Recycling of materials

Introduction

The waste hierarchy refers to the 3 R practices for the management of waste: Reduction, Reuse and Recycling. The waste hierarchy has taken many forms over the past decade, but the basic concept has remained the cornerstone of most waste minimisation strategies. The aim of the waste hierarchy is to extract the maximum practical benefits from products and to generate the minimum amount of waste.

Recycling involves processing used materials into new products in order to prevent the waste of potentially useful materials, reduce the consumption of fresh raw materials, reduce energy usage, reduce air (from thermal treatment) and soil and water (from landfilling) pollution by reducing the need for "conventional" waste disposal, and lower greenhouse gases emissions as compared to virgin production.
Certain requirements must be met in order for recycling to be economically feasible and environmentally effective. These include an adequate source of recycle materials, a system to divert those materials from the mixed waste stream, a nearby facility capable of reprocessing the recyclates, and a potential market for the recycled products. Table 1 presents the environmental benefits of recycling in terms of energy and air pollution savings. 
	Recyclable material
	Energy savings
	Air pollution savings

	Aluminum
	95%
	95%

	Cardboard
	24%
	—

	Glass
	5-30%
	20%

	Paper
	40%
	73%

	Plastics
	70%
	—

	Steel
	60%
	—


Process
Collection
A number of different systems can be used to separate/collect recyclates from mixed domestic waste. The three main categories of collection are "drop-off centres", "buy-back centres" and "curbside collection".

Drop-off centres require the waste producer carry the recyclates to a central location, either an installed or mobile collection station or the reprocessing plant itself. They are the easiest type of collection to establish, but suffer from low and unpredictable throughput. 
Buy-back centres differ in that the cleaned recyclates are purchased, thus providing a clear incentive for use and creating a stable supply. The post-processed material can then be sold on. 
Curbside collection encompasses many subtly different systems, which differ mostly on where in the process the recyclates are sorted and cleaned. The main categories are mixed waste collection, commingled recyclables and source separation. A waste collection vehicle picks up the recyclable waste materials.

At one end of the spectrum is mixed waste collection, in which all recyclates are collected mixed in with the rest of the waste, and the desired material is then sorted out and cleaned at a central sorting facility. This results in a large amount of recyclable waste, paper especially, being too soiled to reprocess, but has advantages as well: the local authorities need not pay for a separate collection of recyclates and no public education is needed. Any changes to which materials are recyclable is easy to accommodate as all sorting happens in a central location. 




Recycling bin

In a commingled or single-stream system, all recyclable materials are mixed but kept separate from other waste. This greatly reduces the need for post-collection cleaning but does require public education on what materials are recyclable.
Source separation is the practice, where each material is cleaned and sorted prior to collection, by the householders. This practice requires the least post-collection sorting and produces the purest recyclates, but incurs additional operating cost for collection of each material separately. An extensive public education program is also required, which must be successful if recyclate contamination is to be avoided. Source separation used to be the preferred method due to the high sorting costs incurred by commingled collection. Advances in sorting technology (see sorting below), however, have lowered this overhead substantially—many areas which had developed source separation programs have since switched to comingled collection.[7]
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A recycling truck collecting the contents of a recycling bin 
Sorting
Once mixed recyclates are collected and transferred to a central collection facility, the different types of materials must be sorted. This is achieved in a series of stages, some of which involve automated processes. 

Initially, the mixed recyclates are removed from the collection vehicle and placed on a conveyor belt spread out in a single layer. Large pieces of cardboard and plastic bags are removed by hand at this stage, as they can cause later machinery to jam. 
Glass is sorted by hand based on its color: brown, amber, green or clear. Next, automated machinery separates the recyclates by weight, splitting lighter paper and plastic from heavier glass and metal. Cardboard is removed from the mixed paper and the most common types of plastic (PET and HDPE) are collected. This separation is usually done by hand, but has become automated in some sorting centres: a spectroscopic scanner is used to differentiate between different types of paper and plastic based on the absorbed wavelengths, and subsequently divert each material into the proper collection channel. 
Ferrous metals (tin-plated or steel cans) are separated by using strong magnets while non – ferrous metals (aluminum cans) are ejected by magnetic Eddy currents. A rotating magnetic field induces an electric current around the aluminum cans, which in turn creates a magnetic eddy current inside the cans. This magnetic eddy current is repulsed by the large magnetic field, and the cans are ejected from the rest of the recyclable materials.
Main recyclable materials
Batteries
The large variation in size and type of batteries makes their recycling quite difficult: they must first be sorted into similar kinds and each kind requires an individual recycling process. Additionally, older batteries contain mercury and cadmium, hazardous materials which must be handled with care. Lead-acid batteries, like those used in vehicles, are relatively easy to recycle and many regions have legislation requiring vendors to accept used products. 
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Biodegradable waste

Kitchen residues, garden and other green waste can be collected and recycled into useful secondary products by applying specific treatment methods such composting. This process allows natural aerobic bacteria to break down the biodegradable organic waste into stabilized final product which can be used as soil improver and conditioner. Composting could be applied on a household scale, at local Community level and at central large scale facilities.




