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Abstract Several industrial sectors produce tons of ef-
fluents daily containing a high amount of hazardous
chemical pollutants that pose a major threat to the envi-
ronment and human health. Current wastewater treat-
ment methods, such as flocculation and activated carbon
adsorption, have drawbacks linked to high material cost
and too much energy consumption. Thus, the search for
renewable, biodegradable, and efficient materials has
been the object of research aimed at replacing the con-
ventional materials used to cheapen processes and re-
duce environmental impacts. Lignin stands out in this
context as it has low cost and high availability. There-
fore, several scientific researches were developed to
harness the potential of lignin, especially as adsorbent,
for the removal of chemical agents from effluents. This
paper presents a bibliometric review performed on the

Scopus database, showing the evolution of studies relat-
ed to the applicability of lignin in the removal of chem-
ical pollutants in waters over the last five years. Data
regarding annual publications, languages, journals,
countries, institutions, keywords, and subjects were an-
alyzed. The realized screening selected 130 articles that
met the previously defined criteria. Results indicated a
strong collaboration between countries and China’s sub-
stantial contribution to the documents. The analysis also
has shown that lignin is mainly used as adsorbent ma-
terial, sorbent, flocculant agent, and hydrogel and pre-
sents important results and information for future re-
searchers on this topic.
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1 Introduction

Water pollution is one of the most severe environmental
problems due to changes in the chemical, physical, and
biological characteristics of water. It causes severe dam-
age to aquatic species and makes water unfit for human
consumption (Zhang et al. 2011). Industrial discharges
containing dyes, pesticides, fertilizers, heavy metals, and
their compounds are released excessively in water bodies
due to the activity of various industries, such as dyeing,
textile, printing, mining, paper and plastic, and cosmetics
(Aniagor and Menkiti 2018; Demcak et al. 2017; Guo
et al. 2018a). Such effluents are powerful sources of
pollution since they are not biodegradable by organisms
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generally used in biological treatments and are accumu-
lative, reaching lethal concentrations for fish and inver-
tebrates. Furthermore, through bioaccumulation along
the food chain, carcinogenic and mutagenic effects can
be observed in humans (Almeida et al. 2004). The high
toxicity of these effluents can be attributed to the pres-
ence of recalcitrant compounds that are generally not
compatible withmost existing biological treatments. This
class includes pesticides, dyes, and heavy metals
(Aniagor and Menkiti 2018; Yao et al. 2009).

Conventional treatments, such as precipitation, ion
exchange, microbial degradation, and adsorption with
activated charcoal, present some limitations regarding
high operational costs and difficulty in meeting regula-
tory requirements (Domínguez-Robles et al. 2018; Ge
et al. 2014a; Guo et al. 2008; Pereira and Ebecken
2009). For this reason, several studies have been carried
out to use efficient, biodegradable, and low-cost mate-
rials to remove these pollutants. Lignins from lignocel-
lulosic residues are a powerful alternative, as they have
the phenol, carboxyl, and hydroxyl functional groups
that can be linked to chemical pollutant structures, pro-
moting the removal of these compounds from industrial
effluents (Ge et al. 2014a; Guo et al. 2008). Moreover,
the polycyclic structure of lignin has negatively charged
functional groups that act as chelating agents sequester-
ing heavy metals in effluents (Nasrullah et al. 2016).

Lignin is an insoluble aromatic polymer that confers
mechanical resistance to the plant wall and protection
against the action of microorganisms, besides acting on
the transportation of water, nutrients, and metabolic
compounds (Zhao 2016; Bhatia et al. 2020). This poly-
mer can be found in agricultural by-products, such as
sugarcane bagasse and corn straw, as well as in a by-
product known as black liquor, obtained in the separa-
tion phase of wood pulp on paper production. Given its
abundance, as these sectors generate large amounts of
effluents daily, several studies propose using lignin as a
precursor material to obtain biomaterials. The purpose
of these biomaterials is to remove industrial wastewater
pollutants, replacing the materials used initially to treat
aqueous waste, improving efficiency, lowering both
implementation and process costs. These materials have
several advantages, such as low cost, no emission of
toxic chemicals at the end of the process, and they allow
the selective separation of the main components, besides
being a renewable and abundance source (Halysh et al.
2018; Michelin et al. 2012; Ogunsile and Bamgboye
2017; Wang et al. 2017).

