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Abstract 
Polyvinyl chloride (PVC) is a widely used polymer with diverse applications, and enhancing its surface properties has been a subject of 

considerable research. This review explores wet methods in which surface modification occurs through classic chemical reactions in the presence 
of solvents, with a particular emphasis on the pivotal role played by the chlorine atom. Dechlorination emerges as a crucial pathway for numerous 
surface modification reactions, facilitating the attachment of diverse molecules to the surface. Depending on the nature of these molecules, the 
surface exhibits varying degrees of hydrophilicity or hydrophobicity. These insights contribute to a comprehensive understanding of PVC surface 
engineering for applications in metal adsorption and removal from aqueous environments.
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Introduction

The population growth, along with the demand for 
manufactured goods, ends up exerting pressure on productive 
sectors. These sectors, aiming for greater profit and productivity, 
seek to meet the demand, but still rely on unsustainable means 
today. Such ways (of meeting demand at any cost) no longer fit in 
this modern society, which already suffers from serious problems 
related to contamination of environmental compartments. Water 
resources, in particular, serve as one of the main receptors for 
both organic and inorganic substances, such as heavy metals, for 
example. 

Water, as an indispensable component for sustaining life 
and ecosystems, faces an escalating threat due to the pervasive 
contamination by heavy metals. Anthropogenic activities, spanning 
industrial processes, agricultural practices, and urban development, 
have significantly contributed to the release of metals such as lead,  

 
copper, mercury, cadmium, and arsenic into aquatic environments 
[1-5]. The consequences of this contamination extend beyond the 
immediate aquatic ecosystems, impacting the health and well-
being of both wildlife and human populations. Heavy metals exhibit 
persistence, accumulating in water bodies over time, and their toxic 
effects can lead to severe ecological disruptions, posing serious 
risks to biodiversity and public health [1,2,4-6]. Metal pollutants, 
once introduced into aquatic ecosystems, undergo complex 
interactions with sediments and biota, leading to bioaccumulation 
and biomagnification within the food web [7,8].  

Every day, the need to improve our technologies becomes more 
evident, whether to reduce the amount of contaminants in effluents 
or to treat already contaminated water resources. Up to now 
various techniques have been employed for metal removal such 
as liquid-liquid extraction [9,10], ion exchange, which involves the 
exchange of metal ions with similarly charged ions on a solid resin 
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and adsorption onto diverse materials such as activated carbon, 
zeolites, and bio-sorbents, exploiting their high affinity for heavy 
metals in a solid-phase extraction process (SPE) [11-15].

Solid-phase extraction involves the use of sorbents, such as 
activated carbon, zeolites, or specialized resins, to selectively adsorb 
metal ions from the aqueous phase. This technique is characterized 
by its versatility, allowing for the adjustment of sorbent material 
and properties to suit the specific requirements of the metal 
contaminants and the unique composition of the water sample. 
SPE offers advantages such as high selectivity, rapid kinetics, and 
the potential for automation, making it a preferred method in 
environmental analysis. The sorbed metals can then be eluted from 
the solid phase for subsequent analysis, providing a concentrated 
and purified sample for accurate determination. The continued 
refinement and application of solid-phase extraction techniques 
underscore their pivotal role in the arsenal of methods employed 
for the efficient removal of heavy metals from aqueous matrices.

Considering this context, many materials have been developed 
in recent decades aiming at the removal/adsorption of metallic 
species from aqueous samples. Among these, synthetic materials 
(based on silica and cellulose) can be highlighted, which have been 
surface-modified to increase their efficiency and/or adsorption 
capacity [11,16], as well as natural materials or biosorbents 
[13,17,18]. The first type has advantages such as high adsorption 
capacity and the possibility of developing an adsorbent for a specific 
target. However, it comes with a high cost, and modification reactions 
produce toxic residues. Biosorbents are mostly sustainable, have 
lower production costs, but may undergo degradation. The large-
scale production of biosorbents is conditioned by the availability 
of raw materials. Thus, in pursuit of contemporary concepts and 
more sustainable practices, numerous researchers have explored 
the application of a familiar material, polyvinyl chloride (PVC), as a 
starting point for the development of new adsorbents [19-22] or its 
use without previous treatment.

