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Abstract 

The construction and demolition (C&D) waste is among the largest streams of solid-waste in the world, 

which has posed significant environmental, economic, and resource utility issues. Common waste 

disposal techniques – such as landfill and low-grade recycling – contribute to destruction of the 

material and wasteful characteristics. Polymers as methods of stabilizing mixed C&D waste and 

converting it into a high-performance construction material have become one of the promising methods 

in recent years. The review digs into how C&D waste can be converted into useful building products 

using polymer binders, modified matrices and composite technologies. We pay attention to major 

polymer-composite solutions: thermoplastic and thermosetting composite systems, polymer–cement 

composite, fiber-reinforced polymer (FRP) composite, and recycled polymer and aggregate much-

recycled composite. The review describes the encapsulating property of the polymers in cases where 

the waste is contained, full of adhesion between interfaces, the stabilization of components of the 

polymers through chemical means and durability enhancement. It also promotes the new recycled, bio-

based, and functionalized polymers in construction sustainability. The main challenges that we evaluate 

critically include the compatibility of materials, their long-term performance, capacity of scale up, and 

their environmental effects. This article provides a blueprint of future polymer composites using C&D 

waste by combining research trends integrating a polymer-chemistry lens. As demonstrated by the 

results, polymer-based solutions can be used to promote circular-economy objectives in construction 

as well as consider structural, durability, and sustainability factors. 
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INTRODUCTION 

Urban infrastructure is growing at a very fast pace; 

the regular refurbishment and demolition of 

constructions create great volumes of construction and 

demolition (C&D) waste. Such waste consists of 

concrete, bricks, masonry, asphalt, wood, metals, glass 

and plastics with concrete constituting the largest 

proportion of them [1]. Traditional methods of waste 

disposal, including landfilling or low-grade reuse are 

not sustainable due to landfill space, environmental 

issues, and the wastage of precious resources. 

 

C&D waste recycling mainly consists of mechanical 

treatment, or in crushing broken concrete into 

aggregates. However, due to unfortunate reasons, 

these recycled aggregates are not as strong, porous, 

absorb water more, and they are less durable 

compared to fresh materials. Due to this, they can 

only be utilized on non-structural or light load 
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activities. This requires a superior solution to stabilize the various waste streams and enhance the 

efficiencies of the waste streams [2]. 
 
Polymer chemistry can provide these obstacles. Polymers can combine mineral waste as their 

molecular structures are adjustable, there are numerous functional groups, and processing methods are 
flexible. Polymers enhance interfacial adhesion, reduce permeability, enhance toughness, and give 
chemical resistance as binders, modifiers or matrices [3]. These advantages are critical in coming up 
with polymer composites that integrate other phases to enhance performance. 

 
A study of polymer composites demonstrates that C&D waste may serve as fillers, aggregates or 

reinforcement to develop sustainable building materials based on their use as fillers, aggregates, or 
reinforcement [4]. They include polymer-modified concrete, polymer bonded recycled aggregates, 
fiber-reinforced polymer structure of dissuasive uses of waste fillers and recycled plastic–mineral 
structure, all of which are used as structural and non-structural. 

 
The review examines polymer-based solutions in stabilizing and reusing C&D waste. It focuses on 

the concepts of polymer composites, design approaches and performance improvement. It connects 
simple polymer–waste interactions with real-life building materials to point out its opportunities and 
challenges of advancing a circular economy in the construction industry. 
 
COMPOSITION AND MATERIAL CHALLENGES OF C&D WASTE 

C&D waste is dynamic and mixed so direct usage cannot be easily reused. Its principal products 
are crushed concrete, mortar, bricks, ceramic tiles and asphalt pavement. Secondary materials could 
also include wood fiber, plastics, glass and metal residue. The precise combination varies depending 
on the nature of the building, the way demolition was done as well as in the local construction 
practices [5]. 

 
The main issue with recycled masonry and concrete waste is the mortar attachments to the material. 

Such remaining mortar works on the surface roughness and porosity, making the waste absorb more 
water and creating weaker interfaces when reshaped into new cementitious materials. Strength is also 
diminished by microcracks occurring during demolition and crushing. Durability and long-term 
performance are also compromised by chemical pollutants which include chlorides, sulfates, and 
carbonated compounds [6]. 

