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Flame retardant textiles along with their attributional chemicals end their lifespan into the waste streams like incineration and landfills. This article discusses the available waste-to-energy techniques analyzed for the flame retardant textiles. A continuous seek of new flame retardants for textiles led to a focus on the replacement of previously defined toxic chemicals. This pursue of effectiveness in flame retardant chemicals made it difficult to handle their disposal. Therefore, no sustainable waste treatment available to date for flame retardant textiles. This review also describes the available potentialities of flame retardant textile waste in terms of waste-to-energy techniques, highlighting their limitations and challenges for possible upscale.

I. INTRODUCTION

Safety regulations have made textile industry to utilize flame retardants extensively. To prevent and retard accidental fires, flame retardants compose of either inorganic or organic chemicals are added to textile materials. This led to historic production of flame retardants, with amounts of 1.3 to 1.5 million tons between 1970 and 2005(1,2).Phosphate flame retardant additives are used in commercial products for more than 150 years [START_REF] Andrae | Durable and environmentally friendly flame retardants for synthetics[END_REF].These flame retardants types are generally toxic and persistent in nature, usage some of them faced restrictions in the EU. Flame retardants exhibit variant from other chemical compositions, such as halogens (bromine and chlorine), nitrogen, phosphorus, magnesium, aluminum, antimony, molybdenum, boron and recently developed nano-fillers (4). The consumption market of flame retardants in Asia, Europe, and the United States was approximately 1.8 million metric tons in 2007and estimated to reach 2.8 million tons in 2018 globally [START_REF] Yasin | Global Consumption of Flame Retardants and Related Environmental Concerns: A Study on Possible Mechanical Recycling of Flame Retardant Textiles[END_REF][START_REF]Fire Retardant Technologies: safe products with optimised environmental hazard and risk performance[END_REF]. The waste treatment facilities for flame retardant textiles are landfill and incineration, which constitute a vast repository for toxic and banned flame retardants, whichposeexposure for their environmental emissions [START_REF] Yasin | Global Consumption of Flame Retardants and Related Environmental Concerns: A Study on Possible Mechanical Recycling of Flame Retardant Textiles[END_REF][START_REF] Yasin | Life cycle assessment of flame retardant cotton textiles with optimized end-of-life phase[END_REF]. Recycling of flame retardant products, including textiles may result in a reintroduction of those flame retardants into commercial products with a tendency of bioaccumulation. In this context, numerous banned flame retardants in European market arerecognized in black polymeric food-contact products, from a possibly recycled flame retardant waste sources [START_REF] Puype | Evidence of waste electrical and electronic equipment (WEEE) relevant substances in polymeric food-contact articles sold on the European market[END_REF]. Landfill is considered being the least preferable choice in waste hierarchy [START_REF] Yasin | Degradation of phosphorus based flame retardant by IR radiation[END_REF], incineration is the most commonly used option. Extensive studies on the combustion of flame retardants have been carried out, with a main thrust to observe the formation of carbon dioxide and monoxides, and hydrogen halides, whereas not much attention has been paid to other organic products produced during combustion at low to high temperatures.

Flame retardants exposure in different phases

In the production phase of textiles, the most common approach to apply flame retardant on textiles is by finishing, with some environmental issues safety and environmental protectionstandards have raised. Theinterest on the development of renewed and environmentally friendly flame retardant structures has been increased.Besides, with textile voluntary standards implementations it is required to find replacement of formaldehyde and halogen-based compounds for add-ons. For the finishing of flame retardants on textiles, formaldehyde is used extensively [START_REF] Yasin | Optimizing Organophosphorus Fire Resistant Finish for Cotton Fabric Using Box-Behnken Design[END_REF], their alternates are investigated in vast [START_REF] Yasin | Process Optimization Of Eco-Friendly Flame Retardant Finish For Cotton Fabric: A Response Surface Methodology Approach[END_REF].Processes of textile manufacturing are apart from flame retardant finishing, which are highly energy consumptive [START_REF] Yasin | Statistical analysis of use-phase energy consumption of textile products[END_REF]. However, expectations are associated with nanotechnology in improving performance and sustainability of flame retardant textiles in the coming years. In the use phase of flame retardant textiles, the persistent flame retardant chemicals could be ingestedby children via hand-to-mouth, generally from furniture and curtains (4). In fact, some scientists showed concern over toxic fumes from the flame retardant chemicalsthat might emit even without a fire smoke from burning of treated textiles. Moreover, the chemical industries not only add flame retardants to outer fabric but also into the foam of the furniture products, like sofa, bed and chairs. However, the addition of extra flame retardant chemicals to the foam of the furniture is not viable, if flame retardancy is achieved from the outer fabric. In literature, certain flame retardant foam products on accidental fire release almost twice the smoke compared to the untreated foam. It is important to understand that brominated and organophosphorus being most commonly used chemicals, there are variant flame retardants depending on the fiber and product's type. Table 1 shows the common flame retardant products and their general associated fiber types. At the disposal, textile waste is generally treated equally, despite the fact that different flame retardants are employed to different products. Consequently, waste-to-energy techniques such as incineration and gasification of products all together leads to complications and sustainability hinders. 

