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Abstract

A literature survey shows that the valorization of urban and/or agricultural biowastes into
chemicals has caught the attention of experts and is gradually becoming quite an important issue.
This review presents the application of the Bio-Based Substances (BBS) isolated from the compost
of bio-wastes from urban gardening and park trimming residues. The non-cost BBS has been well
studied in the literature. BBS are biological macromolecules with a complex lignin-derived
structure containing several functional groups, viz., the acid and basic functional groups. These
functional groups are bonded to aromatic and aliphatic chains. BBS are mainly acidic in nature,
and therefore it is possible to employ them for the surface functionalization of specific inorganic
oxides to produce new hybrid materials having a different surface charge. The surface character
(surface charge) of new hybrid materials has been modified and developed through an easy and
green way for the removal of pollutants from waste water.
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1. Introduction

The literature review indicates that the transformation of agricultural and urban bio-wastes into
chemicals is gradually becoming a hot topic for research. Due to the cost effectiveness, scientists work
with materials obtained from bio wastes. These economically viable products, obtained by green
methods, are industrially valuable. Water soluble Bio-Based Substances (BBS) extracted from bio-waste
compost from gardening, urban food, and park trimming residues have found their use in the chemical
and environmental industry, e.g., in the fields of detergent manufacture, textile industry, and
photodegradation. They have also been used as binders in the synthesis of porous monolithic materials
and functionalization of oxides to produce hybrid materials[1-6]. BBS has a potential application as a
cost-effective source of valuable renewable bio-based materials in the chemical and consumer market.
Increased production due to urbanized population is concentrated in municipal areas where waste is
collected. These are a rich source of bio-organic matter. Depending on the waste management, it is
possible to meet up to 50 percent of consumer needs. The prospect of a flourishing bio-based economy
is presented in Figure 1. The biological nature of the BBS source is a major hindrance in the path of
meeting the desirable commercial expectations. This might become a critical issue if it does not allow
the supply of reproducible products to users [7]. The functional groups present in BBS are depicted in
Scheme 1.

Montoneri and co-workers reported the properties and the chemical composition of products
isolated from bio-waste collected from densely populated urban areas [7]. The results indicate that BBS
are biological macromolecules with a complex lignin-derived structure. These contain various acidic
and basic functional groups linked to aromatic rings and aliphatic chains [10, 11]. In fact, BBS contains
several aromatic rings as well as long aliphatic chains connected to numerous organic functional groups
like carboxyl, carbonyl, phenolic, hydroxyl, ester, ether, amide, and amine groups. However, BBS are
similar in nature to anionic surfactants. Many anionic surfactants have been applied in various areas
like the textile industry, detergents and have been used as binder and templates for monolithic and
ceramics products [12-15]. These have also found applications in agriculture. BBS were initially thought
to exhibit chemical properties similar to humic substrates; however, they represent a new version of
the molecular characteristics of natural organic matter deriving from humification processes occurring
either in soil, sediment or recycled biomasses. Currently, it is widely acknowledged that natural organic
matter and humic materials are not formed of biopolymers. These are a result of the self-assembled
supra-molecular association of relatively small heterogeneous molecules derived from the selective
degradation of plant residues and animal tissues, integrated by the incorporation of microbial by-
products. This has made the humic like molecules highly reactive in soil and water treatment processes
[16, 17].
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Figure 1 Steps of the main sourcing process and the proposed molecular fragment for BBS.
R =alkyl, X=H or C, N, O atoms of other molecular fragments [8].
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Scheme 1 Virtual molecular fragments of BBS [9].

BBS have been found [18] to possess enhanced adsorption capacity for hydrophilic polar water
pollutants. As already discussed, they have the potential to interact with polar pollutants due to the
presence of organic functional groups like carboxylate and phenolic groups, which are negatively
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charged at neutral pH. Hence there is an electrostatic interaction between the negatively charged BBS
moieties and the positively charged surface materials [19, 20].

Due to the acidic nature, it can be employed for the surface functionalization of specific inorganic
oxides to produce new hybrid materials. The surface character (surface charge) of new hybrid materials
has been modified. Green methods have been used for the development of these materials to be used
for the removal of pollutants from waste water.

