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ABSTRACT

Biomass-energy processes are those used to obtain energy by the burning or biochemical converting of
any organic matter to be used for fuel. In recent years, some materials used as a source for biomass
energy have been obtained from the discards of agricultural activities. These include wood, sawdust,
corn, sugarcane and rice husks, among others. The processes for converting biomass into energy are
numerous. The most commonly used are combustion, co-firing process and pyrolysis. The residual end-
products obtained from these processes are highly dependent on the process conditions, especially
temperature, pressure and atmosphere. Char and ashes are the most commonly obtained materials. The
objective of this work is to analyse the feasibility of reusing these discards of biomass-energy processes,
as additions in clay mixtures for the production of ceramic materials for civil construction. For this
purpose, charcoal and ashes obtained from various biomasses have been characterized by SEM, EDS,
DTA-TGA, XRD, etc. These results, and the determination of the theoretical sintering temperatures by
the use of ternary diagrams, lead to the establishment of the feasibility of using these discards in current
ceramic industry processes. Charcoal and ashes from sunflower husks, brewery waste and pine sawdust
are the materials studied.
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1 INTRODUCTION

Biomass wastes are organic materials, originating from a natural or induced process, that can
be used as a source of energy, that is to say, organic waste materials that can be used as fuel.
Consequently, biomass is likely to be a successful resource because of its wide availability.
In the case of discards obtained from biomass processes, two types of waste can be
considered: firstly, those that remain as residual materials of the productive process itself,
such as pits or shells; and secondly, the ashes, which constitute the final residue obtained
from actually using these process residues as fuels to produce energy. The characteristics of
the ashes derived from the combustion of biomass have been reported in different studies [1],
[2].

The use of biomass ash in soil has enormous potential. Several authors have analysed the
effects on soils of biomass ashes from various materials [3]-[5].

Diverse biomasses for the production of activated carbon have been studied: beer lees
waste [6], plane tree seeds [7], biochar [8], peanut shells [9], olive stones and walnut shells
[10]. There are precedents for the use of biomass ashes in the construction industry, with
different biomass ashes being studied for use in cement-based building materials [11]-[15].
The incorporation of the biomass ashes of sugarcane bagasse and rice husk [16], wood ashes
[17] and olive pomace [18], in the manufacture of clay bricks has also been investigated.

The use of sunflower seed husks as a supplementary fuel in the iron ore sintering process
[19], for the removal of dye from the textile industry’s wastewater effluent [20], or for
obtaining bio-oils [21], has also been studied.
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Furthermore, the utilization of residual-biomass generated in distilleries and breweries for
the production of added-value products has been reviewed [22].

This paper analyses the feasibility of reusing charcoal and ashes from sunflower husks,
brewery waste and sawdust, as additions in clay mixtures for the production of ceramic
materials for civil construction.

2 MATERIALS AND METHODS
Sunflower husk ash (SHA), brewery waste char (BWC) and sawdust char (SC) were studied.
The ashes of sunflower husks come from an oil manufacturer, which burns the husks in a
boiler in the same company to take advantage of the energy that is produced. The companies
obtained the chars by burning the residual biomass in wood ovens in order to take advantage
of the caloric energy and to reduce the volume of waste that must be disposed of.

Those waste materials were characterized by optical microscopy (OM), scanning electron
microscopy (SEM) with X-ray electron dispersive analysis (EDS), X-ray diffraction (XRD),
differential thermal analysis and thermogravimetric analysis (DTA-TGA).

SEM analyses were performed with FEI Inspect S50. The X-ray diffraction patterns of the
residues were obtained with PANalytical X'Pert PRO equipment, with CuKa radiation (A =
1.5406 nm). The operating conditions were 40 kV and 40 mA. The TGA-DTA essays were
conducted on a Shimadzu DTA-50 analyser TGA-50 with YC-50 WSI.

3 RESULTS AND DISCUSSION
The microstructure of sunflower husk ash is shown in Fig. 1, where a typical structure of
agglomerates is observed. From the morphologic study of this material, the irregularity and
heterogeneity of the particles are observed, probably due to the presence of a variety of
phases.

In Fig. 2, the SEM images of pine sawdust char (a) and brewery waste char (b) are
presented. As can be seen, both chars present a porous surface. In the case of sawdust char,
the observed pores are those present in the original structure of the biomass, while the surface
pores observed in the brewery waste char are produced during the biomass-burning process.

The morphology and pore size distribution in biochar depends on the composition of the
feedstock materials and the temperature adopted during char formation [23].

Figure 1: Optical microscopy image of sunflower husk ash. Magnification: 50X.
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Figure 2:  Scanning electron microscopy images of (a) Sawdust char; (b) Brewery waste

char.

Table 1: EDS analysis of SHA (1), BWC (2) and SC (3).
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Figure 3: XRD pattern of SHA.
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Table 1 shows the semi-quantitative chemical analysis by EDS of the ash and chars
studied, expressed as a percentage of the elements. As can be seen, all the samples present
large quantities of carbon.

