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Due exceptional properties such as its high-temperature resistance, mechanical characteristics, and relatively lower price,

the demand for carbon fiber has been increasing over the past years. The widespread use of carbon-fiber-reinforced

polymers or plastics (CFRP) has attracted many industries.
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1. Polylactide (PLA)

Polylactide (PLA), one of the bio-based polymers used as shown in Figure 1, is a biodegradable polymer utilized in a

wide range of applications including automation, packaging, and 3D printing. Because it is easily available and

convenient, polylactic acid PLA is an ideal candidate for a polymeric material; yet it lacks thermal and mechanical stability.

PLA is predicted to break down at a temperature of around 400 degrees Celsius. However, because of its limited thermal

stability, recycling the material and extracting valuable components from the matrices is time-consuming .

Figure 1. Chemical Structure of Polylactide Acid.

Polylactic acid (PLA) is an aliphatic polyester. Carothers DuPont discovered PLA in 1932 by heating lactic acid under a

vacuum. PLA has piqued the interest of researchers over the last two decades due to its superior processability and

characteristics when compared to other biodegradable polymers. Pre-preg is a composite material composed of “pre-

impregnated” fibers and partly cured polymer matrices, including epoxy or epoxy resins, or a thermoplastic combined with

fluid elastomers or resin . PLA has been widely electrospun—pure PLA, PLA blends, and their nanocomposites

created with metals, metal oxides, and carbon nanotubes—to control its functionality concerning end purposes, making it

superior to petroleum-based polymers such as polyethylene (PE), polypropylene (PP), polystyrene (PS), polycarbonate

(PC), and polyethylene terephthalate (PET) . Due to the substantially inadequate mechanical performance of pure

thermoplastic material like PLA , the mechanical properties can be improved by adding reinforcement material such as

continuous carbon fiber (CCF) to the thermoplastic matrix to form a continuous carbon fiber reinforced polymer composite

(CCFRPC), which could be used in different engineering applications, such as 3D printing. The reinforcement of natural

fibers with biopolymers is an efficient technique to develop composites that are fully biodegradable , by incorporation of

various percentages of untreated and alkali-treated Coir Fibers (CF) and pineapple leaf fibers (PALF) in PLA

biocomposites and characterizations of flexural, morphological, and dynamic mechanical properties that will provide

attractive consideration of these hybrid biocomposites for various lightweight uses in a broad selection of industrial

applications. Unidirectional flax fabrics were used to reinforce poly(lactic acid) (PLA). Flax/PLA composites were produced

by thermo-compression using as-received flax fibers and titanium dioxide (TiO ) coated flax fibers , to investigate the
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effect of annealing temperature and time, under quiescent or mechanical stress conditions, on the microstructure,

interfacial adhesion, crystallization, and mechanical properties of composites.

The development of creative ways for generating sustainable solutions for manufacturing items with high durability, longer

shelf-life, and quality retention after recycling is required by the goal of the plastic economy. Additionally, the effective

recycling of the plastics and the multi-layer plastics is considered challenging due to their composite nature . For such

cases, mechanical recycling is more resource-efficient; however, it is limited to exposure to harmful substances included

in the recycling process as compared to incineration and chemical recycling. To reuse the recycled materials, 3D printing

can be used .

Commercial PLA degrades slowly under natural settings because its continued existence may harm the ecosystem.

Moreover, discarding the PLA due to slow natural degradation is not a wise choice due to the loss of many useful

compounds such as the hydroxyl group . Therefore, customized settings of the important parameters in this regard are

necessary for the degradation of PLA . Furthermore, throwing out PLA can result in the loss of essential components

such as hydroxyl groups. As a result, recycling PLA is crucial to limiting the use of renewable resources for such

monomers .

PLA recycling is greatly desired because it may be used to generate environmental compatibilizers that can be utilized to

improve composite products made from PLA, preserving the material’s eco-friendliness. PLA-based composites with

natural fiber have numerous applications due to their easy processing, low toxicity, high mechanical strength, etc., making

the need for sustainable recycling of these materials an effective need of a sustainable environment . Furthermore,

because PLA is substantially heavier than other commodity polymers (e.g., high-density polyethylene (HDPE)), and low-

density polyethylene (LDPE), it can be easily separated based on density, making polymer retention very useful .

2. Carbon Fiber Reinforced Polymers (CFRP)

Carbon fiber reinforced polymers or plastics (CFRP) are gaining popularity owing to their wide range of applications in

industries such as aviation, military, vehicle manufacturing, transportation, architecture, sports industries, and medicine 

. Carbon fibers were initially created in the 1960s, and by 2006, almost 27,000 tons of carbon fibers were being

produced worldwide, with that figure expected to rise to 140,000 tons by 2020 . Carbon fiber demand has increased by

15% each year over the last few years, as shown in Figure 2. Therefore, the increasing demand for Carbon Fiber

Reinforced Polymers (CERP) is also considered necessary due to the increasing consumption of plastic, which leads to

increased plastic waste, thereby resulting in the growing demand for better and more efficient recycling .

Figure 2. Increasing Carbon Fiber demand over the Years .

Furthermore, no expensive equipment or consumables are needed, and low-skilled labor is sufficient to manufacture the

parts, further reducing costs . As a result, due to high material and manufacturing costs, upcycling waste core

material has the potential to expose new products, processes, and markets for composites that were formerly unattainable

to virgin composites. To counter this, the extrusion process is presented as a viable solution that assists in the

degradation of polythene, making its recycling more feasible . The suggested techniques may easily generate a range

of flat and curved product shapes from scrap prepreg, and demonstrator components back up this assertion .

