Revista Brasileira de Ciéncias Ambientais
Brazilian Journal of Environmental Sciences

A study on the reuse of ash from sugarcane bagasse
Estudo da reutilizagdo das cinzas do bagac¢o da cana-de-agtcar

Monique Carrer Hobold! ©, Alex Hahn Matos®

ABSTRACT

, Karen Amorin da Silva?

, Glaucea Warmeling Duarte®

RESUMO

The generation of large amounts of ash from sugarcane bagasse by its
producing countries is becoming a worldwide-problem. lIts irregular
application, such as in fertilizers, contaminates soil and water, causing
a great environmental problem. Studies show it is possible to apply
ash in some specific areas, such as replacement of portland cement,
replacement of clay, as an adsorbent, in the treatment and stabilization
of soils, in the pavement of road asphalt, among others. The objective
of the present article is to evaluate which are the most promising areas
for the use of sugarcane bagasse ash. The work was developed with
a bibliographic search, using the bibliometrics technique. The results
obtained show that it is possible to use ash in several different areas.
However, having a detailed study of the characteristics of the ash
obtained is important, because they are directly related to the regions
and climates where sugarcane is cultivated, besides its granulometry,
collection time the ashes in the boilers, pHs, curing time, etc. In
conclusion, results can be very different for the same application area,
depending on the properties of the ash obtained.

Keywords: waste recovery; soil stabilization; portland cement
replacement; adsorber; red pottery.

A geragdo de grandes quantidades de cinza do bagago da cana-de-
acucar por paises produtores esta se tornando um problema no ambito
mundial. Sua aplicagdo irregular, como em fertilizantes, contamina
solos e aguas, ocasionando um grande problema ambiental. Estudos
mostram que é possivel aplicar cinzas em algumas dareas especificas
como substituicdo do cimento Portland, substituicdo da argila, como
adsorvente, no tratamento e estabilizagdo de solos, na pavimentagado
de asfalto rodoviario, entre outros. O objetivo deste artigo é avaliar
quais sdo as areas mais promissoras para a utilizagdo da cinza do bagago
da cana-de-agucar. O trabalho foi desenvolvido por meio de uma
pesquisa bibliogréfica, utilizando a técnica bibliométrica. Os resultados
obtidos comprovam que é possivel a utilizagdo das cinzas em vdrias
areas diferentes. Entretanto, para cada aplicagdo é importante haver
um estudo detalhado das caracteristicas da cinza obtida, pois estdo
diretamente relacionadas as regides e climas onde a cana é cultivada,
granulometrias, tempo de coleta das cinzas nas caldeiras, pHs, tempo
de cura etc. Em suma, para a mesma area de aplicagdo, os resultados
podem ser muito diferentes, dependendo das propriedades das cinzas
obtidas.

Palavras-chave: valorizagdo de residuos; estabilizagdo do solo;
substituicdo de cimento portland; adsorvente; ceramica vermelha.
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Introduction

When seeking sustainable development, new approaches emerge
in the chemical industry, with the concept of green chemistry, which
promotes more economical and environmentally correct methodolo-
gies. Among them, there are those focused on the production of more
efficient and cheaper inputs. In this way, contributing to reduce the
environmental impacts of the production chain with industrial ecol-
ogy, which consists of the integration of the principles of Science, En-
gineering and Ecology in industrial systems so that the generation of
products and services provided minimize the environmental impacts
and optimize the use of resources, energy and capital (VARGAS et al.,
2017).

Sugarcane is grown in approximately 110 countries, with Brazil
being its largest producer in the world, followed by India, China and
Thailand. It is estimated that in Brazil production exceeds 600 million
tons / year (FARIA; HOLANDA, 2013). The annual production of sug-
ar cane in Brazil contributes about US $ 43.8 billion in gross domestic
product. About 80% of Brazil's biomass electricity is generated from
sugarcane bagasse. However, the process of generating energy from
bagasse leads to a by-product residue, sugarcane bagasse ash, which
requires disposal (ANDREAO et al., 2019).

Sugarcane production is one of the main agricultural activities in
Brazil, and one of the by-products generated in sugar and ethanol pro-
ducing plants is the sugarcane bagasse ash sand (SBAS) (ALMEIDA et
al., 2015). As the authors Faria and Holanda (2013) add, this sugarcane
bagasse is normally reused in the industry itself as a fuel source in boil-
ers, in energy cogeneration and, as a result, an enormous amount of
ash is generated throughout the world. Roughly 2.5% of the mass from
the cane is transformed into ash, of which most of its reuse is in the
form of fertilizers.

