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Abstract. The fabrication process of clay pans in the state of Espírito Santo, southeast of Brazil, is 
a recognized part of the country’s popular culture. In Goiabeiras, a district of the state capital 
Vitória, the traditional production of these pans is the source of income for many families. The 
technique used in these ceramic pans is of indigenous origin, characterized by manual molding, 
outdoor burning and application of tannin dye. The clay pans are distributed to several Brazilian 
states and are nowadays conquering the external market. In producing these pans, two types of, 
yellow and gray, clays are used. The actual source of raw material comes from the deposit of the 
Mulembá valley, where a concern on the possibility of exhaustion exists. The objective of this study 
was then to characterize these two types of clays and so contribute to the continuity of traditional 
clay pan production by knowing the characteristics of the local clays in case of an eventual need for 
their replacement. Chemical analysis, X-ray diffraction, particle size distribution, plasticity and 
thermal analysis of the clays were performed. The results showed that the clays are high plasticity 
kaolinite with considerable amounts of SiO2 and Al2O3 as well as of alkaline oxides, earth alkaline 
oxides and Fe2O3.  

Introduction 
The traditional clay pan produced in the state of Espírito Santo is not only recognized as an 

important cooking accessory in several Brazilian states but also conquering the international 
market, as one of the main expressions of the estate culture. The artisans of Goiabeiras, a 
neighborhood district of the state capital Vitória manufacture the pans using a homemade tradition 
of indigenous origin, which has been going on for more than 400 years. Manual molding, outdoor 
burning and application of tannin dye, which produces the dark color of the clay pan, characterize 
the ceramic technique used by the artisans. The average production is 1,200 pieces per month and 
clay pans have been commercialized in other Brazilian states as well as abroad. The fabrication 
technique is passed from one generation to the next and many families depend on it as a source of 
income. As consequence of the cultural importance of this activity, the city created in the 90’s an 
association of pan artisans. Later in December 2002, the Brazilian authority of historic artistic 
culture [1] recognized the Occupation of the Artisans of Goiabeiras as an Immaterial Patrimony 
given the title of Cultural Patrimony of Brazil.  

Due to the possibility of exhaustion of the only used source of raw material for making pans, 
the clay deposit in the Mulembá valley is being studied with the purpose of improving the 
manufacturing process of pans through a sustainable consumption of the clay, and thus contributing 
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to preserve the culture patrimony. This patrimony is becoming increasingly known, mainly due to 
the use of clay pan in the typical cooking of many Brazilian dishes.  

Two raw materials are actually used in the manufacture of the Goiabeiras ceramic pans. 
First, the clays extracted from a deposit in the Mulembá valley, Fig. 1, located in the neighborhood 
of Joana D’Arc, another district of the city of Vitória. Second, a red mangrove husk, from which the 
tannin dye is made. The clays of the Mulembá valley, ideal for making ceramic pans, are plastic 
type of clays, of yellowish or gray colors, with organic matter and small amounts of free silica. Fig. 
1 also shows the drying of clay pans (b) and dark clay pans ready for use (c).  

 

 
 

Fig. 1. Deposit of clay in the Mulembá valley (a); drying (b) and finished (c) clay pans. 
 
 

The objective of this study was to characterize the two types of clays, yellow and gray, 
typical of the Mulembá valley and used in the making of traditional Brazilian ceramic pans. This 
study aims to technologically contribute to the continuity of the Occupation of the Goiabeiras 
Artisans in the state of Espírito Santo, in the southeast part of Brazil. 

Experimental Procedure 
The raw materials investigated in this work were the yellow and gray clays, Fig. 2, as the 

typically used by the artisans of Goiabeiras and considered appropriated for ceramic pan 
fabrication.  
 

 
 

Fig. 2. Studied clays from the Mulembá valley (a) yellow, (b) gray. 
 

The clays were dried in a stove at 70°C and then disintegrated for further characterization in 
terms of their chemical composition, X-ray diffraction (XRD), thermal behavior, plasticity and 
particle size distribution. For the chemical and mineralogical characterization, the clays were sieved 
to 74 μm (200 mesh). 

a b

a b c
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Chemical analysis was performed by gravimetric method for SiO2; by molecular absorption 
in the UV and visible spectra for P2O5; by flame atomic absorption with C2H2/N2O/air for CaO and 
MgO; by flame atomic absorption with C2H2/air for Fe2O3, TiO2, K2O, Na2O; and by titration for 
Al2O3 determination. 

The XRD test was conducted in powder samples using a D4 Endeavor model Bruker 
equipment operating with Co-Kα radiation and a scanning angle 2θ from 4 to 70º. 
 Thermodifferential (DTA) analysis of the clays samples were conducted in a model SDT 
2960 TA equipment, operating under an air flow of 100 mL/min and a heating rate of 10ºC/min 
until the maximum temperature of 1100ºC. 

The particle size distribution was obtained by sieving using 20, 40, 60, 100 and 200 mesh 
sieves as well as by sedimentation method according to the Brazilian standard [2]. The density of 
the clay was determined by picnometry according to the Brazilian standard [3].  