The parts include a curved section, a prototype RSRF prosthetic ankle/foot, and a typical hat stiffening panel .

Additional demonstration parts, including tubes, flat panels, and sandwich panels, have been created in the lab of United
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Arab Emirates University under the Department of Chemical and Petroleum Engineering .

Scrap prepreg can be used to make structural design parts that can be used to construct larger structures. Thin and thick

panels, cylinders, sandwich structures with honeycomb or foam cores, hat stiffeners, and even scrap prepreg with a

variety of types of fiber and resins, such as glass, carbon, and Kevlar fibers with diverse composites, have all been

combined in the same part . The components based on CF/epoxy have maximum expected application in the

construction, both indoor and outdoor furnishing, and building structures due to their durability against humidity and the

least vulnerability to insect invasion . The CF/epoxy’s components are durable in the presence of humidity, and it is a

great material for interior and external furnishings, as well as a basic building element because it has a low insect

invasion. Container ships, which are currently composed of denser materials such as aluminum, worn steel, and wood,

could benefit from the usage of prepreg trash .

Green environmental legislation and worldwide regulations have compelled researchers to investigate several strategies

for recycling CFRP trash. However, this is difficult because the heat-stable matrices of CFRP do not melt with heating.

The techniques other than heating are considered less viable due to their complex procedures. Thermo-mechanical

recycling, therefore, is investigated by many researchers all around the globe as the optimum method in such a scenario

. Thermoset polymers are employed as matrices in structural CFRPs, accounting for about 80% of polymer

composites. Mechanical strength, durability, chemical, and thermal resistance, and dimensional stability are all

advantages of this material. However, because processed thermoset polymers are crosslinked, recovering the fibers is

challenging as they cannot be easily heated, shaped, processed, or re-crosslinked following treatment . Recycling

CFRP trash reduces greenhouse-gas emissions associated with CFRP waste while also providing an inexpensive option

to make high-value carbon fibers. By 2030, 6000–8000 business-related aircraft will have reached the end of their useful

lives. As a result, there is an urgent need to create effective and sustainable waste management and recycling techniques

for CFRPs .

2.1. Recycling Techniques

CFRP trash is disposed of and burned at landfills. Different techniques such as incineration, laser-based burning, etc., are

employed by different public and private sectors according to the quantity of disposal, resources available, and the

applications desired . Several nations have adopted landfill taxes in an attempt to reduce trash disposal, as well as

material recycling, such as CFRP waste. CFRP waste recycling entails not only recycling carbon fiber but also using

recovered carbon fibers (rCFs) in the manufacturing of new material. Therefore, the quality alongside the quantity of the

recovered or recycled carbon fiber is required as an important parameter not only for the process of recycling but also for

the further application of the recycled product .

According to an article published in 2005 by Keiji Ogi, “As far as the authors know, products employing recycled CFRP

have not been disclosed although some research may be undertaken in laboratories. As a result, no recycling system for

CFRP wastes has been built around the globe thus far.” However, several uses have been developed since that time to

properly utilize CFRP waste. Generally, recycling CFRP is divided into two stages: first, reclamation of carbon fibers from

CFRP waste, then production of rCF reinforced polymer (rCFRP) as demonstrated in Figure 3 .

Figure 3. Recycling Process from Virgin Carbon Fiber to CFRP.

2.2. Mechanical Method

Mechanical recycling is the most common method of recycling CFRP . This approach consists of multiple procedures

for reducing waste quantity. Initially, the CFRP is chopped to a size of 50–100 mm, and then additional grinding is

employed to provide a range of properties ranging from ash to fibrous . Damage to processing equipment caused by
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CFRP recycling procedures raises recycling operating costs, reducing the economic margin of recycling products. The

mechanical procedure is risk-free and may be finished at room temperature. This method can hold debris up to 50 mm

and attain 50–65% of the tensile strength of fresh carbon fibers. The most serious risk for this method is the dust

generated by the recycling mechanism .

Fused Filament Fabrication (FFF) is considered one of the latest and most effective Additive Manufacturing techniques

with high expectations of sustainable manufacturing, but the mechanical properties of polymers manufactured using this

method are considerably lower than those manufactured by the traditional methods. Therefore, mechanical methods of

recycling can be used for such processes .

2.3. Pyrolysis

Pyrolysis is the thermal breakdown of polymers in the absence of oxygen in the atmosphere (300 °C to 800 °C), allowing

the fibers to rebound with a high modulus. A greater temperature (around 1000 °C) can be employed, but this would result

in mechanical property degradation. Carbon fibers derived from pyrolysis retained 90 percent of their original mechanical

strength, according to studies. Pyrolysis is also used for the investigation of the types of binding materials used in the

polymeric materials available in modern paints as implemented in the research of multi-analytical analysis of the “Orange

Car Crash” study . Furthermore, the polymeric framework has the potential to be utilized as oil droplets of liquid

hydrocarbons. The pyrolysis method is recognized as a long-term CFRP recycling process .

2.4. Chemical Method

Several solvents are used in the chemical process to break down polymer resin and separate it from carbon fibers.

Chemical recycling can recover high-quality carbon-6 fibers with a tensile strength of 98.9%. According to the latest stats,

recycling CFRP with the chemical technique consumes 38.4 MJ/kg of energy, which is nearly equivalent to 10–30% of the

total energy required to manufacture new fibers. Although  the chemical approach is feasible, the treatment

temperature, solvents, and equipment have negative environmental consequences.
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