The sugarcane bagasse that is collected during processing has a
good calorific value and is used for supplementary energy production.
However, the ash generated in the process must be dumped in landfills
(CHOPPERLA et al., 2019), which normally does not happen.

The ash, removed from the boilers, is usually stored in the open air
when not used as a source of raw material in other processes, waiting
for indefinite periods until it has a destination, usually in the crops as
fertilizers (ALMEIDA et al., 2015), in the form of a mixture of vinasse
(distillation remains) and bagasse ash, which can alter the physical and
chemical characteristics of soil (FARIA; HOLANDA, 2013).

The use of industrial and agricultural waste in a controlled man-
ner, such as ash from sugarcane bagasse, has been the focus of recent
research due to economic, environmental, and technical issues (MO-
HAN; NARAYANASAMY; CHANDRASEKAR, 2018), because this
by-product harms the environment when handled in an irregular way,
such as the contamination of soils and water bodies (IMRAN et al.,
2016).

Thus, the technically controlled use of industrial waste to replace

natural resources to produce new products with comparable quality
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has a major economic and sustainable contribution (DAL MOLIN FIL-
HO et al., 2019). Thus, studies that evaluate the possibilities of reusing
the ash are promising, given that this material will have a more correct
and profitable destination.

In addition to contributing to the conservation of the environment,
by reducing waste disposal and the extraction of natural resources, it
also results in minimizing costs with the final destination and man-
agement of waste, as well as economic gains with the production of
materials of reduced costs (BRAGAGNOLO et al., 2018).

Studies by Joshaghani, Ramezanianpour and Rostami (2016) show
that parts of the ash can be used to replace Portland cement. The prop-
er use of bagasse ash in cement mortar can provide the ideal solution
for environmental issues (REZA, 2019).

The authors Schettino and Holanda (2015a) present the use of sug-
arcane ash in the ceramic industry. The manufacture of bricks using
waste presents better performance and low production cost, leading to
a more sustainable construction (SANTHOSH; JAGAN; PRIYANGA,
2018). On the other hand, Ferreira, Fageriae and Didonet (2012) eval-
uate its use in soil treatment. The article by Hasan et al. (2016) made a
publication for the use of ash in the road asphalt pavement.

Some papers have proved the feasibility of insertion in infrastructure
works, such as in the use of materials for grounding, reinforcement for
road construction and production of asphalt mixtures (BRAGAGNOLO
etal.,2018).

The considerations pointed out in the literature can serve as a start-
ing point for the development of new specific studies on the possibili-
ties of using the ash from sugarcane bagasse in an effective and efficient
manner, thus reducing the disposal of this residue in the environment.

Based on this premise, there is a need to investigate the state of the art
of scientific production related to the theme, so that future studies can be
grounded. Thus, the main objective of the present study is to analyze, from
the point of view of bibliometric theory, the scientific productivity regard-

ing the main uses of sugarcane ash.

Methodological procedures

Research presented in this article was developed using the pro-
cedures of a bibliographic study, with the collection of data using the
bibliometrics technique, which is traditionally used in some areas to
evaluate scientific research on a given topic, (SACARDO, 2012). De-
pending on the results obtained and the methodology used to analyze
them, research can also be classified as quali-quantitative and, regard-
ing the objectives, as descriptive research, it has the function of de-
scribing the characteristics observed in the selected papers.

The articles used for this bibliographic search were selected
from three databases, namely: Science Direct, Scopus, and Web of
Science. The search term used in the three cited bases was “Sugar-
cane bagasse ash’, and a total of 488 articles were found. It is im-
portant to note that the searches were made considering articles
published by December 2019.
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Of this total, 163 articles were duplicate, that is, published in more
than one evaluated database, with 325 articles remaining for further
research.

After applying this first filter, all titles and abstracts of the papers
were evaluated to verify if they were related to the objective of the pro-
posed article, which is to evaluate the possible applications of ash from
sugarcane bagasse.

After reading the items, 102 articles were not within the context,
with a total of 223 articles used for the development of this paper.

