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ABSTRACT
Ceramic porcelain floor and wall tiles have the highest added value in the market due to 
their excellent technical characteristics. To achieve the latter, tile manufacturers rely on the 
use of fluxing materials, feldspar currently being the most widely used. This work describes 
the studies carried out on the beneficiation of coffee husk ashes to produce alternative 
fluxing materials. To this aim, two different routes were used to remove the organic matter 
present in the ashes, namely calcination (2h at 550 °C) and oxidation with H2O2. The 
resulting materials were characterized, added to a typical tile formulation, pressed and fired 
simulating industrial manufacture (25 °C/min up to 1200 °C, for 8 min). The resulting 
products were evaluated for the usual technological properties. The results showed that 
both beneficiation routes are adequate, result in similar compositions and could effectively 
replace feldspars as fluxing agent. The fluxing effect of 5 wt.% additions is evident but the 
benefits of calcined ash addition, in terms of water absorption (< 2%) and flexural strength 
(~45 MPa), can be extended up to 10 wt.% additions.
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INTRODUCTION
Porcelain floor and wall tiles present excellent technical characteristics achieved through stringent 
control of the entire ceramic processing. Two important changes in the ceramic tile industry sustained 
the evolution since the early days in the 1980s till the present day. The first was the replacement of 
traditional tunnel kilns by modern roller kilns, enabling the manufacture of large tile formats, and the 
second and most significant was the introduction of polishing and decoration, which transformed 
porcelain tiles into a modern and versatile material.
To produce porcelain tiles, fluxing agents are used to promote liquid phase formation during firing 
[1,2]. At present, feldspar is the main fluxing material used, contents ranging from 35 to 50%. 
Feldspar costs significantly contribute to the final product price. The search for materials with fluxing 
characteristics that might help reducing feldspar consumption has highlighted the potential of many 
industrial wastes, agricultural wastes among them [2-6].
Work carried out with coffee husk ashes in natura [7] brought to evidence that they can 
advantageously replace feldspars in the role of fluxing material, requiring no significant changes in 
processing parameters. Coffee husks are the principal waste generated during coffee’s beneficiation 
process (1 kg of husk is obtained per kg of beneficiated coffee). Farmers frequently burn the husks 
to dry the fruit and the ashes produced are randomly discarded of, often covertly, at roadsides and 
riverbanks. However, after calcination, coffee husk ash has high contents of K2O and, to a lesser 
extent, CaO and MgO. Together, these alkali and alkaline earth oxides account for almost 95 % of 
the calcined material, which give the ashes fluxing characteristics. Their use in this capacity has the 
potential to reduce not only natural ceramic raw material consumption, but also production and landfill 
costs, as well as waste disposal area requirements.
The work of Acchar et al. [7] also highlighted that the organic matter naturally present in the ashes 
might be the major constraint to their use, as its burnout gives rise to undesired porosity and 
counteracts the densification process. This work evaluates two different beneficiation routes for the 
coffee husk ash and the effect of the corresponding products on the properties of typical porcelain 



tile formulations, as alternative to feldspar. Such application would simultaneously ameliorate the 
environmental impact of this abundant waste covert disposal.

