtain such 
functional finishes. All of them have been characterized in terms of biocide effective 
concentration, mechanical properties, durability after washing and migration of 
biocide with temperature and sweat. These formulations have been applied on 
different textiles (cotton, cotton/polyester, polypropylene and polyester) to cover a 
broader range of applications: 
 
1) Sol-gel coating with biocide properties 
The main advantages of insecticide/repellent textiles by sol-gel coatings are the 
control over the amount of insecticide/repellent in the silica matrix and the excellent 
adhesion of sol-gel coating to the textile fibres due to its nanosized structure [3]. The 
amount of biocide and the solid content have been optimized for each 
fabric/application. These coatings have been applied by padding method. 
 
2) Textile finishing based on micro/nanoencapsulated biocides 
Formulations comprising micro/nanocapsules have been applied by different 
methods on the fabrics: coating (basically for mattresses), padding and exhaustion. 



 

 

The quantification of biocide present in the textile after application has been 
performed by HPLC and the morphology of the fabric was further studied by 
Scanning Electron Microscopy (Fig. 1). Two types of encapsulation have been used: 
- Polymeric microencapsulation: Polymeric-based microcapsules are considered to 
provide a controlled release of the biocide and therefore a higher durability of their 
biological effect. Depending on the properties of the shell (material, size, 
functionalization) they may need a resin to ensure the anchorage of the 
microcapsules to the fibre surface. Different resin concentrations as well as resin 
chemical natures have been studied for a better efficiency and homogeneity of the 
dispersion.  
- Nanoencapsulation by sol-gel technology: The nanoencapsulation by in-situ sol-gel 
emulsion processes allows the formation of ceramic nanocapsules. Due to the nano 
size of the particles, it is critical to guarantee a good dispersion and distribution of 
the particles on the fibres, avoiding aggregates. Optimization of the resin nature as 
well as resin concentration has been performed in order to improve adhesion to the 
fibre and to increase the wash fastness.  

 

  
Fig 1. Scanning Electron micrograph of (a) polymeric microcapsules (X 600) and (b) 
ceramic sol-gel nanocapsules (X 5000) onto cotton fibers. 

 
3) Development of new polypropylene composites and monofilament yarns with 
biocide properties by means of melt-extrusion 
The objective of this approach is the development of a monofilament yarn with 
biocide properties. The materials used for such composites are: i) ceramic sol-gel 
nanocapsules containing biocide, ii) a widely used polymer in textile applications 
such as polypropylene as polymeric matrix, iii) and finally a coupling agent to 
increase compatibility between the matrix and the capsules. The work has been 
focused on determining the optimum parameters for the two steps of production: 
masterbatch and yarn, such as % of each material, temperature profile and screw 
speed of the extrusion process, and roll parameters of the yarn process.  
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