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The main aim of this paper was to evaluate ceramic products containing a percentage of ash
from sheep wool waste through drying linear shrinkage from a small brickyard in Bagé — RS. The
ash percentages used in the formulation were 0, 5, 10, 20 and 30%. Raw materials were analyzed by
Energy Dispersive X —ray Fluorescence (XRF/EDX). The methods used to shape the ceramic products
were vacuum extrusion and pressing. After shaping, the ceramic products were dried in laboratory
conditions with an average temperature of 21°C for 3 weeks and later in an oven at 110°C for 48 h.
The drying linear shrinkage test was performed according to the specifications of standard C-021/95,
and its average results for all formulations were 8.2% and 0.7%, for the extruded and pressed products,
respectively. The results of drying linear shrinkage were higher for the extruded products than for the
pressed ones, showing that the addition of the ash from the sheep wool waste in the clay decreased
the drying linear shrinkage in the extruded ceramic products.
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1. Introduction

In ceramic industries, products obtained from clay
can be shaped using pressing or extrusion methods. The
pressing method uses low humidity index (below 5%) in
order to shape ceramic products'. On the other hand, vacuum
extrusion uses the humidity index for conformation between
18 and 25% in mass?>.

Industrial waste may be incorporated into clay to produce
ceramic materials in order to reduce plasticity and decrease
the degree of compaction of the loamy mass. As a result,
this possibility favors the drying stage of the products since
the added residue helps the water path from the inside to the
surface of the ceramic materials®.

There are a variety of materials that may be incremented
into clay to produce ceramic products. Plenty of researchers
have been using residue in the formulation of construction
materials, such as bricks*’, tiles, and ceramic blocks®’.
However, there are no prior studies with sheep wool ash in
the formulation of ceramic products to prove its application.

The Campanha Meridional micro-region of Rio Grande do
Sul state, which includes cities such as Dom Pedrito and Bagé,
has the largest flock of sheep in Brazil. The animals are raised
mainly for wool production, and this industry is a well-recognized
economic activity in the textile industry of the region®’.

In the textile industry, the wool processing stage generates
high amounts of waste, which may contain dirt, sand, insects,
fiber, organic matter and manure'.

* e-mail: cristiano.unipampa@gmail.com

Thereby, the incorporation of shape wool in the production
of ceramic blocks is an alternative form of recycling!!.
This incorporation is beneficial for the environment and
consequently the entire productive chain'?.

Nevertheless, adding residual material in the clay
modifies the drying process or drying linear shrinkage of
the ceramic products. Therefore, this stage must be well
controlled in order to avoid fissures and cracks in the final
product!*17,

Since there is no information of the utilization of sheep
wool ash in civil engineering, the aim of this paper was to
evaluate, the addition of 0, 5, 10, 20 and 30 % of this residue
in ceramic products through drying linear shrinkage process.

2. Materials and Methods

Approximately 300 Kg of clay was collected from a
brickyard and 120 kg of sheep wool residue was obtained
from a textile factory. Both places are located in the city of
Bagé, state of Rio Grande do Sul, Brazil.

The experimental procedure was accomplished following
three stages. Initially, clay and sheep wool residue were
previously treated. Secondly, the formulation was prepared
and the product shaped by vacuum extrusion and pressing.
Finally, the ceramic products were dried.

In the pre-treatment stage, the clay was reduced as observed
in Figure 1(A) and dried at 15°C for three weeks. Afterwards,
the clay was grinded in a hammer mill, with hardness of 4-5
MOHS and power of 5.5 KW, followed by homogenization.
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Figure 1. Clay pre-treatment (A), residue burning (B), vacuum extruder (C), steel mold used in pressing (D), metering of extruded (E)

and pressed samples (F).

In addition, the clay that was shaped by pressing was sieved
through a 100-mesh sieve (Solotest,Brazil).

The sheep wool ash (CL) was prepared by burning the
residue, which revealed some impurities including dirt, sand,
insects, vegetal matter and manure. The burning process
(Figure 1(B)) was performed at room temperature at the
Federal University of Pampa (Unipampa). Several firings
were carried out in order to break the fibers. Afterwards,
the ash was sieved in a sequence of sieves up to 80 mesh
(0.177mm) sieve (Solotest) using a metallic agitator with a
velocity of 9 rpm for 8 min. Only the fractions retained in
the bottom of the 80-mesh sieve were selected to be added
to the formulations.

The clay and sheep wool ash were submitted to the
chemical test of Energy Dispersive X-ray Fluorescence
(XRF/EDX). For analysis, the samples were sent to the
Laboratory of Ceramic Materials (LACER) located at
the Federal University of Rio Grande do Sul (UFRGS).
Percentages (in mass) of clay and sheep wool ash used in
the formulations are presented in Table 1.

In order to shape the products by vacuum extrusion,
humidity was determined according to plasticity limits
18, The mixtures were watered until humidity reached a
percentage of 28 to 35 % for the extruded and 8 to 13 %
for the pressed samples. After moistened, the formulations
were kept inside the plastic bags for 24 h in order to achieve
regular water distribution.

The molding was done using the vacuum extruder (Vérdes,
Brazil) with a volumetric capacity of 20 m*h in the Civil
Engineering Laboratory at the rural campus of the University

Table 1. Percentages of each formulation.

