FibEnTech21
1st International FibEnTech Congress (FibEnTech21) New opportunities for fibrous
KnE Materials Science materials in the ecological transition
Volume 2022

Research article

Chemical and Mineralogical Characterization
of Biomass Ashes for Soil Reinforcement and
Liner Material
André Studart1,2,3 *, Leonardo Marchiori1,2,3 , Maria Vitoria Morais1,2,3 , António
Albuquerque1,2,3 , Pedro Gabriel Almeida1,3 , and Victor Cavaleiro1,3
1

Department of Civil Engineering and Architecture, University of Beira Interior, Calçada Fonte do
Lameiro, 6201-001, Covilhã, Portugal
2
FibEnTech, University of Beira Interior, Calçada Fonte do Lameiro, 6201-001, Covilhã, Portugal
3
GeoBioTec, University of Beira Interior, Calçada Fonte do Lameiro, 6201-001, Covilhã, Portugal

Corresponding Author: André
Studart; email:
andre.studart@ubi.pt
Published 10 August 2022
Publishing services provided by
Knowledge E
André Studart et al. This
article is distributed under the

Abstract.
Mineralogical and chemical evaluations are necessary to investigate the background
and origins of materials. In terms of residues commonly produced around the world,
ashes biomass stands out for its high calorific capacity and use for energy production
at thermoelectrical facilities. Given current sustainability issues and new demands
from society, ashes and soil from pine biomass in the Castelo Branco region were
investigated to research possible anthropogenic contaminations, heavy metals among
their composition, and their physic-chemical characteristics. These properties can be
used to define possible valorisation methods through residue introduction into the soil
for its reinforcement and liner application. The results indicated that ashes biomass
could help achieve these objectives and could be introduced into the soil, due to its
enrichment with pozzolanic minerals and fine granulometry, while having a low-density,
which could reduce final weight; however it was considerably different from the original
biomass, and contained anthropogenic contaminations and high concentrations of
heavy metals.
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1. Introduction
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Soils and residues throughout the world can be classified in varied forms, characteristics, and specifications. Based on these properties, investigating their mineralogy can
provide background origins and possible anthropogenic contaminations, providing a
deeper investigation surrounding the material’s origin and its properties. Therefore,
fully understanding the background of soils and residues can provide the right tools to
understand how to integrate them and ameliorate specific properties, possibly making
them successfully appliable to larger applications, such as soft soil reinforcement and
liners materials while addressing sustainability issues. Some of these residues, such
as biomass ashes, are rich in organic matter gathered from the decomposition of
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vegetables or animals, hence making it feasible for use at thermoelectrical facilities
for energy production due to their high calorific value. Although feasible for this activity,
these facilities can alter biomass’ properties as they suffer burns with temperatures up
to 1400ºC while being also co-fired with coal [1], which is a highly calorific material that is
contaminant itself. Therefore, it is important to investigate anthropogenic contamination
on these residues, as they can present contamination properties, which are necessary
to be evaluated through X-Ray diffraction (XRD) and X-Ray fluorescence (XRF) tests.
Thus, this paper aims to investigate the chemical and mineralogical backgrounds of
a soil sample and biomass ashes, in order to research their background and origins for
a possible integration and stabilization of this residue within the analysed soil for soils
reinforcement and liners materials.

2. Methods
The biomass ashes (BA) were collected at the industrial park of VALAMB - Grupo Razão,
located in Castelo Branco (Portugal). The soil for reinforcement was collected at Castelo
Branco (Portugal). Both materials were characterized to evaluate their chemical and
mineralogical characteristics, as follows: optimum dry density (ρ𝑑,𝑜𝑝𝑡) and water content,
according to standards [2–4]; energy-dispersive X-ray spectroscopy (EDS) for elemental
analysis determination, according to equipment S-2700 Hitachi; and X-ray diffraction
(XRD) for mineralogical characterization, according to equipment Phillips Analytical XRay B.V.

3. Results and discussion
EDS results are presented in Table 1, while Figure 1 and Figure 2 show XRD results
for soil and BA, respectively. Both figures use relative intensity in the y-axis in order to
obtain the peaks of the minerals.
Table 1: EDS elemental analysis of soil and BA
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Concentration
levels

Soil

BA

Oxides

Soil

BA

Na2 O (%)

0.58

1.22

K2 O (%)

4.45

7.08

MgO (%)

2.28

4.24

SO3 (%)

-

1.84

Al2 O3 (%)

27.37

17.82

Fe2 O3 (%)

8.30

5.80

SiO2 (%)

56.09

44.87

TiO2 (%)

0.93

0.66

CaO (%)

-

14.80

Cd (ppm)

5.07

As (ppm)

-

33.87

Cu (ppm)

63.43
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The analysed soil is characterized by having a silty sand granulometry with a 10.5%
clay portion, ρ𝑑,𝑜𝑝𝑡 of 1.92 g/cm³ related to an optimum water content of 19.40%, which
were obtained through granulometry and proctor standards. Its mineralogical composition is characterized by quartz, muscovite, and kaolinite clay, which are characteristic
of the Castelo Branco region, where the soil was collected. This region is characterized
by an erosive geological episode that flattened a large portion of this area, consisting
of K-feldspars, granites, and schists formations [5]. Non-eroded quartzites crests and
granites mineral can be found, providing kaolinite clay matrix, which is also evidenced
by the sample’s whitish colour.

