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Abstract: Cow dung biomass was collected from January 2019 to June 2019. The tests were carried
out on the samples of ground biofuel with a fraction below 0.42 mm, subjected to incineration. The
chemical composition of ashes and characteristic fusion temperatures were determined. Cow dung
biomass ashes were found to contain chlorine, which can contribute to corrosive processes in boilers.
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1. Introduction

Biomass is the most widespread and used renewable energy source characterized by the highest
energy potential. It has the largest technical potential as a biofuel, which is estimated at 684.6 P] a
year, of which 407.5 PJ—is the contribution of solid biofuels. Their reserves include surplus biomass
obtained in agriculture (195 PJ), forestry (101 PJ), fruit farming (57.6 PJ), and wood waste (53.9 PJ) [1].

Burning biomass causes the formation of solid by-products of combustion. It is estimated that
around 480 million tons of ash from the combustion and co-firing of biomass can be generated
worldwide every year, assuming that the amount of biomass burned is seven billion tons/year [2].

Their physicochemical properties have an impact on the use of waste from biomass combustion,
which in turn depends primarily on the type of biomass and the combustion technology. All these
factors mean that the waste generated after biomass combustion has very diverse and variable
properties. A significant part of this waste is fly ash, whose variable chemical and phase compositions
make it difficult to manage [3].

Experimental studies of the chemical composition of ashes and characteristic fusion
temperatures of ashes from the combustion of cow dung biomass were determined. The tests were
carried out in accordance with the Polish standard PN-EN 196-2 and PN-G-04535.

2. Materials and Methods

The cow dung solid biomass for own research was received from a private farm situated in the
Podlasie Voivodeship. The analysis of biomass was carried out after drying the raw material in a
laboratory dryer at 40 °C. After drying, the sample was equilibrated with ambient humidity and
ground to analytical grain. To determine the chemical composition of the ash, the sample was burned
at a temperature of 600 °C in a muffle furnace. Then the chemical composition was determined using
a WDXRF Wavelength Dispersive X-Ray Fluorescence—Axios mAX—4.0 kW spectrometer from

Proceedings 2020, 51, 14; doi:10.3390/proceedings2020051014 www.mdpi.com/journal/proceedings



Proceedings 2020, 51, 14 2 of 3

Panalytical. Evaluation of the characteristic fusion temperatures of ashes under oxidizing atmosphere
conditions was conducted by means of a high-temperature microscope.

3. Results and Conclusions

Waste obtained from the burning of biomass shows very diverse and variable properties. A
significant part of this waste is fly ash, which has variable chemical compositions that make it difficult
to manage [4].

Chemical composition of ashes from biomass combustion and co-combustion depends primarily
on the type of biomass [5]. These ashes can contain basic ingredients in quantities up to several dozen
percent [6]. The analyzed ashes showed various quantitative chemical compositions. Calcium
composition predominated in the ashes from biomass combustion of cow dung (Table 1). They also
contained a high content of silica, phosphorus, and potassium, which is characteristic of this type of
waste [7]. The high content of sulfur and chlorine in the ashes tested can affect the corrosion of heating
devices [8]. The chemical composition of cow dung biomass ash may change, depending on the
animal species, their age, diet, and quality of feed, as well as the condition of the animal (poor or
good condition).

Table 1. Parameters of the chemical composition of ashes from cow dung biomass.

Own Own Own Own Own Own

Chemical Research Research Research Research Research Research
Composition of Ash January February March April May June
2019 2019 2019 2019 2019 2019
Ashes (%) 12.49 8.90 9.25 10.53 8.75 13.90
Na (%) 2.57 3.05 1.02 0.96 3.10 1.50
Mg (%) 7.12 9.48 7.25 6.23 7.88 5.79
Al (%) 1.28 1.10 1.40 0.98 1.16 1.13
Si (%) 15.80 11.94 14.24 11.55 15.75 10.77
F (%) 16.92 19.20 18.82 19.04 16.43 17.74
S (%) 3.46 3.83 3.11 3.00 3.75 3.22
K (%) 7.47 7.99 9.22 6.30 6.37 3.59
Cl (%) 2.08 2.16 2.10 1.81 1.32 0.98
Ca (%) 41.01 32.62 28.69 32.88 29.06 39.33
Fe (%) 0.96 0.98 1.12 0.80 0.87 0.60
Rb (%) 0.04 0.06 0.00 0.04 0.04 0.04
Cu (%) 0.16 0.12 0.16 0.08 0.16 0.10
Zn (%) 0.53 0.48 0.52 0.34 0.53 0.24
Sr (%) 0.06 0.05 0.07 0.04 0.06 0.05
Mn (%) 0.57 0.72 0.72 0.55 0.57 0.37

The chemical and mineralogical composition of the ashes determines the values of the
characteristic fusion temperatures. High-melting oxides and elements increase these values, while
low-melting elements reduce them. The main high-melting components of fly ash are silicon and
aluminum compounds, while the low-melting components include alkali compounds, among others,
potassium, sodium, and organic compounds [9]. Ash from biomass is often liquid already at 800 °C
and melts at much lower temperatures than coal ash, which may be one of the causes of sintering and
agglomeration of ashes leading to defluidization of the fluidized bed [10]. The ash softening
temperature of cow dung is in the range from 1240 to 1360 °C, while the melting point is from 1260
to 1470 °C (Table 2). The majority of cow dung biomass ashes tested showed high resistance to high
temperatures.