Formulation Clay(%) CL (%)
A0 100 0
CL5 95 5
CL10 90 10
CL20 80 20
CL30 70 30

of Campanha region Twenty-five samples sized 10x 3 x 3 cm
with a prism format and rectangular base were used. Moreover,
for the pressing method, a motorized hydraulic press NOWAK,
Brazil) was used. The compaction pressure was set at 5 ton.
although the press had a capacity of 60 ton. In this method, the
steel mold method was used, which is presented in Figure 1(D),
in order to obtain the 25 pressed samples of each formulation
with dimensions of 6.5 x 2.5 x 0.5 cm.

In the dying stage, the extruded products were dried at
approximately 15°C for 3 weeks. Afterwards, the samples
were dried in an oven (SOLAB, Brazil, model SL10/150)
for 48 h with gradual temperature increase from 40+5°C to
110£5°C. For the pressed specimens, drying occurred firstly
at 15°C for 24 h, and then in an oven for 24 h at 110+5°C.

The drying parameters of the specimens were monitored
and determined according to the standard C21/95, which refers
to characterization through length metering of the samples
before and after drying. The stages clay pre-treatment, residue
burning, molding of products by extrusion and by pressing,
as well as drying of extruded and pressed samples are shown
in Figure 1 (A), (B), (C), (D), (E) and (F), respectively.
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3. Results and Discution
The results obtained in the Energy Dispersive X-ray
Fluorescence test for both clay and sheep wool ash are

presented in Table 2.

Table 2. Results obtained in the chemical analysis of the clay and ash.

Clay Sheep wool ash

Compounds

(% in mass) (% in mass)
Sio, 57.54 1.88
AlLO, 12.15 0.31
Fe,O, 11.77 0.13
K,0 2.67 0.73
MgO 1.12 0.09
CaO 1.11 0.35
TiO, 0.81 -
Na,0 0.24 -
PO, 0.09 0.06
70, 0.07 -
SO, 0.07 3.24
MnO 0.04 -
SrO 0.03 -
Rb,0 0.03 -
ZnO 0.03 0.02
Y,0, - -
C 12.21 93.20

The compounds with the largest quantity of clay are
Si0,, AlL,O, and Fe,O,, which resulted in 81.46% of clay
composition as demonstrated in Table 2. This composition is
in accordance with the characteristic percentage of Kaolinite
mineral clay ".

The compounds K, O and Na O (alkaline oxides) have a
total percentage 0f 2.91% in clay composition. % reported
that an elevated quantity of these compounds may cause
internal stress and product crack. Moreover, the sheep wool
ash is formed by carbon (C) with a percentage of 93.2%. It is
also important to highlight that the quantity SO, found in the
ash reaches a value of 3.24%, which may cause efflorescence
in the final product.

The average drying linear shrinkage and its standard
deviation for each formulation and method used for the
sample molding can be seen in Table 3.

The average values of drying linear shrinkage varied
from 6.70+0.25% to 8.68+0.23% for the extruded specimens
and from 0.2340.37% to 1.27+0.47% for the pressed ones.
These results and their standard deviation are analogue to
the values informed in the literature 2!,

Notably, it is possible to observe that the extruded sample
CL30 (6.70+0.25%) presented the lowest shrinkage average
when compared with the different formulations as observed in
Table 2. This is a result of the high percentage of sheep wool
ash in its formulation. Therefore, it is possible to confirm that
the high residue ash concentration in the extruded specimen
decreases the linear shrinkage for the formulation (CL30)
when compared to the other formulations, including (A0).

In contrast, for the samples molded by pressing, the
lowest shrinkage average was obtained for the formulation
A0 (0.23+0.37%), which means that the extruded product
presents an inverse behavior for drying linear shrinkage
when compared to the pressed products.

According to the literature, when the drying linear
shrinkage value is superior to 6% for extruded products, it
means that the specimens may present volumetric variation
during the drying period *'. Some authors who analyzed the
drying linear shrinkage of ceramic products with residue
addition (in this case, rice husk ash) found values of 6.5%
and 0.7% for extrusion and pressing methods, respectively.
Therefore, the values obtained in this study are consistent to the

expected for the extruded and pressed ceramic products 2.

4. Conclusion

The physical plasticity index obtained for the formulations
revealed that all results are in agreement with the values in
the literature. The mass formulations were classified with
high plasticity, in which the mass for extrusion was moistened
from 28% to 35%, and 10% for the pressing mass.

X-ray fluorescence analysis showed significant presence
of SiO,, Al,O, and Fe,O,, which confirms Kaolinite
characteristics of clay. For the ash, results indicated that C
is the largest element of its composition.

Through the drying linear shrinkage test, it was possible
to observe that the increase in ash percentage generated an
analogue result for formulations A0, CL5, CL10 and CL20.
However a decrease in linear shrinkage values was observed
in the extruded CL30 samples. This means that, the utilization
of higher percentages of ash in the formulations is possible
for extrusion modeling. Whereas, it was observed that as

Table 3. Results of drying linear shrinkage for the extruded and pressed products.

Formulations
Products
A0 CL5 CL10 CL20 CL30
Extruded 8.59+0.19 8.54+0.28 8.49+0.28 8.68+0.23 6.70+0.25
Pressed 0.23+0.37 0.55+0.43 0.64+0.26 0.90+0.78 1.27+0.47




140 Ferreira et al.

the ash percentage increases, the linear shrinkage values
also increase for the pressed samples, different from the
extrusion method.
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