Due to the large number of studies related to the use of
lignin to remove chemical pollutants in industrial efflu-
ents, a bibliometric analysis is proposed to portray global
research trends within this scope. Bibliometric methods
use various statistical techniques of bibliographic counting
to evaluate and quantify the development of the literature
concerning a particular issue (Tsay 2008; Abejón et al.
2018; Mao et al. 2018). It employs statistical indices and
uses quantitative analysis to obtain information about
publication standards for specific categories, such as insti-
tutions, individuals, and countries to evaluate their scien-
tific outputs (Abejón 2018; Zyoud et al. 2017). Therefore,
this paper presents a bibliometric and network review in
the Scopus multidisciplinary database from 2014 to 2019,
addressing the recent scenario of scientific research on the
applicability of lignin for the removal of chemical pollut-
ants from effluents, as an efficient and sustainable alter-
native to conventional treatments.

2 Methodology

2.1 Search and Search Strategy

The online search was performed on the Scopus database
and was completed on January 4, 2019. The Scopus was
chosen because it has the most extensive peer-reviewed
literature, with 24,600 active titles and 5000 publishers,
providing a high range of abstract and citation for
bibliometric analysis. The following keywords were used
with Boolean operators as a search strategy: TITLE-
ABS-KEY (lignin AND (metal* OR dye*) AND (absor-
bent OR adsorbent OR removal OR sorbent OR bio-
sorbent OR biosorvent OR “bio sorvent”)). This set was
selected for scientific articles only and initially resulted in
848 documents. However, this paper aims are to analyze
the scientific production of articles published between
2014 and 2019. The search was restricted to this period,
generating 430 publications that were evaluated by titles,
abstracts, and in full. Documents that did not correspond
to the proposed theme were discarded, including the
works related to the full use of lignocellulosic materials
for the removal of pollutants and the use of lignin perox-
idase enzyme for wastewater treatment. Other publica-
tions were also discarded, such as the ones regarding the
use of lignin as a dye dispersing agent (Qiu et al. 2018)
and delignification of lignocellulosic materials or remov-
al of effluent lignin (Ennaert et al. 2016; Shuhailath et al.
2016; Yadav and Garg 2016). Inclusion and exclusion
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criteria were previously defined before the evaluation. All
languages were considered in the analysis.

This filtering process excluded 300 publications and
resulted in 130 articles, which were analyzed and cate-
gorized according to their different typologies. Hence, a
preliminary bibliometric analysis was performed in the
Scopus database itself.

2.2 Bibliometric Maps

VOSviewer software was used in later steps for statisti-
cal analysis and material networks. The variables inves-
tigated were year of publication, journals, country, au-
thors, knowledge area, institutions, keywords, subject
type, and citation analysis. Bibliometric indicators, such
as CiteScore, h-index, and Journal Citation Reports
(JCR), and SCImago Journal Rank (SJR) impact factors
for 2017 were used for classification purposes.

VOSviewer is a software used for the construction and
visualization of bibliometric maps based on network data
using VOSmapping and VOS grouping techniques. It can
be used to study maps that emphasize information on
publications, bibliography, citations, author, and keywords
(Md Khudzari et al. 2018; Ruas and Pereira 2014).

3 Results and Discussion

3.1 Publishing Trends and Documents Language

The trend of annual publications on the applicability of
lignin in the treatment of effluents containing chemical
pollutants is shown in Fig. 1. The results demonstrate
that the annual publications had a small decrease be-
tween the first three years, but between 2016 and 2018,
there was a sharp increase in the number of documents.
In 2019, although data collection was carried out at the
beginning of the year, a considerable amount of work
was found describing the use of lignin for this purpose.
It is possible to assume that there is a progressive growth
trend in the number of researches focused on this theme.

The use of renewable raw materials, such as lignin,
for the production of pollutant removers’materials is on
the rise. It is motivated by the concern for the environ-
ment, which stimulates the development of studies
aimed at finding alternatives that minimize the environ-
mental impacts generated by the various industrial
activities.

Among the languages present in the publications,
English was the most used, totaling 90% of the articles.
Three other languages were found, which are as follows:
Chinese (8.46%) with the second-highest percentage,
and French and Spanish, with 0.77% each. These results
corroborate with those listed in the literature, as in the
bibliometric study conducted by Abejón (2018), which
demonstrated the predominance of the English language
in the areas of environmental and chemical engineering.