The XRD pattern of sunflower husk ash is presented in Fig. 3. It is observed that the
residue is formed of a complex mixture of compounds, including dolomite (CaMgCQOs),
periclase (MgO), calcium silicate (CaSiOs;), magnesium pyrophosphate (Mg,P,07),
potassium tetrasilicate (K»Si409) and hydroxyapatite (Cas(PO4);OH). Other authors [24]
have also reported XRD patterns of sunflower husk ashes with a great variety of phosphates,
carbonates and complex silicates.

The distinct sharp crystalline cellulosic peak (26=24°) that comes from the crystal
structure of cellulose was observed in the XRD spectra of brewery waste char. Regarding the
pine sawdust char, in addition to the crystalline cellulosic peak, other peaks were found,
attributed to the presence of CaCOj; and Fe;Os. This is shown in Fig. 4.

Investigation of the thermal behaviour of the materials was carried out by DTA-TGA.
Fig. 5 illustrates the SHA curves. An endothermic peak with loss of weight is observed at
125°C, followed by an exothermic peak at approximately 300°C. There, another exothermic
peak is detected between 370°C and 470°C. From 470°C to 800°C, the sample continues
losing weight, showing several very small peaks in the DTA curve. Some authors have
attributed similar behaviours of these ashes to the reactions of water loss, combustion of the
not burnt elements, and carbonate decomposition [25].
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Figure 4: XRD pattern of SC.
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Figure 6: DTA-TGA of BWC.
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Due to the characteristics of the process, from which this residual material originates, and
to the macroscopic observations, it is probable that the waste still contains material which
has not been burnt. A curve with very similar peaks in DTA-TGA has been reported for the
changes with temperature of mixtures with high proportions of calcium phosphates into
hydroxyapatite structure [26].

The DTA-TGA profile corresponding to the brewery waste char is shown in Fig. 6. The
analysis of the TGA curve determined that, at 25°C, the initial weight of the sample is 14.43
mg. As the temperature increases, the TGA curve starts to decrease. The first weight decrease
is observed until 97°C, with weight dropping to 13.27 mg. This represents a weight loss of
8% from the initial weight and can be assigned to loss of water and adsorbed gases. Between
330°C and 660°C, the most important weight loss is produced, equivalent to 11.8 mg, which
represents 81.8% of the sample’s initial weight. This behaviour can be correlated to the
obtained DTA curve, which also appears in the figure. Exothermic reactions are observed in
a wide range of temperatures, with several peaks between 500°C and 570°C.

Since lignin, cellulose and hemicellulose are intimately related in the whole structure, the
thermal decomposition of each one cannot be analysed individually. However, it should be
expected that lignin decomposition will occur at the highest temperature, while the
hemicellulose degradation takes place at the lowest temperature. Taking these into account,
it could be considered that the first two peaks are associated with cellulose and hemicellulose
decomposition and the last one with lignin degradation. Pine sawdust char presents similar
thermal behaviour to that of brewery waste char.

It is important to note that the reactions suffered by the residues during heating occur
gradually as the temperature increases. Therefore, they can be used as aggregates in clay
mixtures using the thermal programs habitually used in the ceramic industry, without
structural problems in the brick.

To analyse the feasibility of reutilizing these residues in ceramic materials, the majority
of oxides of commercial clay and those of the residue were taken to define the ternary
diagram, from which to obtain a probable sintering temperature. For the SHA case, the SiO»-
AlO3-MgO diagram was taken, as shown in Fig. 7(a).

Figure 7: Ternary diagrams used to determine the theoretical sintering temperatures for
mixtures of clay with: (a) SHA; (b) BWC and SC.
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Once the mixtures are located in the diagram (marked in green), it can be seen that the
compositions with up to 30% of SHA are, in the compatibility diagram, defined by
silica-cordierite-protoenstalite, where the temperature of the first liquid formation is
approximately 1355°C. Therefore, the probable sintering temperature would be 1015°C,
approximately. On the other hand, the mixtures with 40% and 50% of SHA added are in the
cordierite-protoenstalite-forsterite compatibility triangle, whose temperature of first liquid
formation would be 1365°C, and the probable sintering temperature is 1025°C.

For the case of brewery waste char and pine sawdust char, the SiO,-Al,03-FeO.Fe,;03
diagram was taken to determine the sintering temperature of mixtures with up to 50% of
residue added. In both cases, the temperature of first liquid formation is 1400°C, and the
probable sintering temperature would be 1050°C. Fig. 7(b) presents the ternary diagram used.
The zone marked in blue corresponds to SC and the red to BWC.

The theoretical sintering temperatures calculated for clay-residue mixtures with up to 50%
of added residue are in the range of those utilized in the ceramic industry (950°C—-1050°C).

4 CONCLUSION
The feasibility of reusing char and ashes from sunflower husks, brewery waste and pine
sawdust as aggregates in clay mixtures for the production of ceramic materials for civil
construction was analysed using different techniques.

The theoretical sintering temperatures calculated for clay-residue mixtures with up to 50%
of residue are in the range of those utilized in the ceramic industry. The reactions that occur
during the heating of the samples appear in a gradual way, so the incorporation of SHA, BWC
or SC in a clayey matrix would not affect the structure of the brick.

Therefore, it is concluded that these wastes can be used as raw material for the production
of ceramic products in the construction industry.
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