To obtain these results in the databases, research was carried out
considering only the original articles. The keywords should also appear
only in the title, abstract, or keywords of the articles. The articles se-
lected for research sought to evaluate items such as year of publication,
main authors, and countries of affiliation, in addition to the objectives,
methods, and results of each selected article. Moreover, we sought to
classify the themes discussed in the articles to make the discussion of

results easier.

Results and Discussion

The articles used for the development of the present paper were
classified according to their year of publication, as shown in Figure 1. It
can be seen from the results presented that those papers that deal with
the possible uses of sugarcane bagasse ash are relatively recent, with
publication dates after 2006. In addition, there has been a significant
growth over the last five years, which makes the growing concern to
find a viable application visible, both economically and environmen-

tally, for this type of by-product.

Figure 1 - Classification of publications by year.
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As for the countries where these publications were developed, there
is a total of 22 countries, among which Brazil stands out for the num-
ber of publications with 50 articles, followed by India, with 45 articles.
Figure 2 shows the countries most cited in the evaluated publications.
Both Brazil and India account for approximately 70% of all papers. This
can be explained by the fact that these two countries are the two largest
sugar cane producers in the world (LEITE et al., 2018), leading to the
generation of a large amount of ash from sugar cane bagasse and, con-
sequently, the need to seek viable alternatives for its use.

Other pieces of information extracted were regarding the au-
thors of each country, as well as the number of articles published
by each researcher. In Brazil, among the evaluated publications, the
researcher who most published papers on the topic was Holanda
JNF, with 12 published articles, followed by Faria KCP, with 7 ar-
ticles, Sales A., with 6 articles, and authors Akasaki JL, Melges JLP
and Tashima MM, with 5 articles each. In India, the researchers
who most published works on the topic were Madurwar M., with
7 articles, Ralegaonkar M., with 6 articles, Bahurudeen A., with 5
articles, and Santhanam M. with 4 articles. In the other countries
with published articles on the topic, the authors participated in less
than 4 papers, therefore not cited.

It is noticed that, unlike other topics, there are not many authors
with large amounts of publications on the topic studied. This is indic-
ative of the novelty of the topic in the technical and scientific world.
Much of the knowledge is acquired empirically during the processing
of ash, such as during its use as a fertilizer, which is developed, usually

without control, by the big producers or processors of this material.
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To assess the main axes used in research on the possible applica-
tions of sugarcane ash, the papers found were categorized according
to the evaluated application. Most of them, approximately 60% of all
articles evaluated, studied the application of ash from sugarcane ba-
gasse in joint applications or as a substitute for Portland cement. The
second most common theme was the use to replace components used
in the manufacture of red ceramics, accounting for almost 20% of all
articles. Some studies have also dealt with the use of by-product for
soil treatment and stabilization and as adsorbent material, making up 7
and 3.2% of the papers, respectively. The other papers evaluated varied
applications, with 1 or at most 2 papers per theme, not addressed in
the discussions.

Substitute in formulations of Portland cement concrete

Ash from sugarcane bagasse is promising in the partial replace-
ment of Portland cement, showing that this material may have poz-
zolanic activity. In several studies, the influence of different meth-
ods of processing sugarcane bagasse ash as to pozzolanic properties
are observed (BAHURUDEEN; SANTHANAM, 2015).

Some studies have evaluated the replacement of Portland cement
for sugarcane bagasse ash in the proportions of 10 to 30%, together
with rice husk ash. The resistance of mixtures increased by 5% after 90
days, compared to the reference sample, but when ash rates increased
to 25 and 30%, there was a reduction in the compressive strength. In
relation to electrical resistivity, the replacement of 20% of Portland ce-
ment for sugarcane bagasse ash promotes a 159% increase in electrical
resistivity with a 90-day cure time. (JOSHAGHANI; MOEINT, 2018).

A study carried out in 2018 investigated the potential of sugar-

cane ash to make concrete mixtures. The economic analysis showed

that the incorporation of this by-product can reduce the total cost of 1
m?® of concrete by more than 40% compared to conventional concrete
(SINGH et al., 2018).

Another study evaluated the substitution of fine aggregate with
substitutions of 5 to 20% for ash, showing results very similar to pure
cement. It shows that the best performance of the trace is with 20%
ash from the sugarcane bagasse in relation to the reference concrete
(FERNANDES et al., 2015).