3.2 Areas of Activity

Seventeen academic areas were found with studies that
contributed to the development of research on the pro-
posed theme. Figure 2 shows the percentage of contri-
bution in each area.

As observed in Fig. 2, the outstanding academic areas
were chemical engineering (20.7% of the total), followed
by chemistry (20.0%), and environmental science (16.8%).
Areas such as materials science, engineering, physics and
astronomy, biochemistry, genetics and molecular biology,
energy, agronomy, and life sciences have also contributed
significantly, withmostwork aimed at developing research
on the application of lignin for pollutant removal. Other
areas represented 5.0% of the total. These results show the
multidisciplinary collaboration between different areas
about the thematic approached: lignin applicability for
the removal of chemical pollutants in effluents.

3.3 Distribution of Publications by Country
and by Institution

Table 1 groups the top ten most productive countries in
collaboration for growing research on the use of lignin to
remove pollutants from water. These countries are respon-
sible for 75.70% of publications, and 61.26% of this total is
distributed among the first four ones. More specifically,
China has the largest number of publications, followed by
the United States. Such numbers may be justified by the
high agricultural activity and the pulp and paper production
of these countries. The report released by the Food and
Agriculture Organization of the United Nations (FAO)
estimates that for the 2016–2022 period, the leading world
pulp and paper producing countries will be China, United
States, Germany, and Canada (FAO 2019). This scenario
indicates that there is a large production of biomass resi-
dues that can be used for lignin extraction, explaining the
high development of research for the utilization of this
polymer in these countries.
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The geographical distribution of articles from all 30
countries involved is presented in the choropleth map
of Fig. 3. The most intense coloration indicates the
countries that have the most significant number of
scientific articles. It is known that China has the
highest density of publications, as well as the United
States, confirming the data presented in Table 1.

Regarding the sharing of published articles, Fig. 4
shows a detailed map with the cross-country

collaboration network. The number of documents in
collaboration determines the relationship between coun-
tries. Thus, the size of the nodes is proportional to the
number of articles published by each country, and the
thickness of each line represents the strength of cooper-
ation between them.

The leading countries in the number of publications
are also among the most active, with the highest amount
of collaborations coming from United Kingdom (8

Fig. 1 Annual trend of
publications in original articles of
2014 to early 2019 in Scopus,
following the thematic of lignin
applicability for the removal of
chemical pollutants in effluents

Fig. 2 Multidisciplinary collaboration represented by the top 10 academic areas on lignin applicability for removal of chemical pollutants
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countries), followed by the United States (6 countries)
and Sweden (5 countries). Despite its many collabora-
tive articles, in terms of variety, China has collabora-
tions with only four countries, the most significant of
which is with the United States, as can be seen from the
higher line thickness in Fig. 4. On the other hand, five
countries did not share publications, which are as fol-
lows: Colombia, Egypt, Taiwan, Turkey, and Portugal.

A total of 160 institutions from the 30 countries
analyzed published the selected articles. Of this amount,
76.9% had only one document. The ten most productive
institutions are listed in Table 2. Seven of the most

active ones are in China, ratifying the results obtained
previously. Poland has two institutions, followed by
Canada, with only one. Although the United States is
the second country in number of publications, its insti-
tutions are not among the most productive because they
publish one or two papers each, suggesting that scien-
tific production is distributed.

The analysis of the collaborative research carried out
by the different countries shows their concern and inter-
est in the development of research aiming at the use of
lignin as a sustainable and renewable alternative for the
removal of chemical pollutants from effluents.

3.4 Highly Cited Papers

To provide information on which topics have the most
attention by researchers and what are the leading chem-
ical pollutants that are usually removed by lignin, a
survey of the most cited articles between the years
2014 and early 2019 was conducted. Table 3 lists the
top 10 highly cited papers among the 130 ones previ-
ously selected. According to Scopus Metrics, all cita-
tions were included.