 
Composite wise, these problems imply that none of the elements are easily inducted to take up 

stress, the material is more susceptible to moisture degradation and the mechanical property of the 
material is no longer uniform [7]. These issues restrict the utilization of untreated C&D waste in high-
performance polymer of cement-based composites. To overcome that, there is need to process 
stabilization, which modulates the surface chemistry, bonds particles, and renders them less sensitive 
towards the environment. 

 
Treatment in polymer form is helpful in that it forms protective crops, connects particles into cohesive 

structures and enhances the conformity between organic and inorganic components. It can be 
engineered that the polymer characteristics of molecular weight, polarity, and functionality can be 
modified, enabling the creators of interfaces to enhance the mechanical strength and longevity of the 
interfaces, even in extremely heterogeneous waste systems, to be constructed [8]. 
 
POLYMER CHEMISTRY PRINCIPLES FOR C&D WASTE STABILIZATION 

Polymer chemistry has been used as the stabilization both construction and demolition (C&D) waste 
and to convert this waste into useful composite construction materials. The success of polymer-based 
stabilizers is determined by a profound understanding of the molecular structure, chemical properties 
of functional groups, the chain dynamics, interfacial behavior, and phase morphology [9]. Through the 
modification of these factors, polymers may be used as binders, matrices, surface modifier, or interfacial 
enhancement in waste-containing composite. 
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The relations between the polymer chains and the mineral components of waste are important at the 

molecular level. C&D wastes of concrete and masonry contain hydroxyl groups on the surface of 

calcium silicates, aluminates, and carbonates in large amounts [10]. These hydrogen bonds, electrostatic, 

or coordination bonds can be formed between polymers containing polar groups, such as hydroxyl (–

OH) groups, carboxyl (–COOH), amide (–CONH), or epoxy (–C–O–C–) groups, and these mineral 

surfaces. Such interactions enhance wetting and adhesion, which increase the strength of interfaces of 

the composite and effective transfer of stress. 

 

Polymer functionalization is a major technique of enhancing the degree of compatibility between 

polymers and inorganic waste phases. Modifications on the polymers to create grafts – like maleic 

anhydride polyolefins – provide reactive sites that attach strongly onto the surface of the minerals and 

minimize interfacial defects and debonding. Another similar approach is the use of coupling agents and 

surface modifiers to promote the chemical bonding and form stable polymeric/mineral interfaces that 

resist penetration by moisture and other mechanical forces [11]. 

 

Chain flowability and polymer molecular weight make strong influences on processing and  

microstructure of the composite as a final product. The low-molecular-weight polymers can enter the 

pores of the aggregates that are recycled, fill the micro-vaults, and reduce the water. Polymers with 

high-molecular weight offer mechanical reinforcement, toughness, and crack-bridging [12]. The 

thermosetting systems are crosslinked reactions composing three-dimensional polymer networks that 

surround the particles of waste to produce high-sifting, dimensional stability, and chemical resistance 

composite. 

 

Composite performance is also determined by phase morphology. Agglomeration is avoided by 

uniform distribution of polymer phases in mineral matrices to provide uniform mechanical properties. 

Interpenetrating networks of polymer films and cement hydrates are used to enhance the crack 

resistance and durability of polymer–cement composite. Polymerically, stabilized C&D waste materials 

are multiphase materials in which the interfacial chemistry and phase continuity optimization sets levels 

of the macroscopic behavior of C&D waste materials [13]. 

 

Figure 1 illustrates the use of polymer chemicals as a stabilizer of C&D waste in composite materials. 

Polymer chains bind to the surfaces of mineral waste by physical adsorption, hydrogen bonding and covalent 

reactions to form a continuous or semi-continuous polymer matrix. The thermoplastic polymers entrap the 

waste particles, minimizing porosity and water penetration and the thermosetting polymers offer crosslinked 

structures enhancing the mechanical strength and durability. Polymer films in between micro cracks in the 

network, which enhance the inter facade transition zone are developed in the polymer-modified cementitious 

systems, because of the polymer systems giving better performance to the composite. 