Another study investigated the possibility of the combined use of
agro- and industrial waste in the development of concrete. Charac-
teristics of self-compacting concrete made from cement mixed with
ash from sugarcane bagasse and common Portland cement were ex-
amined in an experimental program. The results of the tests indicated
that the substitution for sugarcane bagasse in mixtures resulted in
less fluidity and increased levels of sulfate (LE; SHEEN; LAM, 2018).
Some results indicate that 10% of the mixture of sugarcane bagasse
ash with cement is the ideal percentage to obtain efficient and, con-
sequently, more ecological self-compacting concrete (KHATUN;
SINGH; SHARMA, 2018).

An experimental study with sugarcane bagasse ash replacing cement
in 5, 10, 15, 20, and 25%, by mass, was carried out in common, light
and self-compacting concretes. The mechanical properties, such as com-
pressive strength, tensile strength, impact resistance, workability, water
absorption, and ultrasonic pulse speed were performed on the samples.
The results indicated improvements in strength and impact resistance at
light weight, as well as durability and quality of cement with mass substi-
tution at 5%. The tests were carried out on fresh and hardened concrete.

The partial substitution of lightweight cement for ash improved the

performance of lightweight concrete, more than other types of con-

Figure 2 - Classification of publications according to the authors’ country of affiliation.
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crete. With the addition of 5% of sugarcane bagasse ash, the strength
properties of light cement improved. The demand for water increases
in the same proportion of the added ash, due to the carbon content and
the porous irregularities of ash. When replacing 5% of cement for ash,
there was also an increase in durability and impact. Tests show that the
optimal replacement of cement is in the percentages of 5% in normal
weight (ZAREEL; AMERI; BAHRAMI, 2018).

The results obtained for partial replacement of Portland cement in
concrete, in the proportions of 0, 10, 15, and 20%, by weight, also indi-
cated that the strength of the concrete increased with the replacement
of 15% of cement for ash from sugarcane bagasse sugar (SIREESHA;
RAO; RAO, 2013).

Red ceramic replacement

The use of sugarcane bagasse ash in the production of ceramic tiles,
containing up to 2.5% by weight of ash is a partial substitute for quartz.
The test results, in terms of strength, flexion, apparent density, linear
shrinkage and water absorption, indicated a great potential of ash for
its industrial application (SCHETTINO; HOLANDA, 2015a).

A study developed in 2017 reported that the thermal conductivity of
bricks is an important parameter, because it directly influences the heat
loss of buildings and, therefore, increases energy consumption. Thermal-
ly burnt clay bricks were developed, incorporating agricultural residues
(sugar cane bagasse ash and rice husk ash) on an industrial scale. It was
observed that lighter bricks can be produced with agricultural by-prod-
uct, which helps to reduce the cost and the overall weight of the structure
(KAZMI et al., 2018).

Faria and Holanda (2013) studied the replacement of up to 20%
of natural clay mass for sugarcane ash. The results in water absorption
showed only a small variation (22.76-27.40%). At 1,100°C, there was
a significant decrease in water absorption (14.45-19.50%), caused by
partial closure of open pores. For an addition of 20% of sugarcane ba-
gasse ash, the ideal temperature is 1,100°C. For burning without ash,
the ideal temperature is between 700 and 1,100°C.

For the replacement of up to 60% of natural clay for ash in the man-
ufacturing process of tile, technological tests show that at temperatures
up to 1,000°C, the ash from sugarcane bagasse have little influence on
the properties of clay, and after 1,200°C, X-ray diffraction data and
thermal analysis showed that ash undergoes a sintering process and
the formation of new phases. The addition of 60% of ash from sug-
arcane bagasse showed little resistance to flexion; on the other hand,
the replacement of ash at 20% had very good results, staying within
acceptable standard measures (SOUZA et al., 2011).

The flexural strength gradually decreased with the addition of sug-
arcane bagasse ash by-products, this result may be related to the po-
rosity of pieces. The apparent density was essentially unchanged after
the addition of sugarcane bagasse ash by-products. The incorporation
of larger amounts of ash by-products tend to decrease the rate of den-

sification of porcelain stoneware tiles. With the addition of sugarcane
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bagasse ash there was a variation in porosity, in which the permissible
percentage is found in the substitution of 5% of the mass weight. The
results showed that the replacement of the ceramic mass for sugarcane
ash in 2.5% of the weight can be used as a partial substitute for stone-
ware porcelain, maintaining excellent technical properties. The flexur-
al strength gradually decreased with the addition of sugarcane bagasse
ash by-products, result which may be related to the porosity of pieces.
The incorporation of larger amounts of ash by-products tend to de-
crease the rate of densification of porcelain stoneware tiles (SCHETTT-
NO; HOLANDA, 2015b).

