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Abstract 

Together with the caused hurt and irritant bites, bedbugs are authors of adverse 

health effect in humans and animals, and ticks can be additionally important disease 

vectors. Furthermore nowadays the presence of both parasite arthropods has shown 

an important increase and comeback worldwide, especially in regions such as East 

Europe and Central Europe. [1,2] 

 

The current most applied solution implies the utilization of spray-repellents and/or 

insecticides that provide protection against them, as well as some conventional 

finishing for clothes. Nonetheless these applications in textiles present low biocide 

effectiveness (i.e. durability) after washing due to their lack of adhesion and high 

volatility. This concern may be overcome by encapsulation of biocides; which not 

only protects the encapsulating active agent but also improves its release control. 

[3] 

 

In this work micro/nanoencapsulation of repellent and insecticide biocides, being 

accepted by Biocidal Product Regulation (BPR, Regulation (EU) 528/2012), was 

comprehensively studied in ceramic and polymeric based matrices for textile 

applications (Fig. 1). Ceramic nanocapsules were obtained by following a sol-gel 

technique that consists of hydrolysis/polycondensation subsequent procedure of 

alkoxysilane precursors that form an oil-in-water (O/W) emulsion containing the 

biocide. On the other hand, polymeric-based microcapsules were prepared from 

O/W biocide emulsions. Synthetic matrices were obtained by in-situ polymerization 

techniques to get polyurea-urethane (PUU) and polymethylmethacrylate (PMMA) 

shell materials, whereas biopolymer-based capsules were prepared from 

coacervation methodology of chitosan polysaccharide. 

 



 

 

 
Fig 1. Transmission Electron Micrograph of ceramic sol-gel nanocapsules (a) and 

Scanning Electron Micrograph of PUU microcapsules (b). 

Regarding the applicability of obtained micro and nanocapsules on textiles of 

different chemistries (e.g. cotton, polypropylene and polyester) and the aim of 

obtaining durable efficiencies, functionalization of shell materials was performed. 

Reactive moieties were introduced during the synthesis of ceramic and polymeric 

matrices, including hydroxyl, amine or epoxy functionalizations, which are able to 

covalently react with the functional groups that are present in the surface of textile 

fibres and/or with textile finishing polymeric resins. 

 

Parameters of emulsion and different active agent:shell material ratio were studied. 

Chemical structure of materials was examined by Fourier Transform Infrared 

Spectroscopy (FTIR). Morphological and particle size distribution of capsules were 

analyzed by using BET, Electron Microscopy and Laser Diffraction Spectroscopy. 

Moreover, the analysis of thermal stability of obtained capsules was carried out by 

Termogravimetric Analysis (TGA). The content of biocide and encapsulation efficacy 

was determined by Liquid Chromatography (HPLC). 

 

Obtained capsules were found to be able to efficiently encapsulate different types 

of biocide with yields up to 95%. In addition, both in dispersion and dried form, 

micro/nanocapsules show compatibility with conventional finishing agents, 

additives and textiles, making them capable candidates to be used for textile 

applications with biocide properties. 
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