Garden waste for composting
Waste electric and electronic equipment (WEEE)
The direct disposal of electric and electronic equipment at the end of its useful life, such as old refrigerators, ovens, washing machines, computers, lamps, etc. is banned in many areas due to the toxic contents of certain components. The recycling process is applied by mechanically separating the metals, plastics and circuit boards contained in the appliance. When this is done on a large scale at an electronic waste recycling plant, component recovery can be achieved in a cost-effective manner.




An abandoned computer monitor
Ferrous metals
Iron and steel are the world's most recycled materials, and among the easiest materials to reprocess, as they can be separated magnetically from the waste stream. Recycling is via a steelworks: scrap is either remelted in an electric arc furnance (90-100% scrap), or used as part of the charge in a Basic Oxygen Furnace (around 25% scrap). Any grade of steel can be recycled to top quality new metal, with no 'downgrading' from prime to lower quality materials as steel is recycled repeatedly. 42% of crude steel produced is recycled material. 



Steel crushed and baled for recycling
Non-ferrous metals
Aluminum is one of the most efficient and widely-recycled materials. Aluminum is is shredded and grounded into small pieces or crushed into bales. These pieces or bales are melted in an aluminum smelter to produce molten aluminum. By this stage the recycled aluminum is indistinguishable from virgin aluminum and further processing is identical for both. This process does not produce any change in the metal, so aluminum can be recycled indefinitely.

Recycling aluminum saves 95% of the energy cost of processing new aluminum. This is because the temperature necessary for melting recycled, nearly pure, aluminum is 600 °C, while to extract mined aluminum from its ore requires 900 °C. To reach this higher temperature, much more energy is needed, leading to the high environmental benefits of aluminum recycling. 
Aluminum cans are usually recycled according to the following procedure: 

· Cans are separated from mixed waste, using an eddy current separator. 

· Cans are shredded into small, uniform pieces to reduce volume and simplify automated handling by machines. 

· Pieces are mechanically and/or chemically cleaned to reduce contamination impurities. 

· Pieces are compressed into blocks to minimize oxidation losses when melted. (The surface of aluminum readily oxidizes back into aluminum oxide when exposed to oxygen) 

· Blocks are loaded into the furnace and heated to 750 °C ± 100 °C to produce molten aluminum. 

· Dross is removed and the dissolved hydrogen is degassed. (Molten aluminum readily disassociates hydrogen from water vapor and hydrocarbon contaminants.) This is typically done with chlorine and nitrogen gas. Hexachloroethane tablets are normally used as the source for chlorine. Ammonium perchlorate can also be used, as it decomposes mainly into chlorine, nitrogen, and oxygen when heated.[8] 

· Samples are taken for spectroscopic analysis. Depending on the final product desired, high purity aluminum, copper, zinc, manganese, silicon, and/or magnesium is added to alter the molten composition to the proper alloy specification. 

· The furnace is tapped, the molten aluminum poured out, and the process is repeated again for the next batch. Depending on the end product it may be cast into ingots, billets, or rods, formed into large slabs for rolling, atomized into powder, sent to an extruder, or transported in its molten state to manufacturing facilities for further processing.  




Baled aluminum cans

Glass

Glass bottles and jars are gathered by a curbside collection truck and bottle banks, where the glass may be sorted into color categories. The major types are presented in Table 2.
	Colour
	Type of glass
	Uses

	colourless glass
	Flint glass
	jars, beverage bottles

	green
	Green glass
	wine and beer bottles

	brown
	Brown/amber glass
	beer bottles


The collected glass cullet is transferred to a glass recycling plant where its purity is examined and contaminants are removed. The cullet is crushed and added to a raw material mix in a melting furnace. It is then mechanically blown or molded into new jars or bottles. Glass cullet is also used in the construction industry for aggregate and glassphalt. Glassphalt is a road-laying material which comprises around 30% recycled glass. Glass can be recycled indefinitely as its structure does not deteriorate when reprocessed. Other markets for recycled glass include:
· Glass in ceramic sanitary ware production 