Another study evaluated the influence of adding ash from sugar-
cane bagasse on the performance in red ceramics as well. Two methods
were evaluated: conventional sintering in an electric oven and micro-
wave sintering. The results indicate that microwave sintering, when
compared to sintering in an electric oven, promoted an increase in
compressive strength and reduced adsorption water for the ceramic
masses, probably due to the microstructure refinement. The addition
of ash from sugarcane bagasse led to a reduction in the density of sam-

ples, especially those synthesized in the microwave (LYRA et al. 2019).

Soil treatment and stabilization

A major challenge for road contractors, as to the manufacture
of paved roads, relies on expansive soils. Expansive soils undergo
volume changes, depending on the humidity and weight of the mass
that travel over soils or roads. Engineers are looking for a satisfactory,
low-cost solution for the ash from sugarcane bagasse to solve this
problem. In laboratory tests, percentages of ash and hydrated lime of
up to 25% of the dry mass of the soil were used. Some tests developed
show that the longer the curing time, the better the results obtained.
(HASAN et al., 2016).

Very satisfactory results are obtained regarding the use of sugar-
cane bagasse ash in the construction of paved roads. The study eval-
uated the use of ash mixed with cement, replacing hydrated lime, in
the proportions of 3, 6, and 9%, with the best mixture content found
in the application of 9%, with a cure of forty days (KHAN; KAMAL;
HAROON, 2015).

Moreover, with the addition of 9% cement to the ash from sug-
arcane bagasse, there was a double increase in resistance to compres-
sion and maximum dry density, after 40 days of curing. The ash from
sugarcane bagasse had very positive results, regarding environmental
protection, appropriate waste management and the saving of raw ma-
terials. In short, the use of sugarcane ash is a great alternative in the
application of road construction (KHAN; KAMAL; HAROON, 2015).

The tests show that the percentages of ash application vary, accord-
ing to the application and the desired results for each application, being
quite satisfactory and collaborating with the environment, and reduc-
ing financial resources (MALATHY et al., 2018).

The use of sugarcane bagasse ash was also evaluated in peat sta-
bilization. Studies show that the partial replacement of peat stabilized

RBCIAMB | v.56 | n.1 | Mar 2021 | 41-48 - ISSN 2176-9478



Hobold, M.C. et al.

at 20% of ash from sugarcane bagasse mass has very positive results.
The pre-consolidation pressure increased with the curing period.
In short, the results were quite significant, and the applications can be
improved (ABU TALIB; YASUFUKU; ISHIKURA, 2015).

A study was carried out to evaluate the effects of adding sugarcane
bagasse ash to the development of the strength of an expansive soil
stabilized with lime. The results revealed that the addition of sugarcane
bagasse increased the immediate, early, and late resistance of the stabi-
lized soil JAMES; PANDIAN, 2018).

Other studies have also been carried out with mixtures of different
types of ash, such as rice husk ash, cattle manure ash, and sugar cane
bagasse ash. The mixtures were used in weight percentages from 0 to
12.5% in soils. For each type of soil application, as well as its variables,
such as microscopic properties and temperature, there is a need of col-
lecting information, both of the soil variables and the desired purpose,
so that it is possible to apply sugarcane bagasse ash and other organic
materials to stabilize soils (JUN, 2011).

The natural, dry clay, after stabilization, increased the natural
moisture. The results showed the optimum content of the substitution,
in mass, of the ash with 7.5% with significant improvements in the nat-
ural humidity and volume (JUN, 2011).

In the case of its use for soil treatment, it is known that depend-
ing on the source of ash, it can present nutrients for the cultivation
of annual plants. In Brazil, considering that there is a large area of
oxisol, which unfortunately has little fertility and a lot of acidity,
such by-product can be used for treatment and fertilization of these
areas. Ash application raises the nutritional status of the soil to a
sufficiently satisfactory level, guaranteeing adequate nutritional
conditions for the growth and yield of most crops. The ash was ef-
fective in reducing acidity and improving soil fertility (FERREIRA;
FAGERIAE; DIDONET, 2012).