Polyurethane, polyester

In the disposal phase of flame retardant textiles, many organic and inorganic halogen compounds as well as their derivatives have been used in different formulations for their production. Antimony and its oxides, tin, zinc borate, halogenated anilines, formaldehyde, brominated ethers, phenols, phosphates, etc., are some of the examples of additives being used as flame retardants (4). It has been established that at high temperatures, the combustion of flame retardants bisphenols, polybrominated diphenyl and biphenyls ethers generate highly toxic compounds like polybrominated dioxins and polybrominated dibenzofurans. On the other hand, the environmentally persistent flame retardants compounds generate toxic gases such as halogenated types, while combustion [START_REF] Yasin | An alternative for the end-of-life phase of flame retardant textile products: degradation of flame retardant and preliminary settings of energy valorization by gasification[END_REF]. Various persistent organic pollutants have been banned for their toxicity to the environment and creatures, for instance poly-brominated diphenyl ethers(13)and fluorocarbons. Their use in various products is yet to be found, one reason for their continuous use could be their promising properties. Fluorocarbons created by structural units of fluorohydrocarbons of ethylene are added in rubber. This incorporate properties like oil resistance, high temperature resistance including resistive against oxygen and ozone into the polymers. Moreover, the addition of chlorine in their macromolecules makes them excellent flame retardants. Whereas, Polyepichlorhydrin is a polar polymer having high glass transition temperature, heat and swelling resistance, which makes its finished products good flame retardants. In this framework, synthesis of organic and sustainable compounds with similar attributions is essential.

II. STATE OF THE ART OF WASTE-TO-ENERGY TECHNOLOGIES

Waste-to-energy technologies are considered efficient and sound destruction of textile waste, controlled incineration is widely used. The main function of incineration is to render materials into ashes. Generating energy from incineration of flame retardant textiles seems technically less beneficial due to the incomplete combustion and eventually low energy yield. On the other hand,it has been discovered that incineration of flame retardant textiles not only produce higher content of carbon dioxide and other toxic fumes butcan also leadsto bringing environmental pressures and sustainability hurdles [START_REF] Yasin | An alternative for the end-of-life phase of flame retardant textile products: degradation of flame retardant and preliminary settings of energy valorization by gasification[END_REF]. Tracings of toxicity near incineration plants is a major environmental hotspot. While landfilling of treated textiles can pose flame retardant chemicals leaching into the soil and the incineration of flame retardant products generates furans dioxins [START_REF] Yasin | Global Consumption of Flame Retardants and Related Environmental Concerns: A Study on Possible Mechanical Recycling of Flame Retardant Textiles[END_REF][START_REF] Shaw | Halogenated flame retardants: do the fire safety benefits justify the risks? Reviews on environmental health[END_REF]. Surrounding of incineration plantsare found to have high contents of flame retardants [START_REF] Unep | Persistent Organic Pollutants Review Committee. Report of the Persistent Organic Pollutants Review Committee on the work of its sixth meeting. Risk profile on hexabromocyclododecane[END_REF]. Currently no state of the art treatment for theflame retardant textile waste, incineration is practicedknowingly the toxic emissions leaching of chemicals in a landfill of the incineration bottom ashes [START_REF] Nazaré | Environmentally friendly flame-retardant textiles -Blackburn[END_REF]. Other disposal alternates, such as gasification of flame retardant textiles are rarely found in literature. Gasification, does not involve burning of waste but with intense pressure and oxygen or air that convert carbon materials directly into gas. Moreover, it also breaks the waste into their molecular level and produces useful gas contents such as carbon monoxide, hydrogen and methane, which are generally known as syngas. Ultimately, in gasification pollutants can be easily removed, inexpensively unlike in incineration. However, for better energy valorization, degradation and elimination of flame retardant chemicals from the textiles prior their disposal have been found to be an eco-approach [START_REF] Yasin | Degradation of phosphorus based flame retardant by IR radiation[END_REF][START_REF] Yasin | Degradation Kinetics of Organophosphorus Flame Retardant from Cotton Fabric[END_REF], though further studies are needed to approve their benefits.

CONCLUSION

From the review, an obvious supposition is, thatflame retardant and toxic contents in air and leachate from waste disposal and sorting plants and textile products, particularly polymericdefragmentation sites are higher than from the incineration plants and landfills. Different flame retardant product types pose variant contents of toxins from the waste disposals, for instance, plastic contain flame retardants and textiles incorporated with flame retardants. Additional methodical understanding is required for the textile waste sources and mechanisms regulating emissions of flame retardants at waste-to-energy techniques, including incineration, gasification and other wastefacilities.

Table 1 . Flame retardant textile products and fiber types
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	Flame retardant products	Fiber type
	Foam	Polyurethane
	Upholstery	Cotton
	Mattress	Polyester, cotton, polyurethane
	Carpets	Wool, polyester
	Curtains	Cotton, polyester
	Fabric blinds	Cotton, polyester
	Seats	Wool, cotton, polyester
	Seat cover and fillings	Cotton, polyester
	Bumpers	Cotton
	Transportation textiles	Wool, cotton,
	(airplane, train, coach etc.)	polyester
	Overhead compartments of	
	Transportations	
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