 

THERMOPLASTIC POLYMER-BASED COMPOSITES FOR C&D WASTE REUSE 

The composites that can be used to reuse construction and demotion waste are thermoplastic polymer-

based composites that can be processed with ease, tough and can be recycled once more again [14]. 

Wood Thermoplastics Insulated by this system are polyethylene (PE), polypropylene (PP), polyvinyl 

chloride (PVC), and polyethylene terephthalate (PET). A high number of such materials are post-

consumer plastic waste products. 

 

In thermal plastics composites, C&D site wastes including crustal and masonry ruins, and ultra-fine 

powders of minerals serve as filler or aggregates within an uninterrupted polymer meshwork. Upon 

melting, the polymer will proceed to move around and entrap the waste particles. This composes a dense 

composition with very reduced porosity. The encapsulation minimizes water uptake and shields mineral 

phases against chemical assault, and the composite has enhanced durability relative to traditional 

recycled building materials [15]. 
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Figure 1. Schematic representation of polymer chemistry-driven stabilization of C&D 
waste in composite construction materials. 
 

One important issue facing thermoplastic–mineral composites is how to generate effective bonding 
between hydrophobic polymer matrixes and hydrophilic waste materials. Chemical treatment of the 
aggregate surfaces and the addition of compatibilizers – such as maleic anhydride grafted polyolefins – 
are some of the solutions. The gating of these compatibilizers forms polar groups that form bonds with 
mineral surface which enhances transfer of stress and mechanical performance of the composite [16]. 

 
Mechanical properties of thermoplastic composites are found to be related to the amount of filler to 

be added, particle size distribution and the crystallinity of the polymer. Optimized formulations have 
demonstrated compressive strength, flexural resistance and impact toughness sufficient to be put into 
use in paves blocks, wall panels and as a component of modular construction [17, 18]. Shaping 
thermoplastic composites is also not problematic, and their repairs can be made easily, which makes 
them susceptible to recycling after, although they still potentially can be recycled. Table 1 shows 
Polymer Chemistry-Based Composite Systems for C&D Waste Stabilization and Reuse. 
 
Table 1. Polymer chemistry-based composite systems for C&D waste stabilization and reuse. 
Polymer system Polymer type C&D waste 

component 
Stabilization 
mechanism 

Key performance 
benefits 

Typical construction 
applications 

Polyethylene 
(PE) composites 

Thermoplastic Crushed 
concrete, 
masonry fines 

Physical 
encapsulation, 
hydrophobic barrier 
formation 

Reduced water 
absorption, 
improved impact 
resistance 

Paving blocks, non-
structural panels. 

Polypropylene 
(PP) composites 

Thermoplastic Recycled 
aggregates, 
ceramic waste 

Matrix–filler 
reinforcement with 
compatibilizers 

Enhanced 
toughness, 
recyclability 

Modular construction 
elements. 

PET-based 
composites 

Thermoplastic 
(recycled) 

Fine mineral 
fillers 

Polymer–mineral 
interlocking 

Improved stiffness, 
sustainability 

Tiles, façade panels. 

Epoxy-bonded 
aggregates 

Thermosetting Concrete 
rubble, crushed 
stone 

Covalent bonding 
and crosslinked 
network 

High compressive 
strength, chemical 
resistance 

Industrial flooring, 
precast components. 

Polyester/vinyl 
ester composites 

Thermosetting Mixed C&D 
aggregates 

Polymer binding 
and pore sealing 

Fast curing, 
abrasion resistance 

Repair materials, 
prefabricated elements. 

SBR-modified 
cement 
composites 

Polymer-
modified 
cementitious 

Recycled 
concrete 
aggregates 

Polymer film 
formation in ITZ 

Improved flexural 
strength, durability 

Structural and non-
structural concrete. 

Acrylic-modified 
composites 

Polymer-
modified 
cementitious 

Masonry waste Crack bridging and 
permeability 
reduction 

Enhanced freeze–
thaw resistance 

Infrastructure and 
repair applications. 