It is known that sugarcane bagasse ash is also used for soil bio-
fertilization, without protocol. This indicates the need to develop
studies and create methods for the use of these by-products with a
focus on the correct management and application in the soil with-
out causing damage to the environment (XAVIER et al., 2019).

Other studies carried out by Lima (2011) evaluated the availabil-
ity of Phosphorus (P) for soils treated with organic materials rich in
silicon for the cultivation of sugarcane. Five compounds were studied,
among which are sugarcane bagasse and sugarcane bagasse ash. The re-
sults showed a reduction in phosphorus (P) fixation by the soil but
contributed to the absorption of this element by the sugarcane culture.
The compounds containing sugarcane bagasse ash did not contribute
to the increase in the levels of Si available in the soil.

Adsorbent material
A study undertaken in 2019 showed that silicon dioxide (SiO2)
nanoparticles were synthesized via sol-gel using sugarcane bagasse ash

as a source of silica. The results showed that this synthesis is a viable al-
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ternative method for obtaining silica xerogel (adsorbent material) using
ash with a high content of impurities (FALK et al., 2019).

The activated carbon extracted from the ash from sugarcane ba-
gasse at a temperature of 900°C was tested in the adsorption of lead
(Pb2 +). In the process, the heating was 10°C/min, with a residence
time of three hours. The lead adsorption test using sugarcane bagasse
ash was dependent on pH and dosage. The tests showed that the maxi-
mum efficiency of Pb2 + was 87.3% (SALIHI et al., 2016a).

Activated, unburned and steam-activated coal has its proper-
ties compared to commercial coal. The study was carried out on two
by-products of distilleries, namely, melanoidins and unburned carbon,
both extracted in the distillery process. According to the studies, the
two carbons are suitable for the adsorption of melanoidins with the
addition of 25% pyridine (KAUSHIK et al., 2017).

The results of using the sugarcane bagasse ash as an adsorbent
were very satisfactory, because the optimal removal efficiency was
achieved at a pH of 6.0. The ideal equilibrium time required for
zinc adsorption was found in 180 min. Given that the ash dosage
increased, the number of active sites for adsorption of zinc ions also
increased. The results showed an excellent efficiency in the removal
of zing, in the percentage of 89.7% obtained in a dose of 10 g/L of the
ash from the sugarcane bagasse. The ash was proved to be useful as
an adsorbent for the removal of metal ions from aqueous solutions
(SALIHI et al., 2016b).

The adsorption of melanoidins on both carbons (activated carbon
from sugarcane bagasse ash and commercial activated carbon). Both
carbons are suitable for the adsorption of melanoidins followed by
desorption by 25% pyridine solution. Yield of melanoidins obtained
from sugarcane ash was like that obtained with commercial activated
carbon. Therefore, ash residues from sugar cane factories can be an al-
ternative material to produce activated carbon with properties similar
to commercial activated carbon (KAUSHIK et al., 2017).

Final considerations

The disposal of ash from sugarcane bagasse is a problem that has been
gaining prominence in the world, considering it can cause, in addition to
other problems, the contamination of soils and water. Thus, scholars are try-
ing to find an efficient and legal way to dispose of this by-product.

Several applications can be considered to correctly dispose of this
by-product, some with a higher incidence of studies, and others with
only previous evaluations. Among the applications that are highly eval-
uated and in which this material has good efficiency, we can mention
the use in Portland cement composites, either as a partial replacement
for cement or fine aggregates, with the objective of increasing their me-
chanical resistance.

The second most studied topic was the replacement of clay in the
ceramic industry. In this application, there are many variables, as the
substitution of clay depends on some variables, from applied tempera-
tures to the granulometry of the material.
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Besides that, the sugarcane bagasse ash can be efficiently used to sta-
bilize soils with expansive properties or to correct some compounds in the
soil, as fertilizing in this case.

In short, the application of sugarcane ash is not an easy task. There are
many variables to be considered, such as the region, the cane specimen, the

time the bagasse burns, the granulometry of ash, the curing temperature,

the pozzolanic reaction with other substances, among others, which re-
quires the researcher to pay special attention to its application.

The results of this paper show that it is possible to apply ash in several
areas. On the other hand, there is no standard model to be followed. For
each application, a study related to the properties of the available ash should

be made.
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