The plasticity of the clays was evaluated by determining the Atterberg limits in terms of the 
liquid limit (LL), plastic limit (PL) and plasticity index (PI) [4,5].  

Results and Discussion 
Table 1 shows the chemical composition of the clays. It can be observed that the clays are 

composed of SiO2 and considerable amounts of Al2O3. This indicates a high fraction of clay 
minerals [6]. The free silica in the clays is associated with the crystalline phase of quartz combined 
with Al2O3, in the aluminosilicates structure. The amount of free silica, when present in the clay, 
determines the plasticity and shrinkage of the clays. It tends to decrease the intensity of those 
properties, although it may increase the refractoriness of the clay. Most part of the alumina is 
combined to form the structure of the aluminosilicates associated with the kaolinite.  

According to Table 1, the clays showed considerable amounts of alkaline oxides that can act 
as flux. It is also observed a high content of Fe2O3 in the yellow clay, responsible for the reddish 
color of the products after firing. By contrast, the gray clay has a lower content of Fe2O3. The loss 
on ignition (LoI) is mainly due to the constitution water of the clay minerals. 
 
 

Table 1. Chemical composition of the clays [wt. %]. 
 

Raw Materials Composition [%] 

 SiO2 Al2O3 Fe2O3 TiO2 CaO MgO P2O5 K2O Na2O LoI 

Yellow clay 53.9 19.3 11.9 2.9 0.45 0.56 0.60 2.7 0.90 6.8 

Gray clay 58.0 21.7 5.1 3.6 0.47 0.44 0.27 2.6 0.90 7.0 

 
Fig. 3 shows the XRD pattern of the clays. The identified crystalline phases were quartz, 

kaolinite, muscovite and microcline. The kaolinite is a clay mineral responsible for the development 
of the plasticity, in mixture with water, and associated with the refractory behavior upon firing. The 
quartz acts as a non-plastic material in the water/clay system. The microcline is beneficial to the 
ceramic processes due to the flux action during the firing stage. The muscovite is a mineral with 
lamellar habit, which can cause defects in ceramic bodies. In addition, Fig. 3 reveals the possible 
existence of smectite clay minerals for low 2θ (6.75°). 
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Fig. 3. XRD pattern of the yellow and gray clays. Q = quartz, C = kaolinite, Mu = Muscovite,  
M = Microcline. 

 
 

Fig. 4 shows the DTA curves for the clays. The fundamental aspects of the thermal behavior 
of the studied clays, in association with peaks marked by letters in Fig. 4, are the following: 

 
(A) Endothermic peak at 70°C associated with the elimination of humidity water; 
(B) Endothermic peak at 480°C associated with the elimination of hydroxyl; 
(C) Endothermic peak at 570oC due to the allotropic transformation of quartzo-α to quartzo-β; 
(D) Exothermic peak at 900°C that may be associated with the formation of new phases [7].  
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Fig. 4. Thermodifferential (DTA) curves of the clays. 
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Fig. 5 shows the particle size distribution curves of the clays. It is observed that both clays, 
yellow and gray, show the same granulometric behavior as well as similar clay mineral content. 
Clay minerals associated with particle size less than 2 μm in diameter are considered as plastic 
materials [8]. The clays have also a high percentage of sands fraction, a non-plastic material, 
associated with particles size above 20 μm. The relationship between plastic and non-plastic 
materials is an indicative of the workability of the material. The densities of both the yellow and 
gray clays are 2.74 and 2.67 g/cm3, respectively.  
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Fig. 5. Particle size distribution curves of the clays. 
 
 

Table 2 presents the plasticity indices determined by the Atterberg method. The plastic limit 
(PL) indicates the minimum amount of necessary water to mold a ceramic body. The liquid limit 
(LL) is related to the amount of water for which the material has a consistency of sludge, and 
therefore, exceeds the range of plastic consistency. The plasticity index (PI) represents the 
difference between the liquid limit and the plastic limit, that is, the amount of water that can be 
added, starting from the plastic limit, without altering the plastic state of the clay. The minimum 
plasticity index considered for a clay body is of 10% [9]. In Table 2 one should note a very high 
plasticity index (PI) for the studied clays. Therefore, the clays, due to their high plasticity, can 
present drying difficulty, which causes the dimensional problems or even cracks in the final ceramic 
product.  
 

Table 2 – Plasticity of the clays determined by the Atterberg method [%]. 
 

Raw materials 
Plasticity [%]  

LL PL PI 

Yellow clay 71.7 27.5 44.2 

Gray clay 67.7 26.3 41.4 
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Conclusions 
The investigated clays, from the deposit in the Mulembá Valley, are predominantly high 

plastic kaolinitic with the same granulometric behavior and similar clay mineral content of 44 and 
46%, for respectively the yellow and gray clays.  

The characterization of these clays used in the fabrication of traditional clay pans will 
permit the consideration of alternative raw materials for making the pans. This allows the 
replacement of these clays in the future due to the eventual exhaustion of the deposit. The 
knowledge of the Mulembá valley clays combined with the optimization process will contribute to 
the sustainability of clay pan fabrication in Goiabeiras, state of Espírito Santo, Brazil and to the 
protection of a cultural patrimony of Brazil. 
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