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Abstract
Gypsum production generates wastes in the productive chain during the extraction of the clay cap on the
gypsum and in the products manufacturing. The objective of this study was to make possible the reuse
of two different types of wastes from the Polo Gesseiro of Araripe in red ceramics. 5 and 10% by mass of
gypsum waste was incorporated into the clay waste. The specimens were molded through uniaxial
pressing and then dried at 110 ºC for 24h, sintered at 850 ºC, 950 ºC and 1050 ºC for 2h. Linear
shrinkage, water absorption, apparent porosity, loss on ignition and �exural strength were evaluated in the
specimens. The results indicated that the best performance was obtained in sintered composites at 850
ºC. The formation of new phases in the sintered ceramic bodies was obtained by increasing the
temperature and adding the gypsum waste. The presence of crystalline calcium phases indicates that
reactions occurred between calcium sulfate and oxides of the material. The incorporation of gypsum
waste into clay waste for the production of ceramic composites allowed the reduction of environmental
impacts in the gypsum production chain.

Introduction
The possibility of using low-cost materials for the production of new ceramic products has been
stimulated mainly aiming the industrial waste recycling. This initiative reinforces the importance of the
utilization of waste as raw materials for the technological development of utility products for the society
and environmental protection, since some waste can be polluting [1].

The use of industrial waste as additives in the manufacture of ceramic products has been widely studied
in recent years. The addition of basaltic waste to ceramic bodies burned at 850 ºC contributed to the
reduction of retraction in drying and burning [2]. Different wastes were incorporated in the ceramic mass:
steel wastes from the production of steel in an electric furnace (powder for steelworks), wastes from a
ceramic coating industry atomizer and from porcelain stoneware polishing. The ceramic masses were
formed by pressing and subjected to burning at temperatures 800, 900, 1000 and 1100 ºC. The atomizer
powder increased the sintering rate at temperatures below 950 ºC and at higher temperatures the powder
for steelworks promoted a more intense sintering in the predominant region of solid-state sintering [3].

The incorporation of 10-50% of marble and granite sludge in sintered ceramic mass at temperatures
between 950 and 1150 ºC was evaluated, enabling the use of the waste without negatively affecting the
samples properties [4]. The production of tiles containing 5 to 20% of chamotte (burnt brick waste)
allowed improvements in the drying stage [5].

 A study of the sintering behavior at temperatures between 750 and 1150 ºC in ceramic materials was
carried out with the addition of 5 to 20% of petroleum sludge waste in the clay masses. Signi�cant phase
transformations occurred during sintering. This waste presents a large amount of non-plastic materials
(quartz and barite) that contribute to the reduction of linear shrinkage and mechanical resistance of the
sintered bodies [6].
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Currently there is a great concern on the part of the industries with the waste disposal generated
throughout the production process, mainly in the mining area [7]. One of the main sources of
environmental impact related to the gypsum extraction activities are the waste piles, which are arranged
in the area consisting of �nes derived from the dismantling and from sterile material removed in the
mining operation [8]. The clay waste present in the material removed from the gypsum tillage is rich in
clay minerals important for application in products of the red ceramic industry.

In the gypsum production, issues such as energy consumption and the high generation of gypsum waste
during the productive cycle have a negative impact on the environment [9]. Currently, most research is
focused on reducing the volume of waste by determining applications such as alternative material in the
areas of civil and industrial Engineering [10].

The incorporation of 5% and 10% of gypsum wastes in clay was evaluated, considering two sintering
temperatures (800 and 1050 ºC) for the production of red ceramic products, the best results were
obtained with the addition of 5% of gypsum residue burned at 800 ºC presenting properties similar to
pure clay [11]. In the literature, the production of satisfactory formulations with red ceramic mass
containing up to 15% of gypsum waste and illitic clay was reported at the burning temperatures of 850
and 950 ºC [12].

In this context, this study evaluated the possibility of incorporating gypsum waste into clay waste from
the extraction of gypsum for the production of ceramic composites and to analyze the effect of the
added waste content and sintering temperature on the physical, mechanical and morphological
properties of the ceramic bodies, aiming to reuse waste materials as raw material and to reduce the
amount of waste discarded in the environment.

Experimental
The wastes used were: a) waste clay – was obtained and denominate (B) by the gypsum mining
company in the municipality of Araripina-PE and b) gypsum waste (WG) from the production of blocks
and slabs in Juazeiro-BA.

The granulometric analysis was performed through laser diffraction in a granulometer of the brand Cilas,
model 1064. The particle size was determined through wet method with material passed in sieve ABNT
Nº 200 (0.075 mm).

