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7. Re-use, sort, mechanical chemical and biological recycling and planning

7.1. Mechanical recycling
The mechanical recycling of plastics refers to the processing of waste plastics into secondary raw materials or products through mechanical processes (collection, sorting, packaging, washing and drying, pellets, raw materials) without significantly changing the chemical structure of the material. In principle, all types of thermoplastics can be recycled mechanically with little or no impact on quality.
Mechanically recycled plastic can replace virgin plastic, which is the advantage of mechanical recycling. However, it is very difficult for mechanical recycling to achieve the quality of virgin plastic. Although the quality of virgin plastic can be achieved by modified processing, it must be built within the cost allowable range, which is a disadvantage. Nevertheless, mechanical recycling is still the focus of professional research at home and abroad.
       7.1.1 Re-use process
Collection: The mechanical recycling process begins with collection. At this stage, the end user is crucial. 
Sorting: In the recycling station, the materials that meet the mechanical recycling conditions are sorted by type and color. 
Packaging: Plastic may undergo a mechanical packaging process (for pressing plastic) or grinding (for grinding plastic).
Washing and drying: After completing the above steps, the product is washed and dried.
Granules: After completing these steps, the product will undergo reprocessing steps to form granules. These steps are aggregation, extrusion and cooling.
Raw materials: Finally, the pellets are transformed into raw materials for new plastics.
       7.1.2 Sort
       7.1.2.1 Segregated Plastics——Primary products 
       7.1.2.2 Mixed Plastics——Secondary products
7.2. Chemical recycling 
Annually, according to Plastics Europe 2015 report, 150 Mt of plastic waste end up as landfill. This considerable amount has high potential as feedstock or as energy recovery. Although latter is environmentally less favourable, energy content of plastics is comparable to that of heating oil. Energy recovery of plastics yield toxic and noxious dioxins requiring strict regulations and efficient pollution control measures. Mechanical recycling has its own drawbacks as mentioned earlier. These difficulties have led into increased interest in chemical recycling. This type of recycling has high potential for mixed and contaminated plastics if separation otherwise is uneconomical or technically unfeasible. It is based on converting polymers into smaller molecules to be reused as new raw material. Chemical recycling is currently in use for feedstocks such as PET, PUR and nylon as they are closely related to conventional petroleum fractions. (Kim Ragaert et al. 2017)

7.2.1 Chemolysis 
[bookmark: _GoBack]Chemolysis is accepted as sustainable and chemical recycling methods are opening new ways for using waste as precursor for pure value-added products. However, chemically recycled polymers are currently more expensive than virgin material and e.g. for PET chemolysis facility to be economically viable, a minimum throughput of 1500 tons annually is required. Known chemolysis processes are pyrolysis, fluid catalytic cracking, various hydrogen techniques e.g. hydrocracking and gasification.  (Kim Ragaert et al. 2017)

Pyrolysis is used for plastic waste feeds that are currently not mechanically recycled but incinerated and/or used as landfill. Such plastics include mixed PE/PP/PS, multilayer packaging, fiber-reinforced composites and polyurethane from construction and demolishing waste. 
Pyrolysis can handle highly contaminated and highly heterogenous mixtures adding flexibility to process with respect to feedstock. However, economically viable and satisfactory separation of all different types of plastic is hardly achievable.  Pyrolysis process involves heating polymers, in absence of oxygen, at moderate to high temperatures (500 oC, 1-2 atm). High temperature will break the macrostructure into smaller polymers either via depolymerization or random fragmentation depending on the nature of polymer. Decomposition residues are in gas, liquid and solid phases requiring novel separation techniques and further processing. Products include syngas, petroleum fractions and carbon char. Key difficulty is the complexity of reactions and different polymers give rise to completely different product spectra which are also affected by presence of certain impurities (e.g. oxygenates). (Kim Ragaert et al. 2017)

Fluid catalytic cracking (FCC) yields narrower product spectra than thermal decomposition and it can be directed towards desired product type like fuels, commodity- or fine chemicals. In addition, the use of catalysts allows less stringent reaction conditions lowering total operating costs of the process.  FCC can be divided into two types: liquid phase and vapor phase. In liquid phase the catalyst meets the molten polymers phase where it aids converting partially degraded oligomers. In vapor phase processes, the vapors formed in cracking are brought into contact with solid catalyst.  Main advantage is lowering reaction temperatures from above 450 oC to 300-350 oC when using catalysts. Drawbacks include having Cl and N components in the raw waste stream quickly deactivate the catalyst. Therefore, harsh pre-treatment is often required. Commercial application goal is to produce transport grade fuels. (Kim Ragaert et al. 2017)

Main difference between hydrocracking and catalytic cracking is the addition of hydrogen. Process happens at elevated temperature (375 oC - 400 oC) and pressure (~70 atm) in the presence of Ni/S or NiMo/S supported catalyst. First SPW is liquefied with low temperature pyrolysis and non-distillable material is filtered. Then liquid is sent to the catalyst bed where presence of hydrogen increases product quality (higher H/C ratio and lower aromatic content) e.g. high yield of paraffin. Other main advantage is excellent handling of heteroatoms and no toxic products such as dioxins. Also, good naphtha stream can be produced, and mixed plastic can be used.  This comes at high investment and operational costs: high pressure, temperature and hydrogen (costs about 2500 € per tonne). (Kim Ragaert et al. 2017)

