| S RNI No. RAJHIN/2007/26996
- R g ISSN 0976-7452 Raaso
' . Refreed Journal

F=afaud ATy ey afehr

ay-18, 3ftp-1, f&wmee 2024 STeaR) WAl 2025




RNI No. RAJHIN/2007/26996
ISSN 0976-7452Raaso

Refreed Journal

Q'L@L

H-18 AF - 1 feaa-2024, I9ai-FET-2025
HISER
=1 feren == vl
faewrs
SHifeafee s Hee, Y9 ik $HEIegerd, Se (Tsem)
(s )
[t UL UL 9T - gd e, Al ganed e, Seag (TSeE) J
. (TeTER HUsH ) .
% . faar sursamg - HitR, Tfter oS s Henia fam,
e favafaamem, s (TS1)
* THST UHIE ST - WiGg Sifecasr o Genfd e, Ter (959 9297)
R R - A Hew, ghm feram v sars e e,
FSH (T,
* ST TV AT ~ U T HRTeE, S R, SIS (TSR )
* = TiRg faear - HeATHE, faureas, yeer seEa e,
Terhig AfvEie sarfaee, st (T9)
* . &= vt ~ e ferese, Tt formam, wfentt sman eTforrerd, Sein
* Y. yirar 3w fagm - a7 e T, Tt e, T weTeee,
T
* BN o wehtyl faemel - qd wews frds, S fad e, = faestr




‘¥ - ghes, Twply, ke vd asfa 9f Senfae eter i T - 18, 373 -1, [GHea-2024, GofeR|-Eael 2025

U 3U AFESH
1. Har urie
graref
BT ldct gIcicyc 3 g UUS STelciion, 3oidHe

2 Udes HAeedh
1. Aot oAt
Fe-3mare

EPHT lideT gTIcYe b HTSH UUS caeiciianl, HoaH?

Y TEIE HAFCH

2. foreep1a oAt

HBA PAR ATELTL

% FEes/ata
ARSI BT
Hotel AT,
3rmEHe, 9% FER,
FETEE, ATHT-06
THTY : 0145-2426610
e-mail ; raseajmjournal@gmail.com

V0 BT : U HeED -

gear eraAf Fat amd freed,
Wms THITIGT, IEHT
SIeT 3TEHe Ufectipred,

3T

X BFEIEIges Al
sfiferarar Rreeanftra
132, U9ae Picirel,
3ISTHT THTY : 0145-2442701 o oo

* aiftfes HEXTAT - 500 B. (IR 3ih) A3l &g - 600 B. (AR 37)
U 3Aep [ gToeE [FA3TST AT GouT AT, wepiers, e uferbeed,
3TSTHT- 305006 & ATH 3o |

WeRTYTe: - 3t uar vt 51,1509, 9 faRw, wiera, e gRT i o e, or
it 37 F weahiyTa wd W - siradt v i grn e ond fued, S, e @ gl

(2)



‘=Rl - e, Tty e vd avia o Swfys ahertis Y - 18 , 31 -1, [GHeae-2024, Sefal-tseaal 2025

Chemical Recycling: Transforming Waste into
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1. Introduction

Plastic waste and industrial chemical residues are increasing at an alarming
rate, creating serious environmental, health and economic challenges.
Conventional recycling techniques, especially mechanical recycling, do not fully
solve the problem because they degrade polymer quality and cannot handle
mixed or contaminated waste. In this context, chemical recycling has emerged
as an advanced and sustainable solution. It involves breaking down waste
materials at the molecular level to produce new monomers, fuels, chemicals,
and value-added materials.

Chemical recycling plays a crucial role in the circular economy, enabling
waste-to-resource transformation and reducing dependence on fossil feedstocks.
This article provides a detailed analysis of the chemistry behind chemical
recycling, its processes, technological advancements, environmental benefits,
challenges, and future prospects.

2. Concept and Principles of Chemical Recycling

Chemical recycling refers to technologies that chemically convert post-
consumer waste-especially plastics-into:

Monomers

Petrochemical feedstocks
Synthetic fuels

Specialty chemicals
Carbon-based nanomaterials

The main chemical principle involves depolymerization, in which long
polymer chains are broken back into smaller molecules by applying heat,
catalysts, or chemical agents.

The recovered products can be re-polymerized or used as raw materials
in the chemical industry.
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2.1 Advantages over Mechanical Recycling Mechanical Recycling
Chemical

Recycling

Breaks plastics physically Breaks plastics chemically Produces low-quality
recycled materials Produces virgin-like raw materials Cannot handle mixed waste
Can handle mixed, contaminated waste Limited recycling loops Infinite recycling
potential

Thus, chemical recycling offers a long-term, high-efficiency waste
management alternative.

3. Major Chemical Recycling Technologies

3.1 Pyrolysis - Pyrolysis involves thermal degradation of organic waste
in the absence of oxygen.

Temperature: 400-800°C.