Three papers listed in the ranking were published in
Chemical Engineering Journal, two in Journal of Haz-
ardous Materials, and two more in ACS Applied
Materials and Interface. Coincidentally, all of them

Table 1 Publications of the 10 most productive countries

Country Number of publications Percentage (%)

1 China 76 43.93

2 United States 13 7.51

3 Poland 9 5.20

4 Canada 8 4.62

5 India 5 2.89

6 Germany 4 2.31

7 Will 4 2.31

8 Nigeria 4 2.31

9 South Korea 4 2.31

10 United Kingdom 4 2.31

Fig. 3 Global geographical distribution of the literature on lignin research outputs from 2014 to early 2019 period
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were published in the years 2014 and 2015, with the
citations varying from 107 to 46. Since its publication,
the study developed by Nair et al. (2014) was the most
cited one (107 times). The authors discussed the devel-
opment of chitosan-lignin composites for use as an
adsorbent of metal ions and dyes in wastewater. The
second most cited publication (60 times), presented by
Li et al. (2015a), describes the production of a sphere
with green porous lignin as a precursor in the removal of
lead ions in aqueous media. In third place, with 57
citations, is the work developed by Klapiszewski et al.
(2015), who obtained a functional silica/lignin hybrid
material to be used as a novel adsorbent of nickel(II) and
cadmium(II) ions in aqueous solutions.

In general, all the articles presented in Table 3 are
original ones, focused on the use of lignin as an

adsorbent, suggesting that this polymer has important
adsorbent properties for heavy metal ions and dyes—
pollutants commonly studied.

3.5 Keywords Analysis

The analysis of the keyword’s occurrence extracted a
total of 1514, of which 339 were defined by the
authors of the documents and 1351 were indexed by
Scopus in the publications. Through an in-depth anal-
ysis of these keywords, it is possible to understand
the evolution of the research focus and development
trends in the area of interest. It is important to note
that a keyword can be part of the set of keywords
indexed to each document by the database as well as
those that were entered by the authors. For this

Fig. 4 Collaboration map among the top 10 most productive countries
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reason, the sum of such words does not account for
those mentioned more than once, resulting in the
amount shown. The study was directed to the words
defined by the authors.

The list of the keywords most used by researchers in
their work is shown in Table 4. The singular and plural
forms of the words were associated to simplify the list.

The most common keywords were “lignin” and “ad-
sorption” with a frequency of 66 and 59 in the publica-
tions, respectively. Both words are directly related to the
set of keywords used for database searching. The word
“adsorption” comprises most of the publications since
several works among the 130 articles analyzed refer to
this property of lignin. The words “heavy metal” and

Table 2 Institutions with the highest number of publications

Institution Country Number of publications Percentage (%)

1 Guangxi University China 15 11.5

2 South China University of Technology China 9 6.9

3 Ministry of Education China China 8 6.1

4 Politechnika Poznanska Poland 6 6.1

5 Maria Curie-Sklodowska University in Lublin Poland 5 3.8

6 Lakehead University Canada 5 3.8

7 Beijing Forestry University China 4 3.1

8 Northeast Forestry University China 4 3.1

9 Qilu University of Technology China 4 3.1

10 Fuzhou University China 4 3.1

Table 3 The top 10 highly cited papers published between 2014 and early 2019 period

Title TC Journal Year

1 Development of novel chitosan-lignin composites for
adsorption of dyes and metal ions from wastewater (Nair et al. 2014)

107 Chemical Engineering Journal 2014

2 Fabrication of a green porous lignin-based sphere for
the removal of lead ions from aqueous media (Li et al. 2015a)

60 Journal of Hazardous Materials 2015

3 Silica conjugated with kraft lignin and its use as a novel
“green” sorbent for hazardous metal ions removal (Klapiszewski et al. 2015)

57 Chemical Engineering Journal 2015

4 Synthesis of porous lignin xanthate resin for Pb2+ removal
from aqueous solution (Li et al. 2015b)

55 Chemical Engineering Journal 2015

5 Dithiocarbamate functionalized lignin for efficient removal
of metallic ions and the usage of the metal-loaded bio-sorbents
as potential free radical scavengers (Ge et al. 2014b)

55 Journal of Materials Chemistry A 2014

6 Modification of chitin with kraft lignin and development of
new biosorbents for removal of cadmium(II) and nickel(II)
ions (Wysokowski et al. 2014)

54 Marine Drugs 2014

7 A new, low-cost adsorbent: preparation, characterization, and
adsorption behavior of Pb(II) and Cu(II) (Huang et al. 2015)