Composite construction material 

Enhanced durability and strength 

Reduced porosity 

Improved stress transfer 

Crack-bridging polymer film 

Thermoplastic 
encapsulation 

Thermosetting 

polymers 
Reduced pores 

Crosslinked 

network 

Thermoplastic 
encapsulation 

Crushed concrete & masonry 

C&D waste particles 

H 
O 

O 

H 

Hydrogen bonding Covalent bonding 

O CH2 CH 

O + 

+ 

Polymer chains 

Polymer-mineral interface 
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THERMOSETTING POLYMER SYSTEMS AND POLYMER-BONDED AGGREGATES 
In the high-performance composites involving construction and demolition waste, thermosetting 

polymers are absolutely necessary. They are cured by establishment of irreversible crosslinks to form 
three-dimensional networks. This provides them with good mechanical qualities, dimension stability, 
and chemical and environmental resistance. These properties render particularly appropriate in the 
structural and semi-structural construction (with recycled aggregates). 

 
Polymer-bonded aggregates have received the most study regarding thermosetting systems of epoxy 

resins, unsaturated polyesters, vinyl esters, and polyurethanes. The bond of epoxies to the mineral 
surfaces occurs due to the existence of reactive–epoxide groups that bond with the hydroxyl groups of 
the concrete and masonry wastes. This good bonding enhances the transfer of stress and reduces 
interfacial failures making the composites have high compressive and flexural strengths. 

 
In polymer connected aggregates, ordinary cement binders are substituted by thermosetting resins 

eliminating issues of shrinkage during hydration, slow curing and moisture sensitivity. The polymer 
encodes the recycled aggregates, reducing porosity and permeability. Such composites, therefore, are 
more resistant to freeze–thaw cycles, chloride infiltration, abrasion and chemical attacks compared to 
ordinary recycled concrete. 

 
On a chemical level, the polymer-bonded aggregate properties can be adjusted with the help of 

modifying the crosslink density, the rate of curing as well as mix of the resin. C&D waste in a ground 
form can be used as fillers to increase microstructure strength, harden and enhance load-bearing 
capacity. Polyester and vinyl–ester resins are also cheaper compared to epoxies and are used where 
prefabricated parts are required, which require rapid curing. 
 
POLYMER-MODIFIED CEMENTITIOUS COMPOSITES INCORPORATING C&D WASTE 

Cementitious composites with polymer modifications are hybrid materials which form a combination 
of polymer chemistry and old cement-based systems to enhance the performance of a construction and 
demolition (C&D) waste derived material [19]. Polymers are introduced into such systems, either in the 
form of latex emulsions, re-dispersible powders, or as water-soluble polymers and the mixture forms a 
polymer–cement composite matrix during the curing process. 

 
The improvements of the interfacial transition zone (ITZ) between cement paste and recycled 

aggregates, which is the common weak area in recycled concrete, are significantly increased with added 
polymers. Polymer particles inter merge during the process of hydration forming continuous films that 
span between the microcracks and enhance cohesion and reduce stress concentrations around the surface 
of the aggregate. This will prove particularly helpful when working with C&D waste aggregates, which 
might still have adhesive mortar and internal flaws. 

 
Common polymer modifiers are styrene-based butadiene rubber (SBR), acrylic based polymer, 

ethylene vinyl acetate (EVA) as well as polyvinyl acetate (PVA). They enhance flexural, tensile 
strengths, enhance impact resistance, reduce permeability and shrinkage. Polymer-modified recycled 
concrete is viewed as a composite and is composed of cement hydrates, polymer films, and recycled 
mineral aggregates, which are all contributing to the overall performance [20]. 

 
The rheology and workability of the mixture is also modified by polymer chemistry to permit superior 

dispersion of recycled aggregates and compaction. Reduced water requirement also helps to improve 
durability as being less porous and reducing the number of cracks. It has been demonstrated that 
polymer modification greatly enhances the freeze–thaw cycles, sulfate attack, and carbonation baring 
properties, thereby increasing the life of the recycled construction materials [21]. 
 
SUSTAINABILITY AND CIRCULAR ECONOMY PERSPECTIVES 

The construction and demolition waste stabilized and reused with the help of polymer chemistry 
contributes to sustainability and the circular economy. The traditional materials used in constructions 
are based on virgin raw materials and cement that is energy consuming and thus a leading contributor 
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to carbon emission. The composites with C&D waste embedded into polymer are also another path that 
will ensure longer life precocity of materials and will reduce the reliance on non-recyclable sources. 