EXPERIMENTAL
Coffee husk ashes (~10 kg) were collected from ash dumps at a coffee producing facility (Eunápolis, 
Bahia, Brazil), dried, deagglomerated and sieved through 2 mm, to remove gross impurities. After 
this initial cleaning, the ashes were dry-ground to below 75 µm and immersed in water (1:3 weight 
ratio, 5 min stirring, 3 h sedimentation) to wash away carbonaceous matter and soluble salts. The 
overlaying solution and the surface layer of the sediment were removed and the sediment was 
washed again as before. The washing process was repeated three times for each ash sample. 
Cleaned ashes (R0) were dried and then subjected to two alternative beneficiation routes to remove 
the organic matter present. In route 1 (R1), small portions of ashes were hand mixed with H2O2 in a 
1:2 weight ratio. In route 2 (R2) the ashes were calcined for 2h at 550 °C. The weight of dry solids 
was recorded before and after the treatment and the latter were characterized in terms of chemical 
composition by X-ray fluorescence (XRF).
To compare the fluxing effect of the resulting products, each was added to a typical porcelain tile 
formulation exempt of feldspar (44.92 % clay, 47.83 % kaolin and 7.25 % quartz) in 0, 5, 10 and 15 
wt.% (10 formulations). After homogenization, the mixtures were uniaxially pressed into 60 x 20 x ~5 
mm3 test-pieces using a steel die (three test-pieces each). The test-pieces were dried, fired at 1200 
°C for 8 min (25 °C/min heating rate, furnace cooling), and characterized in terms of bulk density 
(BD), linear firing shrinkage (LFS), apparent porosity (AP), water absorption (WA) and flexural 
strength (MoR), as specified by the Brazilian Standard NBR-13818 (equivalent to ISO 10545 or EN 
99 and EN 100).

RESULTS AND DISCUSSION
Table 1 shows the chemical composition (XRF, expressed as oxides) of the ashes before (R0) and 
after each of the beneficiation treatments (R1 and R2). No significant differences can be detected 
between results of any two conditions, suggesting that only removal of organic matter has occurred  
(major organic matter elements C, H, O and N are not detected by XRF). However, there is a large 
difference between the weight losses resulting in the two treatments, suggesting that the H2O2

treatment is less efficient.

Table 1. Ashes chemical composition (XRF, expressed as oxides), before and after each of the 
beneficiation treatments and corresponding weight loss.

Oxides [wt.%] Cleaned ash (R0) H2O2 treated ash (R1) Calcined ash (R2)
MgO 13.9 14.7 14.5

Al2O3 4.65 5.01 4.90

SiO2 14.9 15.6 15.2

P2O5 10.6 10.8 10.8

SO3 0.314 0.190 0.305

Cl 0.130 0.108 0.136

K2O 13.1 11.5 12.9

CaO 39.5 39.3 38.6

TiO2 0.305 0.319 0.289

MnO 0.166 0.162 0.161

Fe2O3 1.93 1.87 1.79

SrO 0.281 0.275 0.270
Treatment weight loss (%) – 2.70 9.82

Fig. 1 gathers the results obtained for the technological properties of the ceramic test-pieces 
prepared without any fluxing material and with the ashes in the three conditions (R0, R1 and R2). 
The first point to note is that (Fig.1-a) dry density is hardly affected by the use of different powders. 



Fired density and firing shrinkage closely follow each other and the fluxing effect of the ashes is 
evident. However, additions above 5 wt.% can be harmful, particular for R0 and R1.

Figure 1. Technological properties of fired compositions as function of added ash type and content. 
(a) bulk density (dried and fired) and firing shrinkage; (b) apparent porosity, water absorption and 
flexural strength.

Fig. 1-b shows that higher additions do not bring benefits to water absorption or porosity and can 
even be detrimental to flexural strength in the case of R0 and R1. However, the beneficial effect of 
R2 is extended to 10 wt.% additions (< 2% water absorption and ~45 MPa flexural strength).

CONCLUSIONS
The organic matter naturally present in coffee husk ashes might be the major constraint to their use 
as flux material in the ceramic industry, as its burnout gives rise to undesired porosity and counteracts 
the densification process. In this work two different beneficiation routes for such ashes were 
evaluated, namely H2O2 oxidation and low temperature calcination. After the treatments, no 
significant differences could be observed in the chemical compositions, suggesting that only organic 
matter was effectively removed. However, a large difference was observed between the weight 
losses occurring in the two treatments, meaning that the H2O2 treatment was less efficient.
The fluxing effect of 5 wt.% additions is evident in all cases, but the benefits of addition of the calcined 
ash R2, in terms of water absorption (< 2%) and flexural strength (~45 MPa), can be extended up to 
10 wt.% additions.
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