Chemical reaction example (polyethylene):- (CH, - CH,)" — hydrocarbons
(C, - C,,), waxes, gases

Products generated: Pyro-oil (can be converted to fuels or chemicals)
Syngas

Wax

Carbon residue

Industries use pyrolysis especially for polyolefin waste like PE, PP, which
are difficult to recycle mechanically.

3.2 Gasification

Gasification converts carbonaceous waste at high temperatures (>1000°C)
with limited oxygen to produce syngas (CO + H,).

General reaction:
C+HO->CO+HC+ 0O, CO,
Syngas is further used to manufacture:
* Methanol

* Ammonia

* Fischer-Tropsch fuels

* Hydrogen gas

Gasification is suitable for mixed waste, biomass waste, and industrial
residues.

3.3 Depolymerization
Depolymerization breaks polymers into monomers or oligomers using
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chemical agents such as acids, bases, or solvents.
a. Glycolysis
PET + Ethylene glycol - BHET (bis-hydroxyethyl terephthalate)
Used for PET bottles, polyester fabrics, food packaging, etc.
b. Methanolysis
PET + Methanol — terephthalate) + EG DMT (dimethyl)
DMT is reused for high-quality PET production.
c. Hydrolysis
PET + Water — TPA (terephthalic acid) + EG
Hydrolysis is eco-friendly and produces high-purity monomers.

3.4 Hydrogenolysis - A catalytic process where polymers are broken
down using hydrogen under high pressure.

Produces:

Lubricants

Waxes

Ligquid fuels

Important catalysts: Ru/C, Pt-based systems.

3.5 Solvent-Based Recycling (Dissolution & Reprecipitation)

This method selectively dissolves a polymer without changing its structure,
then precipitates it for purification. Useful for PVC, PS, Nylon, and multilayer
plastics.

3.6 Chemical Upcycling

Upcycling refers to converting waste materials into higher-value chemicals
such as:

Carbon nanotubes
Graphene

High-value monomers
Specialty surfactants
Biodegradable polymers

For example, polystyrene can be chemically converted to styrene oil, which
is used in adhesives and coatings.

4. Waste Types Suitable for Chemical Recycling
Plastic waste (PET, PE, PP, PVC, PS, polyamides)
Industrial chemical residues

Agro-waste biomass
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Electronic waste

Rubber and tyre waste

Mixed municipal solid waste

Textile waste (polyester, nylon)

Thus, chemical recycling has a broad scope in industries.

5. Applications of Chemical Recycling Products

5.1 New Polymers

Monomers recovered from PET, nylon, and polystyrene are reused to
synthesize virgin-quality polymers.

5.2 Fuels and Energy

Pyro-oil and syngas are converted into:

Diesel

Gasoline

Hydrogen

Industrial heat

5.3 High-Value Chemicals

Recovered chemicals are used in:

Paints and coatings, Detergents, Solvents

Pharmaceuticals,Adhesives,Plasticizers

5.4 Carbon Nanomaterials

Polyolefin waste can be converted into:

Carbon nanotubes, Graphene flakes, Carbon black

These materials are used in electronics, batteries, and composite materials.

6. Environmental Benefits

6.1 Reduction of Plastic Pollution

Chemical recycling converts non-recyclable plastics into usable materials,
reducing landfill and ocean waste.

6.2 Lower Carbon Footprint

Using recycled monomers reduces the need for petroleum extraction,
lowering greenhouse gas emissions.

6.3 Sustainable Circular Economy

The waste produced in one sector becomes the raw material for another,
promoting resource efficiency.
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6.4 Energy Recovery

Pyrolysis and gasification generate fuel and energy, replacing fossil
resources.

7. Challenges in Chemical Recycling
7.1 High Cost and Energy Demand

Some processes require high temperatures, pressures, and expensive
catalysts.

7.2 Technical Complexity

Separating and purifying monomers from mixed waste streams is
challenging.

7.3 Contamination Issues

Waste plastics often contain dyes, stabilizers, fillers, and additives which
interfere with recycling chemistries.

7.4 Limited Industrial Scale
Large-scale commercial plants are still limited due to high capital costs.
8. Future Prospects

Chemical recycling is expected to become a backbone of global waste
management due to:

Growing plastic consumption, Increasing environmental regulations , Rising
demand for sustainable materials , Carbon neutrality goals (Net Zero 2050)

Future plants will combine Al, automation, advanced catalysis, and
renewable energy, making waste-to-chemical conversion more efficient.

9. Conclusion

Chemical recycling represents a powerful and sustainable approach to
converting waste into valuable chemicals and materials. By breaking down
polymers at the molecular level, it overcomes the limitations of mechanical
recycling and supports a circular economy. Modern technologies such as
pyrolysis, gasification, depolymerization, hydrogenolysis, and solvent-based
recycling are helping industries recover high-quality monomers, fuels, and
specialty chemicals.

Although technological and economic challenges remain, ongoing research
in catalysts, biotechnology, and green engineering is rapidly advancing the field.
With increasing global focus on sustainability, chemical recycling will play a major
role in reducing pollution, conserving resources, and creating a cleaner, greener
future.
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