The raw materials were passed in a sieve ABNT Nº 80 (0.180 mm) and Nº 100 (0.150 mm), clay and
gypsum waste, respectively. The ceramic mass was prepared with 8% water, 0, 5 and 10% gypsum waste,
then homogenized. The specimens were formed through uniaxial pressing (20 MPa) using a Bovenau
brand hydraulic press (60 x 20 x 5 mm³). The specimens were oven dried at 110 ºC for 24 hours. The
burning temperatures were 850 ºC, 950 ºC and 1050 ºC, with a heating rate of  2ºC∙min-1, for 2 h. The
Table 1 presents the evaluated formulations.
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Table 1. Ceramic bodies of formulation

Samples Clay (%) Gypsum waste (%)

B 100 0

B/5%WG 95 5

B/10%WG 90 10

 

After the burning, the water absorption, the linear �ring shrinkage, the loss on ignition, the apparent
porosity and the �exural strength in three points were evaluated in the specimens, using a test speed of
0.5mm∙min-1, in universal mechanical testing equipment (EMIC-DL 1000).

 Analysis of the crystalline phases of sintered specimens at 850 ºC and 1050 °C was performed through
X-ray diffraction analysis in Shimadzu equipment, model XRD-6000. Using K-alpha copper radiation (l =
0.15406 mm), operating at 30 kV and 30 mA at room temperature. The diffractograms were obtained
from 2θ varying from 3 to 120 ºC and a scan speed of 2º∙min-1. The X’ Pert HighScore Plus software
version 2.0a and the PDF2 crystallographic chart standards were used for analysis of the X-ray
diffraction patterns.

The morphological analysis of the fracture surface of the test specimens after the mechanical test was
carried out using a Tescan brand electronic microscope, model Vega 3XMU, with energy dispersive
spectroscopy (EDS) in an Oxford equipment (X-act) coupled to the scanning electron microscope. The
contents of the elements present in the raw materials and in the sintered ceramic bodies were obtained.
The samples were coated with gold for 10 min and 15mA∙5min-1 current using a Quorum equipment
(Q150R ES). 

Results And Discussion
The Fig. 1 shows the distribution curves of the raw materials particle size. The “sand” fraction had the
highest accumulated volume in the clay (62.57%) and gypsum waste (87.05%) (Table 2). In the clay
particles larger than 20 µm are associated with the presence of quartz [5]. The content of 87.8% of the
"sand" fraction was obtained in the study of sand with coarser granulometry [13]. This content was
similar to that found for gypsum waste.

The gypsum waste showed similar characteristics to the chamotte (burnt brick waste), because the waste
had a coarser particle size than the clay, it may have contributed to a better packing of the particles [5].

The clay presents the granulometric distribution curve with a particle concentration between 0.8 and 32
µm while in the gypsum waste the particles were observed between 10 and 20 μm (Fig. 1).
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Table 2. Raw materials granulometric Composition

Samples Clay fraction (< 2 µm) Silt fraction (between 2 and 20 µm) Sand fracton (  20µm)

B 3,34 37,43 62,57

WG 0,74 12,95 87,05

 

The Table 3 presents the chemical analysis obtained through energy dispersive spectroscopy (EDS) of
the raw materials and the ceramic materials with 5 and 10% of gypsum waste sintered at 950 ºC. The
elements corresponding to the main component of gypsum waste, calcium sulfate dihydrate
(CaSO4·2H2O) were observed [14].

In the clay, elements that presented the highest levels were silicon, aluminum and oxygen attributed to
silica (SiO2) and alumina (Al2O3) constituents of the clay materials, from the tetrahedral and octahedral
layer of smectite clay minerals, kaolinites and accessory minerals [15]. The elements Fe, Mg and others
may be due to isomorphic substitutions of the octahedral layer of smectite. Iron present in iron oxides
plays an important role as �ux during sintering [4]. The calcium content in the clay probably comes from
the accessory mineral calcite [16].

In the sintered composites the presence of calcium and sulfur is due to the addition of gypsum waste,
which at temperatures above 800 ºC is formed the anhydrite (CaSO4) as shown in Fig. 2.

Table 3. Semiquantitative result of the present elements analyzed through EDS

Sample Contents of present elements (% in mass)

O Si Al Fe K Mg Ti Ca Tl As S Mn

B 54,9 20,4 8,5 4,8 1,0 0,6 0,4 1,4 0,6 0,3    

WG 64,2             20,4     15,4  

B/5%WG 54,1 22,9 8,1 4,3 0,9 0,7 0,3 5,3     3,3 0,1

B/10%WG 48,5 27,7 8,5 8,0 0,7 0,7 0,3 3,9     1,6  

           

The diffractograms of samples sintered at 850 and 1050 ºC are shown in Fig. 2. Signi�cant phase
transformations occurred during sintering as a function of the �ring temperature, and in the composites
the presence of gypsum waste in�uenced the formation of new phases. 