2. Application of Bbs in Surface Functionalization

Several authors have reported the application of BBS materials in their work. This work focuses on
the preparation of hybrid materials by surface functionalization of alumina for the application in waste
water treatment. Alumina, possessing a large surface area, has been used as a surface for
immobilization of molecules. They are stable and have a positive surface charge in a broad pH range.
Razieh Sadraei and her colleagues, for the first time, proposed an easy synthetic route of hybrid
materials (Alumina-BBS) by simple surface functionalization. They assumed the presence of a simple
electrostatic interaction between alumina from boehmite (Alumina Boeh) and used as a support for the
immobilization of BBS and BBS substrates. The alumina and the BBS substrates carry positive and
negative charges, respectively. The optimum amount of BBS for the functionalization of alumina
surfaces has already been studied. According to previous reports, 0.4 g of BBS was found to be the best
performer for the functionalization of alumina from boehmite and dawsonite precursors for the
preparation of novel hybrid adsorbents. The experiments were conducted using 0.1, 0.2, and 0.4 g of
BBS. These hybrid materials were tested for the removal of polar pollutants from waste water. Before
testing them, the hybrid materials were completely characterized by means of X-Ray Diffraction (XRD)
to evaluate their crystal structure after functionalization. The results of XRD showed that the crystal
structure of support materials does not change due to surface functionalization. The samples were
analyzed by Fourier transform infrared spectroscopy (FTIR) for evaluating the presence of BBS on the
hybrid materials. The stability of the hybrid materials and the amount of BBS immobilized on the
alumina supports was measured by thermogravimetric analysis (TGA). The surface charge of materials
before and after functionalization was measured by means of Zeta Potential (ZP). The results indicate
that BBS has an effect on the surface charge of the support particles and consequently helps in choosing
a compatible substrate interaction. It also indicates that after functionalization, the surface charge of
alumina gets modified. As can be seen in Figure 2, the surface alumina is mostly positively charged in a
broad range of pH. This helps in forging an electrostatic interaction between the positively charged
solid surface and the negatively charged substrates. In fact, the BBS molecules are negatively charged
at neutral pH because of the dissociated COOH and phenolic groups. Therefore, the interaction
between a positive alumina surface and negatively charged BBS substrates occurs readily. The
isoelectric point (IEP) shifted to lower pH upon functionalizing BBS, indicating the loading of BBS on the
surface of alumina.
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Figure 2 Zeta potential trends of gamma-Alumina (before functionalization), Alumina-
BBS0.1, Aalumina-BBS0.2 and Aalumin-BBS0.4 (after functionalization by BBS in various
ratio) as a function of pH [19].

The adsorption efficiency of BBS coated hybrid materials toward cationic species under various
adsorbate/adsorbent ratio was studied. Crystal Violet (CV) was selected as a model pollutant for
comparing the performance of the hybrid materials with those of others reported in the literature. CV
is compatible with anionic adsorbents. According to the results of ZP experiments, Alumina BBSO0.4,
with a highly negatively charged surface, could be applied for the adsorption of positively charged
molecules like the CV dye. Figure 3 shows the efficiency of the samples as adsorbents for CV against
time. From the graph, it is evident that the percentage of removal of CV by functionalized alumina is
significantly different from that of unfunctionalized alumina. This indicates that the surface of alumina
after functionalization has been selectively modified. BBS moieties were immobilized in the pores of
the alumina surface. These played an important role in the surface of alumina oxides by modifying the
positively charged surface of the support to a negatively charged surface. Alumina, by itself is not
capable of adsorbing CV at pH 7. The adsorption of CV by the hybrid adsorbents occurs within a short
time span (in about 10 min), which is interesting from many perspectives.
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Figure 3 Percentage of dye removal (from 10 ppm) by 20 mg of alumina before the
functionalization (red square), Alumina-BBS0.1 (green triangles), Alumina-BBSO0.2 (dark blue
circles) and Alumina-BBS0.4 (light blue diamonds) in 10 mL [19].