51 Journal of Colloid and Interface Science 2015

8 Surface-functionalized porous lignin for fast and efficient lead removal
from aqueous solution (Li et al. 2015c)

50 ACS Applied Materials and Interfaces 2015

9 Adsorption of Procion Blue MX-R dye from aqueous solutions by
lignin chemically modified with aluminum and manganese
(Adebayo et al. 2014)

46 Journal of Hazardous Materials 2014

10 High-value utilization of lignin to synthesize Ag nanoparticles with
detection capacity for Hg2+ (Shen et al. 2014)

46 ACS Applied Materials and Interfaces 2014

TC, total citations
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“metal ion” relate to the removal of heavy metals and
their ions by lignin, just as the word “methylene blue”
correlates to the removal of dyes fromwater. As noticed,
these are the leading pollutants studied. Lignin removal
of methylene blue dye is widely cited in the literature, as
is the removal of lead ions. For this reason, the keyword
“methylene blue” and “lead ion” are on this list. Fur-
thermore, the word “kraft lignin” refers to the main type
of lignin used in the analyzed works, while the words
“flocculant” and “hydrogel” are related to how lignin is
used often for the removal of polluting agents.

Before exporting data to VOSviewer, the words al-
ready mentioned in the plural and their synonyms were
re-labeled. For example, “lignins” was replaced by “lig-
nin,” “adsorption process” was replaced by “adsorp-
tion,” and “metallic ions” by “metal ion.” Two mini-
mum occurrences of keywords were defined in
VOSviewer. The map with the network of the most used
keywords within the established criteria is presented in
Fig. 5.

The words “lignin” and “adsorption” have a larger
node size, and the weight of edges between them is also
higher compared to the other keywords (Fig. 5). This
behavior indicates that in addition to the more frequent
use of these two keywords, they are also used together.
Besides that, the bigger weight of edges can be ex-
plained by a large amount of work describing the use
of lignin as an adsorbent for the removal of pollutants.
Besides that, these words also have a strong connection
with the words “lead ion” and “heavy metal,” indicating
that a high proportion of articles is focused on the
removal of such pollutants by lignin. The analysis of
Fig. 5 also reveals other ways of using lignin that were

found in the studies, for example, “biochar,” “nanocom-
posite,” and “biosorbent.” These results are significant
since it allows researchers to visualize the overview of
research subject trends of scientific articles related to the
proposed theme and also assists them in the develop-
ment of new research.

3.6 Publication Analysis and Hot Issues of Selected
Literature

Through the analysis of the publications, it was found
that lignin was used in various ways in the works
analyzed for application in the removal of pollutants in
industrial effluents. As a result, the documents were
divided into the following five categories: adsorbent,
application as biosorbent, flocculant/coagulant, a raw
material for hydrogel production, and others. This latter
category includes articles that report the use of lignin as
surfactant, membranes, in oxidative treatment, as well as
aid in fungal oxidation and pipes cleaning. The chart of
all five categories is shown in Fig. 6.

The documents that fall into the adsorbent category
describe the use of lignin as a raw material to produce
activated carbon, foams, membranes, composites and
nanocomposites, resins, nanomaterial, spheres and mi-
crospheres, lignin films and permeable barriers. Several
of these works point out that the modification of lignin
or manufacture of such materials, based on this natural
polymer, increases the lignin adsorptive capacity im-
proving the removal of chemical pollutants from indus-
trial wastewater.

Regarding the types of chemical pollutants found in
the literature, among the 130 articles evaluated, the
highest proportion is related to heavy metal ions and
dyes with percentages of 56.91 and 41.55%, respective-
ly. Lastly, there are also papers describing the use of
lignin for both treatments of wastewater contaminated
with pesticide (Hu and Chen 2015) and in the treatment
of aqueous solutions contaminated with 4-nitrophenol
(Martin-Martinez et al. 2017).

The following subtopics provide a detailed analysis of
the content present in the selected literature regarding the
use of lignin according to the categories listed in Fig. 6.