Figure 1: XRD mineralogical characterization of the soil.

The analysed biomass ashes have a finer silty granulometry, proving to be mainly a
silty material associated with a ρ𝑑,𝑜𝑝𝑡 of 1.12 g/cm³ related to an optimum water content
of 25.80%. In addition, it has exposed a heterogenic and highly crystalline composition,
which is the result of physical and chemical processes that occur during its combustion,
altering BA’s structure due to high temperatures - ranging from 500ºC up to more
than 1000ºC - that end up removing most of the organic matter [6]. Quartz, muscovite,
orthoclase, and calcite were detected during XRD tests. Quartz is due to the silicious
sand used within the biomass combustion process while also typically found, along with
the other minerals, in the analysed region. Although the soil provides different minerals
to the local vegetation, biomass will also present different composition depending on
DOI 10.18502/kms.v7i1.11625
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Figure 2: XRD mineralogical characterization of the BA.

the plant species and within different portions of the plant – branches, leaves, or stems
– as each one store and concentrate minerals on different levels through different
processes [7].
Thus, the used biomass in thermoelectrical facilities is partially understood by the soil
and type of vegetation, as it suffers physical-chemical alterations during the combustion
due to high temperatures – up to 1400ºC - and to the type of used char, which interfere
in biomass ashes’ composition, deeply altering the original biomass’ composition and
structure [1]. In addition, during combustion, minerals can suffer enrichment due to
thermal-conversions, happening mostly on carbonated minerals [8,9], such as Calcite’s
(CCaO3 ) disintegration to CaO and CO2 , explaining some high minerals’ concentration
that is not easily explained by the local soil’ chemical composition. Calcium, for example,
would be an example of the retaining capacity through oxalate calcium precipitation
that plants have, being this element stored in their different portions (branches, trunks,
and stems) on different levels, as this is a major element for their development, besides
animals’ decomposition and bones fragmentation that could also provide calcium concentration for plants [10,11].
When analysing the region where it was first collected, pines are among the most
common species in this region, raising suspicion about the biomass’ origins. Therefore,
the analysed biomass ash is considered here as an aluminosilicate associated with the
DOI 10.18502/kms.v7i1.11625
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original biomass’ vegetation – Pines - and to the used char during its combustion. Pines
tend to contain high SiO2 values, and a considerable amount of calcium and aluminium
along with accessory elements. In addition, although the exact used char type during
the combustion is not known, [12] has shown chars’ varied composition, which affects
BA composition. All these natural and artificial processes will completely change the
final product – BA – compared to the original biomass. As [13,14] have exposed, the
belief that biomass itself is sustainable, as it returns to the atmosphere the already used
CO2 value during its incineration, is not fully correct due to these contamination and
alteration processes that occur in such facilities, which could lead to a final product that
is highly contaminant, as fly ashes are produced in high temperatures up to 1600ºC,
due to inherent ash particles that retain heavy metals [1,14]. These heavy metals are
mostly present due to inherent geological processes that occur during the formation
of the above-mentioned minerals. Heavy metals presented in Table 1 on the analysed
biomass ashes have shown the materials’ susceptibility for contaminating properties, as
its Arsenic (As) concentration would not pass Poland’s and US New Jersey regulatory
limits [15,16] while Cd (Cadmium) concentration would not pass UE’s regulatory limits
[17]. Thus, this states their contamination potential, although important to reiterate that
these values correspond to the full biomass and its introduction in lower percentages
into the soil could imply concentrations low enough to attend countries’ directives for
regulatory limits.

4. Conclusions
Biomass ashes’ high variability is a challenge as it is difficult to trace exact patterns due
to varied anthropogenic and natural conditions that alter the original biomass, producing
new material at the end of the biomass combustion. Apart from this, their granulometry
indicates possible soils’ void-filling property while its chemical composition shows possible pozzolanic activity due to high Si, Al, and Fe content. Therefore, their background
research has indicated anthropogenic contamination plays considerable role in altering
biomass’ properties and characteristics while also interesting possibilities for soft soils
reinforcement due to the above-mentioned properties, although necessary to keep
evaluating their contamination potential with leachability tests. Further geomechanical
studies are necessary to confirm these characteristics.
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