In order to achieve a high energy effect, this solid biofuel should be dried, properly prepared,
and combusted in adapted boilers, under continuous laboratory control of the chemical composition
of the ash. Therefore, the basic parameters and physicochemical properties of cow dung biomass
ashes were determined, which at the further stage of research will require the application of
appropriate optimization procedures.
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Table 2. Parameters of characteristic fusion temperatures of ashes from cow dung biomass.

Own Own Own Own Own Own

Characteristic Fusion Research Research Research Research Research Research
Temperatures January February March April May June
2019 2019 2019 2019 2019 2019
sintering temperature (°C) 1060 1190 1040 1150 1190 1040
softening temperature (°C) 1360 1310 1250 1270 1240 1350
melting temperature (°C) 1410 1330 1260 1320 1260 1470
flow temperature (°C) 1440 1340 1270 1370 1270 1500

Author Contributions: A.S. and G.L. conceived and designed the experiments; M.M. performed the
experiments; A.S. and G.L. analyzed the data; A.S. and M.M. contributed reagents/materials/analysis tools; A.S.
and G.L. wrote the paper. All authors have read and agreed to the published version of the manuscript.

Acknowledgments: This study was supported by grant nr WZ/WB-115/2/2020 and nr DW/WBiIS/3/2018 from
the Ministry of Science and Higher Education of Poland.

Conflicts of Interest: The authors declare no conflict of interest.1

References

1.

10.

Jagustyn, B.; Batorek-Giesa, N.; Wilk, B. Ocena wlasciwosci biomasy wykorzystywanej do celow
energetycznych. Chemik 2011, 65, 557-563. Available online: http://yadda.icm.edu.pl/yadda/element/
bwmetal.element.baztech-article-BPP2-0012-00 07 (accessed on 14 February 2020).

Vassilev, S.V.; Vassileva, G.G.; Baxter, D. Trace element concentrations and associations in some biomass
ashes. Fuel 2014, 129, 292-313. Available online: https://www.sciencedirect.com/science/article/pii/
50016236114003226 (accessed on 14 February 2020).

Rajamma, R; Ball, R.; Tarelho, L.; Allen, G.; Labrincha, J.; Ferreira, V. Characterisation and use of biomass
fly ash in cement-based materials. ]. Hazard. Mater. 2009, 172, 1049-1060, doi:10.1016/j.jhazmat.2009.07.109.
Available online: https://www.researchgate.net/publication/26759433Characte-risation_and_use_of_biomass_
fly_ash_in_cement-based_materials (accessed on 5 May 2020).

Motka, J.; Lapczynska-Kordon, B. Wlasciwosci energetyczne wybranych gatunkow biomasy. Inz. Roln.
2011, 15, 141-147. Available online: http://yadda.icm.edu.pl/baztech/element/bwmetal.element.baztech-
article-BARO0-0063-0075 (accessed on 14 February 2020).

Xing, P.; Mason, P.E.; Chilton, S.; Lloyd, S.; Jones, ].M.; Williams, A.; Nimmo, W.; Pourkashanian, M. A
comparative assessment of biomass ash preparation methods using X-ray fluorescence and wet chemical
analysis. Fuel 2016, 182, 161-165. Available online: https://core.ac.uk/download/pdf/42626166.pdf (accessed
on 14 February 2020).

Kalembasa, D. Ilos¢ i sktad chemiczny popiotu z biomasy roslin energetycznych. Acta Agrophysica 2006, 7,
909-914. Available online: http://www.old.acta-agrophysica.org/pl/polrocznik.html?stan=detail&paper=703&
vol=7&numer=4 (accessed on 5 May 2020).

Parsamehr, M.; Nilsson, N. Heat Generation by Cow Dung Incineration in the North of Iran; Environmental
Engineering Department, Mid Sweden University: Ostersund, Sweden, 2013.

Rybak, W. Spalanie i Wspétspalanie Paliw Statych; Oficyna Wydawnicza Politechniki Wroctawskiej: Wroctaw,
Polska, 2006.

Wisz, J.; Matwiejew, A. Biomasa-badania w laboratorium w aspekcie przydatnosci do energetycznego
spalania. Energetyka 2005, 9, 631-636. Available online: https://www.cire.pl/pokaz-pdf-%252Fpliki%?252
F2%252Fbiomasa_badania.pdf (accessed on 5 May 2020).

Koukouzas, N.; Wardb, C.R.; Papanikolaoua, D.; Li, Z.; Ketikidis, C. Quantitative evaluation of minerals in
fly ashes of biomass, coal and biomass—coal mixture derived from circulating fluidised bed combustion
technology. J. Hazard. Mater. 2009, 169, 100-107. Available online: https://www.cabdirect.org/cabdirect/
abstract/20093213249 (accessed on 14 February 2020).

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ @ \ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