3.6.1 Lignin as Adsorbent

Several publications describe the application of crude or
modified lignin as adsorbent. As is the case with the recent
study by Li et al. (2018a), which, to increase the adsorption

Table 4 The most used keywords

Keyword Frequency

1 Lignin 66

2 Adsorption 59

3 Heavy metal 17

4 Methylene blue 8

5 Lead ion 7

6 Wastewater 7

7 Hydrogel 7

8 Flocculant 7

9 Kraft lignin 6

10 Metal ion 5

  333 Page 8 of 14 Water Air Soil Pollut         (2020) 231:333 



capacity of lead ions, synthesized a carboxymethylated
lignin adsorbent by the microwave-assisted synthesis
method, using alkaline lignin as a precursor. The adsorbent
obtained presented adsorptive capacity valuesmuch higher
than conventional adsorbents, such as commercial activat-
ed carbon, coconut-derived charcoal and zeolites, and
other lignin-based adsorbents, being quantified at
302.3mg/g. The authors explained that the high adsorption
capacity of carboxymethylated lignin could be attributed to
a large number of adsorption sites resulting from the

carboxyl groups that were incorporated into the lignin
structure. Through microwave-assisted synthesis, the con-
tent of these groups was increased to 3.61 mmol/g in
lignin. Additionally, the adsorption capacity of the studied
material remained at 90% even after ten adsorption–
desorption cycles, which constitutes a potential alternative
for the treatment of industrial effluents.

To improve lignin adsorption capacity for heavy
metal ions (Cu(II) and Pb(II)), Jin et al. (2018) synthe-
sized an N-acetyl-L-cysteine (CFL) functionalized bam-
boo lignin-based adsorbent. The study found that due to
the introduction of more adsorption sites, which are
related to the cysteine chelating property, the maximum
adsorption capacity for Cu(II) (68.7 mg/g) and Pb(II)
ions (55.5 mg/g) was increased by 12.5 and 7.6 times,
respectively, when compared to crude lignin. Also, the
CFL adsorbent was more selective in the studied ions.

In a comparative study, Marouani et al. (2017) eval-
uated the adsorptive capacity of crude lignin, its derived
charcoals (lignin char and lignin activated carbon), and
commercial activated carbon in aqueous solutions of
methylene blue and methyl orange dyes. The work
inferred that crude lignin showed better results for

Fig. 5 Cluster map for the most used keywords based on the analysis of 130 publications indexed to Scopus

Fig. 6 Categories and their respective frequencies for the different
lignin applications in the removal of pollutants in industrial
effluents
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methylene blue dye adsorption, while its derived char-
coals showed good results for both dyes. However,
lignin activated charcoal showed adsorption capacity
comparable to commercial activated charcoal for meth-
ylene blue and higher for methyl orange, demonstrating
the potential of active carbons from such polymer.

Lignin, oat, soy protein, sodium alginate, and chito-
san nanofiber membranes were produced by Kolbasov
et al. (2017). They evaluated lead adsorption capacity in
solutions of such materials. According to the re-
searchers, lignin-based nanofibers showed adsorption
results comparable to conventional adsorbents, which
demonstrates that lignin has excellent application poten-
tial since its cost is significantly lower than adsorbents
used for the treatment of contaminated water.

The study developed by Kumari et al. (2016) report-
ed the synthesis of new lignin-based polyurethane foam
(LPUF) extracted from pine needles. The authors inves-
tigated the application of this foam to the removal of
malachite green and methyl orange dyes in aqueous
solutions. The obtained results have shown that LPUF
proved to be an efficient material for removing dyes,
with better results for the adsorption of cationic dye
(malachite green), with maximum adsorption capacity
for the analyzed pollutants of 80 mg/g, besides having
significant reuse, maintaining 60% efficiency even after
20 adsorption cycles.

A new dithiocarbamate functionalized organosolv
lignin adsorbent (OLDTC) was obtained by Ge et al.
(2016) from a microwave-assisted method for the re-
moval of mercury ions in solution. The data showed that
the saturation capacity of Hg(II), evaluated at 210 mg/g,
was 2.8 times higher than crude lignin and 16 times
higher than polyacrylamide grafted cellulose adsorbents
used for comparison. Additionally, the study demon-
strated that functional groups were effectively intro-
duced into the lignin structure due to the synthesis
method used, which promoted a substantial increase in
adsorbent adsorption capacity. This indicates that
OLDTC can effectively adsorb the ions of mercury
and other heavy metals.

Several other studies describe the use of lignin as a
precursor material in the manufacture of nanoparticles
(Li et al. 2018b), lignin films (Duan et al. 2018), spheres
(Kwak et al. 2016), microspheres (Li et al. 2016), meso-
porous material (Tang et al. 2016), resins (Li et al.
2015b) and permeable barriers (Kozyatnyk et al. 2014)
for the treatment of effluents containing toxic chemical
agents.