Sadraei worked on developing an easy synthetic strategy for alumina from dawsonite (Alumina Daw)
in different phases. She reported the synthesis of a room temperature hybrid material by using gamma-
alumina dawsonite (AACH) functionalized by Bio-Based Substances (BBS). She showed that these new
hybrid materials can be used for the efficient adsorption of positively charge pollutants from the waste
water. The procedure of synthesis and preparation of the hybrid materials involves simple electrostatic
interaction occurring between positively charged alumina support and negatively charged BBS
substrates. This is thus a green procedure. The new hybrid materials were characterized using similar
protocols. The efficiency of this adsorbent for adsorbing negatively charged contaminants in the waste
water obtained from ZP experiments is illustrated in Figure 4 [21].

Figure 4 Shows the ZP results of Alumina Daw (before functionalization) and Alumina BBSO0.4
(support after functionalization). As is evident, Alumina Daw has a positive surface charge in a wide
range of pH. This positive surface charge favors electrostatic interaction with negatively charged
materials. The IEP for Alumina Daw sample is about 9. This indicates that Alumina Daw is positively
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charged at pH< 9, and is partially negatively charged at pH > 9. Upon functionalization of BBS, the IEP
shifts to a lower pH significantly and decreased to pH 5. As already discussed, the total surface charge
of hybrid material reduced remarkably due to the presence of hydroxyl and carboxyl groups in BBS [21].
Compared to previous reports, the decrease was significant. The nature of the alumina precursor can
explain such a drastic decrease in pH value (in this case, dawsonite). The N, adsorption and desorption
analysis indicated that in the present case, greater amounts of BBS molecules were located on the
support. Consequently, the surface-functionalized alumina support from dawsonite contains more
anionic groups as compared to alumina from the boehmite precursor.
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Figure 4 Zeta potential trends of Alumina Boeh (red squares) before the functionalization,
Alumina-BBS0.4 (green diamonds) after BBS functionalization at pH 7, as a function of pH
[21].

The curves of the adsorption of the CV dye on Alumina Daw and hybrid materials are presented in
Figure 5. The experimental protocols are reported in the literature [21]. The pH of all the adsorption
experiments was adjusted to pH 7. The adsorption equilibrium was reached in less than 30 min. Of CV,
99% was removed by hybrid materials, while only 20% of the dye was removed by alumina support.
Due to the positive charge of CV dye and the surface charges of hybrid adsorbing materials, a high
electrostatic interaction occurs between the surface of the adsorbents and the CV dye [21].
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Figure 5 Percentage of CV removal (from 10 ppm) by 5 mg of Alumina-BBS0.4 (squares) and
Alumina Daw (circles) in a volume of 10 mL at 15 °C [21].

3. Discussion

The application of bio-based substances, extracted from compost bio-waste, in the surface
functionalization of alumina oxides has been studied in this work. Two different precursors of alumina
(boehmite and dawsonite) were considered for the experiments. We assumed that these will show
different behavior during BBS functionalization due to their difference in shape and other properties.
In both cases, the interaction between BBS and alumina was assumed to be electrostatic in nature due
to the presence of positive charge on the surface of alumina and negative charge on BBS. Alumina from
both boehmite and dawsonite was successfully surface functionalized following green chemistry [19].
No chemical reagent or organic solvent was used during functionalization. ZP experiments were
conducted for the support materials before and after functionalization to prove surface modification
in both kinds of alumina. Hybrid materials were compared with unmodified alumina to gauge their
efficiency in removing positively charged polar pollutants from wastewater. The results were compared
in order to choose the more efficient hybrid adsorbent having a higher adsorption capacity, which can
be used for industrial applications. It was found that the alumina from boehmite and dawsonite were
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inefficient adsorbents for water treatment. However, after BBS surface functionalization, they showed
significant adsorption efficiency for the positively charged CV dye.

The adsorption efficiency was found to be remarkably high in the case of Alumina Dawsonite
functionalized with BBS, indicating that it is better support for BBS molecules. The two major
advantages of using alumina-BBS0.4 as an adsorbent are the easy and green methods followed for
synthesis and the cost efficiency. Unlike other adsorbents, the preparation of these hybrid adsorbents
does not require any pretreatment or energy consumption. The extraction of BBS from compost
biowaste does not involve extra cost. Thus, from these perspectives, the green hybrid materials based
on alumina from dawsonite can be applied in wastewater treatment. It can be a good competition to
other hybrid adsorbents and may find significant application in industries.
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