Polyvinyl chloride (PVC) is a widely used polymer in the plastics 
industry, ranking among the most globally produced polymers. The 

annual production of PVC in 2016 was approximately 61 million 
metric tons, and it is estimated that this market will continue 
to grow in the coming years [23]. Its versatility, durability, and 
resistance to various elements make it a popular material in a 
variety of applications, including pipes, profiles, laminates, films, 
and medical products. PVC’s popularity can be attributed to its 
exceptional properties, contributing to its widespread global use. 
Its versatility stems from the material’s ability to be rigid or flexible, 
depending on the desired application. Additionally, PVC exhibits 
excellent chemical resistance, making it suitable for applications 
where exposure to various substances is a concern. Its durability 
and low maintenance requirements further enhance its appeal, 
especially in construction and infrastructure projects.

However, the large-scale production and extensive use of PVC 
raise environmental concerns. PVC manufacturing can involve 
the emission of toxic compounds, such as chlorine gas, and the 
generation of hazardous waste. Additionally, improper PVC waste 
management can contribute to environmental problems, such 
as soil and water contamination [24,25]. As of now, predominant 
approaches to tackle the PVC waste dilemma encompass mechanical 
recycling (25.5%), incineration (9.3%), and landfill disposal 
(36.0%) [26,27]. Nevertheless, the mechanical recycling process is 
still in its early stages, mainly applicable to PVC waste that has been 
separated at the source. Both incineration and landfill disposal of 
PVC waste commonly lead to the release of perilous compounds to 
the environment.

Discussions on sustainability in the PVC industry have 
intensified due to environmental concerns. The search for 
more eco-efficient alternatives, the implementation of recycling 
practices, and the development of cleaner production methods 
are focal points to mitigate the negative impacts associated with 
PVC production and disposal. In this context, the integration of 
PVC into solid-phase extraction strategies offers an innovative 
and eco-efficient approach, contributing to the pursuit of more 
sustainable solutions at the intersection of the chemical industry 
and environmental preservation. 

Characteristics of PVC

Figure 1: Monomer and polymer of PVC with emphasis on the chlorine atom.
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A principal thermoplastic material with a wide range of 
applications, polyvinyl chloride relies on essential components 
derived from oil and salt. The vinyl chloride monomer (VCM) is 
created through the combination of ethylene (sourced from oil) 
and chlorine (generated via the electrolysis of saltwater). Monomer 
molecules undergo polymerization to produce PVC resin, to which 
specific additives are introduced for the formulation of a tailored 
PVC compound. Figure 1 depicts a scheme representing the 
monomer and its corresponding polymer.

The importance of the chlorine atom lies in the fact that 
dechlorination is the pathway through which a significant portion 
of surface modification reactions occurs [19-21,28]. Consequently, 
various types of molecules can be attached to the surface. 
Depending on these molecules, the surface can become either more 
hydrophilic or hydrophobic. Thus, for studies where PVC will be 
applied in the adsorption/removal of metallic species from aqueous 
samples, it is necessary that its surface be somehow modified to 
make it more hydrophilic. This will enhance its interaction with 
target metals, which are typically present in their hydrated ionic 
form [21, 29]. Some treatments, such as hydrothermal treatments, 
may increase the hydrophobicity of the surface, which is consistent 
with a reduction in its adsorption capacity once metal species are 
in its hydrated form.

PVC Surface Modification and Adsorption of Metal 
Ions

The modification of PVC surface can be achieved in different 
ways, where the goal is often to introduce new functionalities to 
the polymer surface [27]. Among the main treatments performed, 
plasma treatments stand out, in which energetic particles 
(electrons, radicals, ions) can interact and modify the polymer 
surface without changing their bulk properties [20,30-32]. Other 
methods used in modifying the surface of PVC involve the use of 
high-energy irradiation, ultraviolet and hydrothermal treatment 
[20].  Xu et al. [27] conducted a surface modification of PVC 
(obtained from pipes) using a two-step hydrothermal method 
at a relatively low temperature of 250°C. In the second step, the 
material underwent sulfonation reaction with sulfuric acid and was 
subsequently utilized for the adsorption of Cu(II) and Cr(VI) ions. 
The findings propose an electrostatic interaction mechanism for 
Cu(II) ions and indicate a distinct mechanism for Cr(VI) ions. Other 
methods applied in PVC modification include classical approaches, 
where chemical reactions between a substance and the PVC surface 
take place in the presence of a solvent.