3.6.2 Lignin as Biosorbent

In the succeeding paragraphs are two of the works that
use sorbents to remove dyes and heavy metals. Articles
in this category highlight the simultaneous absorption
and adsorption properties of lignin for the removal of
contaminants, and therefore, these were not included in
the adsorbent category.

In this perspective, Budnyak et al. (2018) investigat-
ed the sorption of methylene blue dye in aqueous solu-
tion. Silica hybrids and kraft lignins (from softwood)
from the LignoBoost (LBL) and CleanFlowBlack
(CFBL) processes were synthesized for this purpose.
The results showed that the CFBL-based hybrid sorbent
had a 30% higher dye removal capacity than the LBL-
based hybrid, a value measured at 60 mg/g. Both mate-
rials extracted from 80 to 99% of the dye at pH in the
range of 3 to 10. The study also demonstrated that the
surface regeneration capacity of the two evaluated sor-
bents exhibited highHCl values (up to 75%) and ethanol
(99%), confirming its efficiency and applicability in
industrial wastewater treatment processes.

Xu et al. (2017) synthesized a biosorbent frommeso-
porous lignin (MLBB) from rice straw through an SO3

micro-thermal-explosion process. This chemical modi-
fication of lignin provides a large number of sulfonic
groups on the surface of lignin, which is very beneficial
for removing heavy metal ions. The authors used Pb(II)
as an ion model for the analysis. MLBB presented
excellent ion capture performance, with a maximum
capacity estimated at 952 ± 31 mg/g, a result attributed
to the lignin mesoporous structure and the modification
performed.

3.6.3 Lignin as a Raw Material for Hydrogel
Production

Studies related to lignin as a precursor material to pro-
duce hydrogels report the following two mechanisms of
pollutant separation: adsorption and absorption. Among
the publications describing such characteristics of
hydrogels, two will be described subsequently, each
referring to a separation process. It should be noted that
the publications in this category describe the use of
lignin to produce hydrogels only and, therefore, they
have not been included in the biosorbent category,
which encompasses any sorbent material from lignin.

Domínguez-Robles et al. (2018) described the man-
ufacture of high swelling lignin hydrogels for dye
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removal. The results indicated that these hydrogels had
high efficiency in the removal of methylene blue dye
from solutions. The percentages of removal ranged from
12 to 96% and depended directly on the negative surface
charge of hydrogels as a result of the numerous carbox-
ylic acid groups present in the samples. The study
concluded that the hydrogels produced were able to
absorb a higher amount of water and dye when com-
pared to other hydrogels.

Yao et al. (2014) synthesized a modified lignin-based
hydrogel referred to as bentonite/sodium lignosulfonate
graft-polymerized with acrylamide and maleic anhy-
dride (BLPAMA) and used it to remove metals from
aqueous solution. The experiments showed that this
hydrogel has a high adsorbing capacity for Pb2+ ions,
reaching the maximum capacity at pH 5.0. The authors
evaluated the competitive adsorption between Pb2+,
Cu2+, Cd2+, and Zn2+ in quaternary metal solution. They
concluded that the adsorbent presented high selectivity
over Pb(II), inferring that this hydrogel can be used in
effluents containing a high concentration of this ion.

3.6.4 Lignin as a Flocculant or Coagulant Agent

All documents reporting the use of lignin as a flocculant or
a coagulant agent refer to the removal of effluent dyes.
This outcome may be since both the coagulation and
flocculation processes are preferably used for the treatment
of dye-containing effluents because of their high efficien-
cy, low cost, and energy-saving, once coagulants facilitate
the aggregation of the dye particles to promote the neutral-
ization of repulsive charges created between such particles
(Wahlström et al. 2017).

In the study by Guo et al. (2018b), sulfonated hydroxy-
propyl lignin (SL) was produced by reacting lignin kraft
with sodium 3-chloro-2-hydroxypropansulfonic acid to be
used as a coagulant for cationic dyes. The efficiency of SL
as a coagulant for removal of the basic blue 41 and ethyl
violet dyes was higher than that of commercially produced
lignosulfonate, reaching 93.05% removal and confirming
the potential of the coagulant studied.

