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Abstract 

The objective of this work is to characterization of sugarcane bagasse ash waste aiming the use it in 
red ceramic industry. The characterization was done in terms of chemical composition, X-ray 
diffraction, particle size distribution, morphology, and plasticity. The results show that the cane 
bagasse ash waste is a non plastic material, which contains high content of silica and minor amounts 
of Al, Fe, Ca, Mg, and K oxides. Thus, the sugar cane bagasse ash waste presents high potential for 
application in the manufacture of ceramic products such as bricks, roofing tiles, and ceramic tiles.  

Introduction 

Brazil is currently the worldwide largest producer of sugar and alcohol from sugarcane. In 
general, the sugarcane bagasse is burned by factories to produce power. As a consequence, huge 
amounts of bottom ashes are produced [1]. On the other hand, this waste when made use of 
incorrect form it can generate problems of contamination of the environment.   

The use of industrial wastes in the civil construction has been increasing in recent years, for the 
production of mortars, ceramic blocks, bricks, roofing tiles, floor and wall tiles, concrete, panels, 
among others [2]. In particular, the red ceramic industry is an interesting technological alternative 
for recycling of these abundant wastes. The natural variability of the clay characteristics and the use 
of relatively simple techniques for the red ceramic manufacture facilitate the incorporation of 
pollutant wastes [2].  

This work has as objective to evaluate the characteristics of the sugarcane bagasse ash waste 
from the region of Campos dos Goytacazes-RJ.  

Materials and methods 

In this work was used a sugarcane bagasse ash waste produced in the sugar and alcohol industry 
from the region of Campos dos Goytacazes-RJ.  

The ash waste in form of powder was collected in local plant in the form in natura. It presents 
black color. Initially it was submitted the cleanness process with the objective to eliminate the 
coarse impurities undesirable as remaining portions of leves and bagasse not burnt. Then, the waste 
sample was sieved for the fraction < 42 mesh (355 µm ASTM) for the accomplishment of the 
characterization tests.  

X-ray powder diffraction analysis of the waste sample was done using monochromatic Cu-Kα 
radiation at a scanning speed of 1.5º (2θ) per minute, 2θ between 10 and 70º, in a conventional 
diffractometer (Shimadzu, XRD 7000). Crystalline phases were identified by comparing the 
intensities and positions of Bragg peaks with those listed in the JCPDS-ICDD cards. The chemical 
composition was determined using an energy-dispersive X-ray spectrometer (Shimadzu, EDX 700). 
The loss on ignition was determined at 1000 ºC for 2h. The morphology of the waste powder 
particles was examined by scanning electron microscopy/EDS (Shimadzu, SSX-550). Particle size 
analysis of the waste sample was determined by procedures according to NBR 7181 [3]. Plastic 
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properties were determined according to the NBR 6459 [4] and NBR 7180 [5] standardized 
procedures.  

Results and discussion 

 X-ray diffraction of the sugarcane bagasse ash waste is shown in Fig. 1. The following 
mineralogical phases were found in the waste sample: cristobalite, quartz, and mullite. The silica 
presence in the free-quartz form is related probably the contamination of the waste for soil particles.  
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Fig. 1 – XRD pattern for the waste sample: C – cristobalite, Q – quartz, and M - mullite. 

The results of chemical composition and loss on ignition of the waste sample are shown in Table 
1. The waste sample is constituted mainly of SiO2 with 54.90 wt. %, followed by Al2O3, K2O, 
Fe2O3, and CaO (minor amounts Ti, Mn, Zn, Zr, V, Sr, Pd oxides). The loss on ignition (0.5 wt. %) 
of the sugarcane bagasse ash waste is low. As compared with literature data [1], the sugarcane 
bagasse ash waste sample used in this work possesses less silica. This can be probably related to the 
differences in soil where the sugarcane was grown.  

Table 1 - Chemical composition of the waste sample (wt.%). 

SiO2 54.90 
Al 2O3 8.90 
Fe2O3 9.75 
CaO 11.19 
K2O 10.57 
SO3 1.93 
P2O5 1.15 
TiO5 1.06 
MnO 0.22 
ZnO 0.11 
ZrO2 0.10 
V2O5 0.06 
PdO 0.04 
SrO 0.02 
Loss on ignition 0.50 
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The morphological aspects of the bagasse ash waste powder particles are outlined in Fig. 2. The 
sugarcane bagasse ash powder consists of particles with different morphologies. It can be seen 
angular-shaped particles probably of cristobalite and/or quartz, and also long plates of bagasse not 
burnt. In addition, the wide particle size range can be observed. Line spectrum for the waste sample 
determined using EDS/SEM is shown in Fig. 3, where C, O, Fe, Mg, Al, Si, K, and Nb were 
detected. These results are consistent with the chemical composition data (Table 1).  

The particle size distribution curve of the waste sample is shown in Fig. 4. It can be been that the 
content of sand fraction (> 63 µm) in the sample is high (87.8 %), followed by 11.5 % silt (2 ≤ x < 
63 µm) and 0.7 % clay fraction (< 2 µm). This strongly indicates the presence of quartz/cristobalite.  

 

 
 

Fig. 2 - Morphology of the waste powder particles. 
 

 

 
 

Fig. 3 – EDS spectrum for the sugarcane bagasse ash waste.  
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Fig. 4 – Particle size distribution of the waste sample. 

 
 Experiments were done to determine the plastic properties of the waste sample. However, they 

had no success due the non-cohesive nature of this material. Thus, the sugarcane bagasse ash waste 
is a non-plastic material. It can acts as a reducer of plasticity in clayey formulations used in the red 
ceramic industry. 

Conclusions 

 The sugarcane bagasse ash waste characterization showed that it is a non-plastic material rich in 
SiO2 and minor amounts of Al, Fe, Ca, Mg, and K oxides. From a mineralogical point of view, the 
waste sample is basically constituted by quartz, cristobalite, and mullite. The waste sample also 
presented high content of the sand fraction. Thus, sugarcane bagasse ash waste can be used as an 
appropriate raw material resource to produce red ceramics for civil construction.  
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