It was observed in all the samples independent of the burning temperature studied, an intense quartz
peak that may be related to the presence of rough quartz with dimensions greater than 45 μm [17].
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For the pure clay burned at 850 ºC, only the presence of quartz is observed [18]. When increasing the
temperature to 1050 ºC the presence of the crystalline phases of quartz, cristobalite, anorthoclase and
hematite was veri�ed. New phases were formed with increasing temperature due to a structural
reorganization that occurs due to thermal decomposition, resulting in reduced porosity (Table 4) [17]. The
cristobalite phase is formed at a sintering temperature between 1000 ºC and 1100 ºC due to the silica
and alumina present in the clay [19]. The anorthoclase corresponds to an alkaline feldspar formed in high
temperature [20]. The presence of hematite is associated with water loss from iron hydroxides [21].

The main phases of gypsum (CaSO4∙2H2O) are basanite (CaSO4∙½H2O) and anhydrite (CaSO4), these
transformations occur gradually with increasing temperature [22]. The presence of these phases is
determined by reversible or irreversible dehydration reactions presenting different characteristics [23].

The crystalline phases observed with the incorporation of 5% gypsum waste at 850 ºC were quartz and
anhydrite, while at 1050 ºC anorthite, cristobalite and hematite were also formed. The identi�ed anhydrite
has an orthorhombic crystal structure.

Phase transformations of 10% gypsum waste samples submitted to 850 ºC were characterized by quartz
and anhydrite peaks. For the temperature of 1050 ºC were observed the phases: anhydrite, quartz,
anorthite, hematite.

New phases such as the anorthite were formed in the compositions with gypsum sintered at a
temperature of 1050 ºC. The anorthite corresponds to a calcium crystalline phase probably resulting from
the decomposition of calcium sulphate (gypsum waste) which reacted with the oxides present in the
material. This behavior is expected in materials with high concentration of calcium oxide [4]. A similar
result was reported in the literature on ceramic bodies containing CaCO3 sintered at 1050 ºC, which were
formed among other phases the anorthite obtained by the calcium oxide reaction from the decomposition
of calcium carbonate, with the metakaolin resulting from decomposition of kaolinite and quartz. The
presence of anorthite indicates that the calcium oxide did not remain free but reacted with the metakaolin
amorphous phase and forming a crystalline calcium phase [24].

A study reported in the literature showed that the gypsum waste presented different phase
transformations as a function of temperature. The conversion of gypsum to anhydrite is independent of
the heating rate and appears to be only thermodynamically controlled. Because this transformation
involves only structural rearrangements that are not affected by the drying conditions [25].

The Fig. 3 shows the linear shrinkage of the samples studied. In the pure clay ceramic bodies, the
shrinkage increased with risen temperature due to the densi�cation occurred, decreasing the porosity as
shown in Table 4.

In all compositions, shrinkage increased similarly at temperatures of 850 and 950 ºC. The addition of
gypsum reduced the shrinkage at 1050 ºC when compared to pure clay, showing a similar behavior
independent of gypsum content. This behavior can be attributed to greater loss on ignition with the
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addition of gypsum. The reduction of linear shrinkage and mechanical resistance was reported in the
literature in a ceramic material containing a waste composed mainly of quartz and barite, also signi�cant
phase transformations occurred during sintering [6].

Table 3. Semiquantitative result of the present elements analyzed through EDS

Sample Contents of present elements (% in mass)

O Si Al Fe K Mg Ti Ca Tl As S Mn

B 54,9 20,4 8,5 4,8 1,0 0,6 0,4 1,4 0,6 0,3    

WG 64,2             20,4     15,4  

B/5%WG 54,1 22,9 8,1 4,3 0,9 0,7 0,3 5,3     3,3 0,1

B/10%WG 48,5 27,7 8,5 8,0 0,7 0,7 0,3 3,9     1,6  

           

The diffractograms of samples sintered at 850 and 1050 ºC are shown in Fig. 2. Signi�cant phase
transformations occurred during sintering as a function of the �ring temperature, and in the composites
the presence of gypsum waste in�uenced the formation of new phases.