This last method has been widely used because it does not 
require sophisticated equipment and yields satisfactory results in 

relation to the final product obtained [21,22,33,34]. Mbarki et al. [33] 
conducted adsorption studies of Cr3+, Co2+, Cd2+, and Pb2+ using 
PVC modified with amino (diethylenetriamine) and dichlorodiethyl 
ether groups and achieved a high removal percentage using the 
batch method. The confirmation of the anchoring of the molecule 
of interest can be done through different techniques, with infrared 
spectroscopy being the most commonly used [21,33-35]. As the 
modification reactions often occur at the chlorine atom via a 
nucleophilic substitution mechanism, it is possible to monitor 
the progress of the reaction through the band located in the 700 
cm-1 region of the spectrum, which may be attributed to the axial 
deformation of the C-Cl bond [21,33,34]. A similar study was 
conducted by Mbarki & Ammari [34], starting with commercial PVC 
(pipes and tubing) and emphasizing the need for a pre-treatment 
step to eliminate additives. Despite the promising results and 
the use of waste as raw material, the synthesis and modification 
stages can also generate toxic residues when solvents such as 
dimethylformamide (DMF), tetrahydrofuran (THF), and others are 
employed. According to Yousif et al. [36], the surface modification 
of PVC through chlorine atom substitution, depending on the 
anchored ligand, may lead to an enhancement in the photostability 
of the polymer. These characteristics, when combined, can improve 
the applicability and lifespan of the adsorbent.

The widespread use of highly toxic solvents in producing 
environmentally oriented adsorbent materials demands careful 
scrutiny. While these materials are designed to address specific 
issues, it is imperative to recognize and proactively manage the 
potential environmental and health challenges that may emerge 
during their creation. Thus, some authors proposed a surface 
modification route for PVC using a mixture of ethanol/water as 
a solvent. Castro et al. [21] anchored the molecule of the ligand 
4-amino-5-hydrazino-1,2,4-triazole-3-thiol onto the surface of PVC 
through a simple and environmentally sustainable route. The results 
imply that the reaction took place through the SH group via an SN2 
mechanism, consistent with previous studies on PVC modification 
[21,37]. Beyond the reaction pathway, the involvement of amine 
groups in the sorption process of metallic species was notable, 
presumably through coordination with the pair of free electrons 
[21].

These studies emphasize the vital role played by organically 
anchored groups in the adsorption and removal of metallic species 
from aqueous samples. Depending on the nature of the anchored 
groups, the material’s affinity for specific species can vary 
significantly. Figure 2 provides a conceptual illustration of diverse 
bonding possibilities and mechanisms that may occur during the 
sorption process.
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Figure 2: Schematic representation of some potential interactions between metallic species in solution and the modified PVC surface.

Through the visualization of this image, it becomes evident why 
PVC needs to be modified to effectively engage in the complexation 
of metallic species. The surface modification by molecules 
containing Lewis bases not only enhances its hydrophilic nature 
but also imparts an affinity for metallic species (Lewis acids).

Among the various PVC-based materials used in the removal 
of metallic species from water samples, composites (formed by the 
combination of two or more materials with distinct properties) also 
stand out. Rajaei et al. [38] produced a nanocomposite membrane 
using PVC and magnetite nanoparticles, which was applied in 
the removal of Cd(II) and Pb(II) ions from aqueous samples. The 
results indicated an increase in the surface area after modification 
with magnetite nanoparticles. The enhancement of the surface 
area in adsorbent materials is always beneficial when the goal 
is the removal/adsorption of metallic species, allowing greater 
interaction with the liquid phase and generally resulting in a higher 
adsorptive capacity. In a similar vein, Khan et al. [39] developed 
a composite material based on PVC and graphene oxide modified 
with p-Phenylenediamine, which was employed for the removal 
of Pb(II) ions from aqueous samples. The material modification 
was monitored by infrared spectroscopy, revealing the reduction 
of -COOH, -OH, -C-O-C- functionalities on the graphene oxide 
surface and the emergence of bands associated with -C-NH2. The 
specific surface area was also enhanced (312 m2 g-1), indicating an 

improvement in adsorptive properties.

