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			Opinion

			Current development status, political targets and perspectives

			In many cases it is necessary and useful that personal protective equipment (PPE), especially protective clothing, is endowed with strongly hydrophobic and oleophobic properties. For outdoor and sports clothing, the combination of these properties is not required. Of course, outdoor clothing should protect against rain, moisture and dirt. The repellence of mineral oils and other organic liquids of low polarity is not really needed neither for hiking nor mountaineering [1]. However, producers as well as distributors have to respect the more or less formed to habit expectations of consumers. Hence, casual wear is often coated with per-or polyfluorinated compounds (PFC) [2] that make them lyophobic and finally easy to clean. From the technological point of view, the application of the PFC repelling polar and non- polar liquids does not require much effort and essentially no additional cost. The beneficial properties of PFC on textile surfaces are opposite to environmental and human ecological risks [3,4]. Due to their persistence and bioaccumulation, PFC are in public discussion for almost 50 years. The water solubility of the PFC’s degradation and by-products formation, in particular the perfluoro-alkane surfactants, allow the rapid spread in ecosystems, and the long-term stability of the organo-fluorine compounds leads to increase their concentrations in soils, waterbodies and air [5,6]. Through the food webs they enter plants, animals and finally humans, where they were not accumulated like most persistent organic pollutants in the fatty tissue, but in organs like the liver, the kidneys and the gallbladder. In 2008 a study documented the accumulation of PFC in the blood of the human organisms [7].

			In the frame of the Stockholm Convention on Persistent Organic Pollutants [8] ratified by the countries of the European Union [9] and the majority of the other countries, national laws to prevent or minimize the production, distribution and use of PFC were passed. The Commission Regulation No 757/2010[10] does not allow substances and preparations to contain more than 10 mg.kg-1 PFC and products must not contain more than 0.1% PFC (with special exemptions for individual industries). Also, for the physiologically and ecologically similar acting perfluorooctanoic acid (POFA) and other per-fluorinated carboxylic acids consisting of longer alky chains (C11-C14) as well as their conjugate bases and salts there are efforts to limit their applications in the future [8,11]. The textile and finishing industries can make a big contribution to containment the use and spreading of PFC. A substitution of the longer-chain PFC by shorter-chained PFC substances (such as C6) does not appear to make sense neither in the frame of their physiological and

			 ecological properties nor in the frame of the dynamics in the steady tightening of international and national regulations. In addition, C6 show weaker functional effects which, in particular, only inadequately fulfil the required oil-repellent properties for high- performance applications in the protective textile sector. More sustainable strategies for textile finishing are based on the development of application-specific finishes and less on an all-round solution. For example, outdoor and sports clothing does not need to have any super-oleophobic finish against non-polar carbon hydrogen compounds. Thus, new developments follow the trend of minimizing strong interactions between liquids and fabrics. The key requirement for the finishing-substitutes is a reduction of the surface free energy to such an extent that alkane compounds are no longer wetting. The summary of market-ready product developments shows that oil-, chemical-, and solvent-repellent properties do not necessarily have to be achieved strategically for outdoor and sportswear. Even though intensive research has been carried out in the field of finishing textiles with fluorine-free coatings, there are currently no alternatives to the application of PFC according to the state of the art for the production of outdoor and sports clothing and in particular for protective fabrics with high safety standards. Lyophobic developments that will establish themselves on the market in the long term should be based on formulations and technologies that achieve an optimum balance between product-specific performance and human ecological safety (Table 1).

			Table 1: Different market-ready developments and alternative solutions to replace PFC in textile finishing.

			
				
					
					
				
				
					
							
							Product and Brand

						
							
							Fluorine-Free Substitute

						
					

					
							
							Bionic-Finish Eco 

						
							
							dendrimers, which possess a high density of functionalized end groups

						
					

					
							
							(Vaude, Tettnang-Obereisenbach, Germany)

						
					

					
							
							Ruco-Dry Eco, Ruco-Dry Eco Plus

						
					

					
							
							(Rudolf GmbH, Geretsried, Germany)

						
					

					
							
							Purtex

						
					

					
							
							(Freudenberg SE, Weinheim, Germany)

						
					

					
							
							Ceplex

						
							
							polyurethane dendrimers

						
					

					
							
							(Vaude, Tettnang-Obereisenbach, Germany)

						
					

					
							
							Demizax

						
							
							polyurethane membrane with an intrinsic high molecular mobility

						
					

					
							
							(Toray Industries, Inc., Chūō, Japan)

						
					

					
							
							RWPF500

						
							
							silicon-based surface modification and wax finishing

						
					

					
							
							(Globetrotter Ausrüstung GmbH, Hamburg, Germany)

						
					

					
							
							Ecoprepel/Ecoprepel Bio

						
							
							paraffin-based

						
					

					
							
							(Schoeller Textil AG, Sevelen, Schwitzerland)

						
					

					
							
							Nanoflex product range

						
							
							modified silicon oxide

						
					

					
							
							(Nano-Care Deutschland AG, Saarwellingen, Germany)

						
					

					
							
							Nikwax product range

						
							
							elastomers based on ethylene-vinyl-acetate-copolymers

						
					

					
							
							(Nikwax Ltd, Unit F, Durgates Industrial Estate, Wadhurst, United Kingdom)

						
					

					
							
							Other concepts and developments at laboratory status

						
							
							modified fatty acids, fatty acids and fatty acid esters with metal salts and pyridinium compounds (surfactants), melamin resin based duromers organo-metal-complexes
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