The loss on ignition and the apparent porosity were evaluated (Table 4). The loss on ignition was lower
for the pure clay when compared to the composites. As the waste content increased, loss on ignition
increased by 1050 ºC. The overall porosity was not signi�cantly altered at a temperature of 850 ºC in all
compositions studied. The incorporation of gypsum increased the porosity with the increase of the
burning temperature (950 and 1050 ºC) in relation to the pure clay.

Table 4. Loss on ignition and apparent porosity of sintered specimens

Samples Loss ignition (%) Apparent porosity (%)

850ºC 950ºC 1050ºC 850ºC 950ºC 1050ºC

B 12,27 ±
0,11

14,36 ±
0,09

12,97 ±
0,06

22,69 ±
0,39

15,45 ±
0,59

16,94 ±
3,85

B/5%WG 13,00 ±
0,15

14,23 ±
0,14

15,90 ±
0,33

22,29 ±
0,74

19,02 ±
0,45

18,79 ±
0,73

B/10%WG 13,67 ±
0,41

15,54 ±
0,05

18,59 ±
0,04

23,83 ±
1,17

20,02 ±
0,45

22,71 ±
1,01

 

Water absorption and �exural strength were evaluated (Fig. 4). The studied ceramic materials presented
different water absorption rates for pure clay and 5% of gypsum residue burned at 950 and 1050 ºC,
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water absorption was between 6 and 10%. While the compositions of clay and 5% of gypsum at 850 ºC
and 10% of gypsum at all temperatures had water absorption between 10 and 20%. Therefore, all
samples meet the maximum 20% absorption limit for tile production according to NBR 15310 [26].

The pure clay showed the highest �exural strength when sintered at 950 ºC. Throughout the sintering
temperature range, mechanical strength showed a downward trend with increasing gypsum waste
content. This behavior may be related to the microstructure of the sintered body and to the incorporation
of the gypsum waste. The particles of the waste may be favoring the formation of defects such as
cracks, reducing the mechanical strength of the sintered body.

The Fig. 5 presents the fracture surface of the pure clay ceramic bodies and the sintered composites at
different temperatures. The differences observed in the microstructures are attributed to the presence of
gypsum residue and the �ring temperature [27]. The increase in the �ring temperature gave rise to new
phases that may in�uence the microstructure (Fig. 2).

The pure clay presented e�cient sintering at all temperatures studied. In the composites a less, effective
sintering was observed with the presence of some pores. In the ceramic bodies sintered at 1050 ºC, the
pores may be associated with the possible release of O2 from the reduction of hematite [21].

Probably, particle agglomerates in pure clay with 5% gypsum sintered at 1050 ºC are cristobalite [28].

As shown in X-ray diffraction the anorthite peak arose with increasing sintering temperature. In
microscopies of composites with 5 and 10% of gypsum burned at 1050 ºC can be observed grains,
possibly anorthite. These results are like those found in the literature [29].

The Fig. 6 shows the EDS mapping of pure clay samples with 10% sintered gypsum waste at 950 ºC. In
the Fig. 6-a shows a good dispersion of the major clay elements. The Fig. 6-b presented small regions
with a higher concentration of calcium and sulfur as expected due to the presence of the gypsum waste,
and the other elements are characteristic of the clay. These regions may represent gypsum agglomerates
in the ceramic matrix and act as stress concentrators and reduce mechanical properties.

Conclusions
The sustainable development requires greater production with the least amount of natural resources. The
incorporation of gypsum waste into waste clay to produce ceramic composites allowed the use of waste
materials minimizing the environmental impacts in the gypsum production chain. The formation of new
phases in the sintered ceramic bodies was obtained by increasing the temperature and adding the
gypsum waste. The presence of crystalline calcium phases indicates that reactions occurred between
calcium sulphate and oxides of the material. Better mechanical properties of the composites were
obtained at the �ring temperature of 850 ºC.
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Figures

Figure 1

a) Granulometric distribution and b) Histogram of granulometric distribution of raw materials
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Figure 3

XRD patterns of samples sintered at different temperatures of pure clay and with 5 and 10% gypsum
waste.

Figure 5

Linear �ring shrinkage as a function of the sintering temperature of the ceramic specimens.
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Figure 7

Water absorption and �exural strength for samples burned with different levels of gypsum waste.
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Figure 9

Micrographs of the fracture surface for the compositions sintered at 850ºC: a) B, d) B/5%WG e g)
B/10%WG; a 950ºC: b) B, e) B/5%WG e h) B/10%WG; a 1050ºC: c) B, f) B/5%WG e i) B/10%WG.
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Figure 11

EDS mapping of the fracture surface of samples burned at 950 ºC: a) B; b) B/10% WG.


