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Abstract
Oily wastes are being generated in increasing amounts in the northern region of the State of Rio de Janeiro, Brazil, due to offshore

petroleum extraction. More than 100 active clay ceramic industries in the region could provide a solution for the destination of such wastes by

adding them to final products, mainly bricks. Thus, the effect of an oily waste obtained from a petroleum separation process on the properties

of clay ceramics was investigated. The results showed that the addition of 5–10 wt.% of such oily waste produces an increase in mechanical

strength, while the apparent density, linear shrinkage and water absorption remained practically unchanged. These results are not in agreement

with the conclusions of a recent paper in which the incorrect interpretation of experimental data appears to be the main reason for the presented

contradictions concerning the effects of oily waste additions on the properties of clay ceramics.

# 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The production of petroleum is increasing rapidly in

Brazil. Today over 1.6 million barrels are extracted daily

and large amounts of related oily wastes of all kinds, from

extraction to distribution, are expected to be generated in

coming years. In a recent paper, Souza and Holanda [1]

studied the densification behavior of clay ceramics to

which one of these petroleum wastes had been added.

The waste studied was an oily sludge originally produced

on offshore rigs and brought to the city of Macaé, in the

north of the State of Rio de Janeiro, to be encapsulated with

bentonite and disposed of in landfills. Seeking a better

environmental solution for such waste disposal, the authors

studied the addition of this material to local clay, in

amounts of up to 20% (all percentages in this work are

wt.%). These authors concluded that the main effect of the

waste addition was the inclusion of barite (BaSO4) and

quartz particles in the ceramic matrix. Moreover, they

stated that the mechanical strength was severely reduced
doi of original article: 10.1016/S0272-8842(03)00070-1.

* Corresponding author. Tel.: +55 22 27261533; fax: +55 22 27261533.

E-mail address: vieira@uenf.br (C.M.F. Vieira).

0272-8842/$30.00 # 2004 Elsevier Ltd and Techna Group S.r.l. All rights reser

doi:10.1016/j.ceramint.2004.05.002
and suggested an upper limit of 5% of waste for clay-based

industrial products. Even though no criticism is made

regarding Souza and Holanda’s [1] experimental results,

except perhaps for the absence of a BaSO4 quantitative

analysis, serious doubts may be raised concerning their

interpretation and conclusions. Investigations such as that

cited above [1] are crucial in terms of establishing the

potential for economic and environmental solutions. How-

ever, the scientific and technological aspects of any solu-

tion must be very carefully analyzed to provide the best

practical orientation for optimum waste disposal. The

present work will present results on an oily sludge addition

and intends to show that the main conclusions in Ref. [1]

are probably incorrect and even misleading in significant

aspects of practical interest.

Investigations on the addition of oily wastes to clay

ceramics have been carried out for over 10 years. Okongwu

[2] was among the first to report on the subject by inves-

tigating up to 8% additions of spent lubricating oil on the

properties of clay bricks fired at 950 8C. Practically no

change was observed in the water absorption and the density.

By contrast, the compressive strength of the bricks produced

showed an improvement at around 1–2% oil, followed by a

noticeable decrease. Tena et al. [3] studied the addition of
ved.
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Table 2

Chemical composition of the clay body (wt.%)

SiO2 Al2O3 Fe2O3 TiO2 K2O Na2O CaO MgO LoI

50.2 25.5 8.9 1.3 2.0 0.5 0.4 1.1 10.2
oily wastes from exhausted mineral oils in ceramic pieces

for civil construction. They concluded that fired products

can be obtained with the same or even slightly better

technological characteristics, for waste addition percentages

not greater than 5%.

Other publications [4–7] were restricted to specific local

interest and, consequently, had limited potential for inter-

national discussion. Nevertheless relevant results were

obtained for different types of oily wastes, which did not

necessarily contain BaSO4 or quartz particles. From these

results it is worth mentioning the fact that, at least for a few

percent of added oily waste, an increase in the mechanical

strength may occur.

In more recent years, international publications [8–11],

other than those presented by Souza and Holanda [1,12–14],

have provided additional information on the subject. In

particular, the increase in strength associated with a few

percent of added oily waste has indeed been confirmed and

an explanation of the role of hydrocarbon content on the

microstructure was proposed [9,10].

Since there is an apparent contradiction between most

conclusions drawn from the addition of oily waste to clay

ceramics [2–11] and those of Souza and Holanda [1], the

present work will analyze this question with supplementary

results.
2. Experimental procedure

The oily waste used in the present work was a crude

sludge (CS) obtained directly from the petroleum/residues

separation process that is carried out on offshore rigs in

Brazil. This oily waste is of the same type used as precursor

for the bentonite encapsulated waste in reference [1].