Gasification process can convert almost every feed composed of organic material, pretreated or not, to a gaseous mixture containing light hydrocarbons (CO, CO2, H2, CH4...) via partial oxidation. It requires an oxidation agent, such as pure oxygen and steam. While simply air is also enough, it comes with several disadvantages like higher NOx formation and high gas flowrate. During gasification process the feed goes through several reactions resulting in ‘syngas’ or synthesis gas. This gas contains light hydrocarbons and impurities like NH3, H2S, NOx. Syngas is valuable flammable gas that is basis for many different products. Different gasifiers exist of which fluidized, fixed bed and entrained flow are most common ones. 
 (Kim Ragaert et al. 2017)
7.3. Biological recycling
Biological recycling of biodegradable plastics contributes to the organics recovery and reducing plastic waste. It is the recycling of organics using living organisms found in one or more processes, and ultimately in the soil or water.
In commercial applications, the property of the degradable polymer can be divided into three stages.  The product must be strong and tough at the outset. In the second stage, it should be physically disintegrated under the influence of the environment and be chemically transformed to carboxylic acids, alcohols, and hydroxy acids. In the third stage, environmental microflora can convert most of the polymer into biomass, CO, and water environmental microflora.
There are four main types of polymers which are environmentally degradable.
7.3.1 Photolytic Polymers
The photolytic polymers fragment quickly in UV light. In the photolytic polymers, copolymer of ethylene and carbon monoxide (E-CO) has been widely studied and applied, and carbonyl-modified polymers have a high speed in photodegrading, so it cannot be used in mulching films. 
7.3.2 Peroxidizable Polymers
Unsaturated carbon-chain polymers are sensitive to peroxidation, and then it can be biodegraded.
7.3.3 Photo-biodegradable Polymers
7.3.4 Hydro-biodegradable Polymers

7.4. Find from the Internet 2-3 examples about the cases of polymers mechanical recycling processes.
Example 1
PMD (plastics, metals and carton drink packages) is a separate collection scheme for "plastic, metal and packaging for drinks" in Belgium. The municipality collects these selected packaging wastes in a single waste bag, which is cheaper for citizens than household waste. The bag can hold all "solid bottle" packaging waste (water, lemonade, milk, soap and detergent bottles), metal cans (beverage cans, canned food and cosmetics such as deodorant) and carton packaging for beverages. For plastics, this will produce mostly PET, then HDPE and a small amount of PP (mainly bottle caps). LDPE is included through the accompanying label. The collected bags are sort the different materials. For plastics, this is bales of PET (clear, blue and green), HDPE and the remainder. Optionally, PP grade fractions can also be picked out.
Example 2
Reclamat process was used by Plastic Recycling Ltd. In the UK in the 1980s. It can accept any mixtures of plastics and some non-plastic materials like paper and metals. This process does not include a screw extruder. Granulated waste is laid on a black plastic film and covered with identical plastic film to form a ‘sandwich’. Mixed plastics are then sintered by passing them through an oven after which they are compression moulded into a board. Product is tough but has poor dimensional stability when under load. Commercial name for the product was ‘Tuffboard’ and it was used mainly in agricultural structures where non-absorbent, waterproof qualities were important. Later it was used by Irish Superwood Ltd. under name ‘Stokbord’ and it worked well as impact protection for pipes and underground channels. (Polymers and the Environment. p. 85-86)
Example 3
Aerobic composting (AC): 
The aerobic composting uses microorganisms to decompose the organic matters, in which process, the oxygen is required, and the by-products are heat, carbon dioxide, and water vapor.
According to the consensus-based industry standards (ASTM), there are four requirements of composability. The first is during the disintegration process, the ultimate products do not contain visible fragments of the biopolymer product, and after 12 weeks of AC, <10 percent of the product’s mass remain on a 2mm sieve.  The second is for the biodegradability, the biopolymer products and the biopolymer molecules need to be fully biodegraded, and they cannot accumulate in the environment.  The third is the product is not allowed to introduce 11 heavy metals or fluorine that exceed regulatory limits. The fourth is that there are no harmful effects in the byproducts of the final compost.

Source：
https://www.ncbi.nlm.nih.gov/pubmed/28823699
http://www.uusiomuovi.fi/fin/kuluttajalle/household_packaging_recycling/
Scott, G.1999. Polymers and the Environment. The Royal Society of Chemistry. 
Kim Ragaert, Laurens Delvaa, Kevin Van Geem. 2017. Mechanical and chemical recycling of solid plastic waste. https://www.sciencedirect.com/science/article/abs/pii/S0956053X17305354
https://www.biocycle.net/biological-recycling-biodegradable-plastics/
https://www.globalcomposting.solutions/hhj
http://www.circulareconomyasia.org/mechanical-recycling/
http://www.icpe.in/waste_seg.htm

1
[image: ]
image1.png
iefrtog
®

CIRKULAR EKONOMI YH
CIRCULAR ECONOMY UAS




image2.png




image3.png




image4.png
This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
@ @ @ @ View the license at https://creativecommons.org/licenses/by-nc-sa/4.0/.

Commercial use is allowed only to the partners of the Circular Economy UAS project 2018—-2020 (OKM funding
decision OKM/302/523/2017).