Youness et al. [40] fabricated a membrane from PVC modified 
with triethylenetetramine using the electrospinning method. 
Binding mechanisms of lead and triethylenetetramine were 
investigated by UV-visible spectrophotometry, and the results 
indicate the formation of a highly stable complex with a 1:1 
stoichiometry. In addition to the observed high adsorption capacity 
for PVC-based materials, these adsorbents/membranes also have 
the potential for reuse through multiple cycles of adsorption/
desorption without significant loss of their effectiveness [41,42]. 
This characteristic is of utmost importance in adsorbent materials 
as it maximizes their utilization. The loss of adsorptive capacity 
is observed in most modified materials and may result from the 
elution process of metal species, where acidic solutions are often 
used. These solutions can cause oxidation on the surface and/or 
anchored molecules.

Based on the aforementioned materials, the following table 
(Table 1) highlights the adsorption capacity of some PVC-based 
materials used in the removal of metallic species from aqueous 
samples. These materials include both PVC and composite 
materials. Adsorption capacity is crucial for assessing the 
effectiveness of these materials in retaining metal ions, serving as 
a significant indicator for practical applications in water treatment 
and environmental remediation.

Table 1:  Adsorption capacities of various PVC-based materials for heavy metal removal.

Ligand type
Adsorption capacity (mg/g)

Reference
Cu(II) Cr(VI) Cd(II) Pb

Sulfonic group 48.9 20.2 --- --- [27]

Amine groups 30.5 --- 35.9 29 [21]

PVC composite --- --- 11.55 11.4 [38]

Teta-PVC --- --- --- 1250 [39]

PVC/PPD/GO --- --- --- 44.8 [40]
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According to the data presented in Table 1, it is noticeable that 
the obtained values for the adsorption capacity of different metallic 
species are very similar to those obtained when using more 
commonly applied materials for this purpose, such as silica and 
cellulose, for example. Considering the possibility of working with 
recyclable material through a solvent-free route, its advantages 
become evident.

Final Consideration

In conclusion, the comprehensive review on the use of PVC 
in solid-phase extraction processes highlights the duality of this 
polymeric material. While PVC is extensively produced and globally 
utilized, raising significant environmental concerns, its application 
in solid-phase extraction methods emerges as a promising solution 
to mitigate the associated negative impacts. The ability of PVC to 
efficiently adsorb metal ions and organic pollutants, coupled with 
its chemical resistance and durability, makes it an ideal candidate 
for reuse in extraction processes, providing not only environmental 
benefits but also extending the lifespan of this material. The reuse 
of PVC not only aligns with the principles of the circular economy, 
reducing reliance on virgin resources but also represents a 
concrete step toward more sustainable practices in plastic waste 
management. In this context, the integration of PVC into solid-
phase extraction strategies offers an innovative and eco-efficient 
approach, contributing to the pursuit of more sustainable solutions 
at the intersection of the chemical industry and environmental 
preservation.

Future perspectives in this realm necessitate ongoing research 
and development to optimize PVC-based solid-phase extraction 
methods. This involves exploring novel modifications to enhance 
PVC’s adsorption capacity, investigating sustainable approaches 
for PVC waste management, and integrating advanced technologies 
to streamline the overall process. Collaborative efforts among the 
chemical industry, environmental scientists, and policymakers 
are paramount for establishing guidelines and regulations that 
promote the responsible use and disposal of PVC. The development 
of cleaner production methods and the widespread implementation 
of recycling practices will further contribute to reducing the 
environmental footprint associated with PVC.

In essence, the utilization of PVC in solid-phase extraction not 
only addresses the immediate need for efficient metal removal 
but also aligns with contemporary concepts of sustainability. As 
we progress, the exploration of PVC’s potential in environmental 
applications holds promise for fostering a more harmonious 
relationship between industrial progress and ecological 
preservation, paving the way for a greener and more sustainable 
future.
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