According to Cui et al. (2017), a ternary graft copol-
ymer (chitosan-acrylamide lignin) was synthesized
through microwave irradiation combined with a
chemical-free radical initiator (K2S2O8/Na2S2O3) for
flocculant application. Flocculation performance was
evaluated by the ability to remove acid black-172 syn-
thetic dye. Data indicated that the color removal effi-
ciency was 97.1% in dye wastewater, also pointing to a

wide effective pH range (4 to 10) and an optimal re-
moval even at various dosages of flocculant. The au-
thors attributed these results to the various functional
groups grafted during copolymerization, attesting to the
potential of flocculant copolymer.

3.6.5 Other Applications

Applications of lignin that have been classified in this
category involve the use of lignin as an amphoteric
surfactant, like shown in the studies developed by Tian
et al. (2014a) and Tian et al. (2014b), who synthesized
dimethyl-butyl-sulfonated lignin ammonium chloride
(DBSLAC) and dimethyl-acetoxy-(2-carboxymethyl
ether)-lignin ammonium chloride (DALAC), respec-
tively, from wheat straw alkali lignin. Both DBSLAC
and DALAC adsorption performances were tested with
a solution of copper ions as simulated wastewater. Their
flocculation performance was investigated with acid
black ATT (anionic dye) and methylene blue (cationic
dye). These two different surfactants presented them-
selves as novel adsorbents for heavy metal ion and
flocculants of dyes.

Han et al. (2014) evaluated the effect of lignin on the
decolorization of four different azo dyes in vivo by the
fungus Echinodontium taxodii. In the presence of lignin,
a more efficient biodegradation was found since laccase
(dominant enzyme) is induced by this polymer,
obtaining 91.75% of decolorization for Remazol Bril-
liant Violet 5R (control 65.96%), 76.89% for Direct Red
5B (control 43.78%), 43.44% for Direct Black 38 (con-
trol 17.02%), and 44.75% for Direct Black 22 (control
12.16%).

Huang et al. (2017) synthesized a biomass-based
plumbing pipe cleaning agent (DHEL) from a lignin-
derived monomer (2-methoxy-4-propylphenol) for met-
al deposit removal of exhumed plastic pipe surfaces.
With a dosage ≥ 5 mM and neutral pH, DHEL removed
≥ 95% of total metal deposits, showing higher favorabil-
ity for Cu and Zn rather than Fe, Mn, and Pb.

The study conducted by Huang et al. (2018) present-
ed a renewable and inexpensive biopolymer synthesized
from lignin (lig) interpenetrated into a polypyrrole (PPy)
framework via an electropolymerization method. The
PPy/lig composites formed were uniformly coated on a
graphite felt (GF) to be used in electro-Fenton systems
for oxygen reduction to H2O2. The oxidative treatment
of wastewater performed by the PPy/lig-GF cathode
achieved 92.55% decay of the initial AO7 (azo dye).
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4 Conclusion

In this review, the Scopus database was used to
perform a complete bibliometric analysis of the
scientific articles published during the 2014 to early
2019 period on the thematic of lignin applicability
for the removal of chemical pollutants in effluents.
The results of the analysis of the 130 evaluated
documents evidenced the growing trend of research
related to the use of lignin for the removal of
chemical pollutants in effluents, having a large part
of the articles focused on the areas of chemical
engineering, chemistry, and environmental science.
The most used language was English, accounting
for about 90% of publications. China and the Unit-
ed States were the most productive countries in
many studies; however, it was the United Kingdom
countries that were leaders in international collabo-
ration. Regarding the institutions, seven of the ten
most productive ones are located in China, with
Guangxi University being the most active. The fact
that the United States does not appear in this rank-
ing indicates the distribution of research conducted
in the institutions of this country.

The top ten most cited papers are all original ones,
and three of them were published in the Chemical
Engineering Journal. Regarding the keywords used by
the authors, “lignin” and “adsorption” are the most
common among publications, indicating a large number
of articles describing the use of lignin as an adsorbent
for the removal of pollutants.

Studies have shown that lignin is a powerful
alternative for replacing materials currently used in
wastewater treatment, given its high availability, low
cost, and biodegradability. Lignin has been reported
as a raw material for the preparation of biomaterials,
such as adsorbents, sorbents, flocculating agent,
hydrogels, surfactants, as well as fungal oxidation
aid, pipe cleaning, and cathode production material.
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