 
Polymers are the agents that transform low-value, mixed waste into valuable construction material. 

They immobilize or wrap recycled aggregates making them more durable and long-lasting. This 
decreases the number of times there is a necessity to change the materials and minimizes related 
environmental effects [22]. Recycled thermoplastics, including polyethylene, poly propylene, and PET 
can also be added to enhance sustainability since it addresses plastic waste in the same direction. Dual-
waste plans are particularly attractive to large infrastructural undertakings. 

 
According to studies conducted on LCA, polymer composites using C&D waste require low 

embodied energy and less greenhouse gases as opposed to the traditional cement-heavy systems. This 
is positively enhanced when the polymers are used to take the place of some of the cement binder. 
Simply, the reduced amount of water required by polymer-bonded aggregate and polymer-modified 
concretes, lesser curing energy, and environment resistance can result in long-term benefit on 
environmental factors [23]. 
 

A potential future focus on sustainable composite is bio-based polymers as well as partly or fully 
biodegradable polymers. Renewable polymers, produced using polysaccharides, plant oils, etc., have 
the potential to reduce the amount of fossil fuel used and still provide sufficient mechanical performance 
in non-structural applications. In addition to that, improved technologies in polymer recycling can 
enable polymer composites to reuse and reprocess again whenever they are no longer needed. 
 
CHALLENGES AND FUTURE RESEARCH DIRECTIONS 

Regardless of the advancement in the polymer–chemistry-based stabilization of construction and 
demolition waste, there are several technical and practical obstacles limiting its applications beyond. 
This limitation of producing consistent material performance in highly variable material streams is also 
one of the principal challenges. Composite formulation and quality control are challenging because of 
the heterogeneity of C&D waste, namely, the different particle sizes, compositions and content 
contamination. 

 
The compatibility between polymer matrix and mineral waste fillers interfaces is also an important 

research problem particularly in thermoplastic systems because hydrophobic–hydrophilic differences 
hamper bonding effectiveness [24]. The compatibilizers and coupling agents are promising, but the 
supplements are expensive and require assessment regarding their stability. Polymer rich composite 
thermal behavior and fire resistance also pose issues to the building applications thus demonstrating the 
necessity of the flame retaining polymer system that is sustainable. 

 
Scalability wise, the cost of polymer, the energy required in the processing process and the 

manufacturing infrastructure issue of polymer composite construction materials determine cost-
effectiveness. Extensive production will need the optimization on processing methods like extrusion, 
compression molding, and in-situ polymerization as a cost-effective method. The performance goals 
and standardized testing are also necessary in case of regulatory endorsement and acceptance by the 
market. 

 
Further studies must be directed to new ways of polymer functionalization, which will take advantage 

of bond formation and reduce the amount of polymer. A new phase is the creation of intelligent, 
multifunctional polymer-based composites which can either self-heal or sense or be adaptive [25]. The 
combination of data-driven applications, including machine learning and artificial intelligence, can 
speed up the designing process of composites, optimize formulations, and predict the performance of 
the composite in the long term. 
 
CONCLUSION 

Polymer chemistry-based solutions stem up solid and generalized construction to establish and re-
use construction waste and demolition waste in building materials. The constraints of recycled mineral 
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waste, such as porosity, which makes composites weak during interfacing processes and durability can 
be overcome using the principles of polymer composites. Each of the thermoplastic and thermosetting 
polymer systems, polymer-bonded aggregates, and polymer-modified cementitious composites have its 
own benefits that allow providing individual solutions to various construction needs. C&D waste 
integration into composite systems based on polymer has not only a beneficial impact on material 
performance, but also on sustainable constructions and the purposes of the circular economy. The 
development of strategies in compatibilization, the use of recycled polymer, and the hybrid composite 
development have greatly increased the application scope of waste-based materials. Nevertheless, 
issues of scalability, cost-efficiency and overall environmental sustainability persist and should be 
tackled by further interdisciplinary studies. 
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