· Glass as a flux agent in brick manufacture 

· Glass in astroturf and related applications (e.g. top dressing, root zone) material or golf bunker sand 

· Glass as water filtration media 

· Glass as an abrasive 




Public glass collection point for separating clear, green and amber glass
Paper
Paper can be recycled by convert it into pulp and combing it with pulp from newly harvested wood. As the recycling process causes the paper fibres to breakdown, each time paper is recycled its quality decreases. This means that either a higher percentage of new fibres must be added, or the paper is recycled into lower quality products. Any writing or colouration of the paper must first be removed by deinking, which also removes fillers, clays, and fiber fragments. 
Almost all used paper products can be recycled, but some types are more difficult to be recycled than others. Papers coated with plastic or aluminium foil, and papers that are waxed, pasted, or gummed are usually not recycled because the process is too expensive. Wrap paper also cannot be recycled due to its already poor quality. 
Glossy inserts have a heavy clay coating that some paper mills cannot accept. Most of the clay is removed from the recycled pulp as sludge which must be disposed of. If the coated paper is 20% by weight clay, then each ton of glossy paper produces more than 200 kg of sludge and less than 800 kg of fiber.
While there are differences depending on the specific type of paper being recycled (corrugated fiberboard, newspaper, mixed office waste), recycling processes include the following steps:

· Pulping: Addition of water and application of mechanical process to separate fibers from each other. 

· Screening: Use of screens, with either slots or holes, to remove contaminants that are larger than pulp fibers. 

· Centrifugal cleaning: Spinning of the pulp slurry in order that materials which are denser than pulp fibers to move outward and be rejected. 

· Flotation: Passing of air bubbles through the pulp slurry, using surfactants, in order ink particles to be collected with the foam on the surface (deinking). By removing contaminated foam, pulp is made brighter.  

· Kneading or dispersion: Mechanical process is applied to fragment contaminant particles. 

· Washing: Small particles are removed by passing water through the pulp. 

· Bleaching: If white paper is desired, bleaching uses peroxides or hydrosulfites are used in order to remove color from the pulp. 

· Papermaking: The clean (and/or bleached) fiber is made into a new paper product in the same way that virgin paper is made. 

· Dissolved air flotation: Process water is cleaned for reuse. 

· Waste disposal: The unusable material left over, mainly ink, plastics, filler and short fibers, is called sludge. The sludge is buried in a landfill, burned to create energy at the paper mill or used as a fertilizer. 

Plastic

Plastic recycling is the process of recovering scrap or waste plastics and reprocessing the material into useful products. Compared to glass or metallic materials, plastic poses unique challenges. Because of the massive number of types of plastic, they each carry a resin identification code and must be sorted before their recycling. This can be costly; while metals can be sorted using electromagnets, no such 'easy sorting' capability exists for plastics. In addition to this, while labels do not need to be removed from bottles for recycling, lids are often made from a different kind of non-recyclable plastic.

Table 3 presents the main types of plastics.

	Type of plastic 
	Properties
	Common Packaging Applications

	Polyethylene Terephthalate (PET, PETE)
	Clarity, strength, toughness, barrier to gas and moisture.
	Soft drink, water and salad dressing bottles; peanut butter and jam jars

	High Density Polyethylene (HDPE)
	Stiffness, strength, toughness, resistance to moisture, permeability to gas.
	Milk, juice and water bottles; trash and retail bags.

	Polyvinyl Chloride (PVC)
	Versatility, clarity, ease of blending, strength, toughness.
	Juice bottles; cling films; PVC piping

	Low Density Polyethylene (LDPE)
	Ease of processing, strength, toughness, flexibility, ease of sealing, barrier to moisture.
	Frozen food bags; squeezable bottles, e.g. honey, mustard; cling films; flexible container lids.

	Polypropylene (PP)
	Strength, toughness, resistance to heat, chemicals, grease and oil, versatile, barrier to moisture.
	Reusable microwaveable ware; kitchenware; yogurt containers; margarine tubs; microwaveable disposable take-away containers; disposable cups and plates.

	Polystyrene (PS)
	Versatility, clarity, easily formed
	Egg cartons; packing peanuts; disposable cups, plates, trays and cutlery; disposable take-away containers;

	Other (e.g. polycarbonate or ABS)
	Dependent on polymers or combination or polymers
	Beverage bottles; baby milk bottles; electronic casing.