The chemical composition of the CS waste, obtained by

X-ray fluorescence (XRF) in a Philips PW 2400 equipment

is given in Table 1. Before the XRF analysis, samples were

dried at 110 8C for 24 h to determine the water content, and

then calcinated at 920 8C for 1 h. The quantity of organic

matter, which corresponds to hydrocarbons in the oily waste,

was estimated by the weight difference between the original

material and the remaining inorganic ashes. The chemical

composition of another oily waste, produced by a bentonite

encapsulating (BE) treatment, similar to the one investigated

by Souza and Holanda [1], is also presented in Table 1. The

potential advantage of investigating the addition of the CS
Table 1

Chemical composition of the oily wastes (wt.%)

SiO2 Al2O3 Fe2O3 SO3 BaO CaO TiO2 K2O Na2O MgO

CS 13.7 2.52 6.69 11.1 9.97 4.46 0.18 0.95 2.30 0.42

BE 40.0 6.56 7.33 11.5 10.11 5.55 0.35 1.54 1.10 0.71

Cr2O3 CuO ZnO SrO MnO2 Cl NiO H2O Hydrocarbons

CS 0.27 0.23 0.18 0.65 0.07 0.42 0.05 12.7 33.1

BE 0.14 0.20 0.16 1.04 0.10 <0.01 <0.01 4.3 9.3
waste to clay ceramic is basically the possibility of saving

the cost of the bentonite encapsulation treatment demanded

by the BE waste. This saving could then be passed on by the

CS producer to compensate a ceramic industry for adding

oily waste into its ceramic product.

The clay into which the oily waste was added was

actually a mixture of three different kinds commonly used

by the ceramic industries in Campos dos Goytacazes, in the

north of the State of Rio de Janeiro [15]. This clay mixture

was obtained from a local industry and its chemical com-

position is given in Table 2.

The oily waste was added at levels of 5, 10, 20 and 30%.

Both, the waste-free and waste-containing clay bodies were

extruded to produce 100 mm long rectangular (30 mm �
11 mm) specimens. All specimens were initially dried at

room temperature for 3 days and then at 110 8C in a stove for

24 h. Firing of the specimens was performed in an electrical

laboratory furnace at 750 and 950 8C. These two tempera-

tures correspond to the limits defining the interval com-

monly used in Campos dos Goytacazes for firing bricks. The

fired specimens were tested to determine the apparent

density, linear shrinkage and water absorption by standard

methods [16]. The mechanical strength was measured by the

three points flexural rupture test using an Instron universal

testing apparatus.
3. Results and discussion

The values obtained for the properties measured, with

corresponding standard deviations, are shown in Table 3.

Fig. 1 shows that the measured apparent density mean

values increase from 750 to 950 8C for each given percen-

tage of waste addition. This indicates an effective densifica-

tion with temperature, which is commonly found in clay

ceramics [17]. Within the statistical error limits, no change is

observed for any of the investigated temperatures. The same

general behavior appears to hold for the apparent density

versus waste percentage in reference [1]. However, the

authors refer to it as a complex variation of density, very

similar to the one they observed for the water absorption. It

will be discussed later that, within the error limits, no signi-

ficant variation exists up 10% addition in the water absorp-

tion results in Ref. [1].

Fig. 2 shows that the level of linear shrinkage increases

from 750 to 950 8C. At each of these temperatures, within the

error limits, no change occurs with waste addition except for a

small decrease at 30%. By contrast, Souza and Holanda [1]

stated that a decrease in shrinkage could be noted as the

petroleum waste is added. According to their data, however,
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Table 3

Properties determined for the experimental compositions of added oily waste ceramics

Percentage of

oily waste

Apparent density (g/cm3) Linear shrinkage (%) Water absorption (%) Rupture strength (MPa)

750 8C 950 8C 750 8C 950 8C 750 8C 950 8C 750 8C 950 8C

0 1.47 � 0.21 1.58 � 0.20 6.7 � 0.4 9.5 � 0.7 25.2 � 3.3 24.5 � 2.8 6.2 � 0.6 10.4 � 0.8

5 1.48 � 0.15 1.62 � 0.17 6.7 � 0.3 9.9 � 0.8 25.1 � 2.9 23.6 � 3.0 6.9 � 0.5 12.1 � 0.9

10 1.50 � 0.19 1.66 � 0.14 6.7 � 0.3 10.1 � 0.5 25.1 � 3.5 23.2 � 2.6 6.3 � 0.5 10.9 � 0.7

20 1.46 � 0.23 1.60 � 0.19 6.7 � 0.4 10.5 � 1.1 26.6 � 3.8 24.4 � 2.8 4.2 � 0.4 7.2 � 0.7

30 1.50 � 0.22 1.64 � 0.17 5.6 � 0.2 8.0 � 0.7 25.6 � 4.1 24.7 � 2.4 3.4 � 0.3 6.8 � 0.5
this clearly does not hold for 750, 800, 850 and 950 8C.

Therefore the argument that non-plastic components of the

waste (BaSO4 and quartz) are playing a major role does not

seem to apply to their results below 1000 8C. It certainly does

not apply to the results in the present work at 750 and 950 8C.

Actually, Souza and Holanda [1] did not show a detailed

quantitative analysis of their oily waste, which could support

the proposed participation of BaSO4. The general composi-

tion of the oily sludge they presented was that provided by

PETROBRAS [7] and not that corresponding to the actual

BE waste used [1]. The detailed compositions obtained in

the present work, Table 1, show that, in both wastes (CS and

BE), barium compounds (probably BaSO4 and BaO) as well

as SiO2 are present in significant amounts. However, the role

they play in the waste containing ceramics, Fig. 2, cannot be

associated with changes in the linear shrinkage on firing, at

least below 1000 8C.

Fig. 3 shows that the mean values of water absorption

decrease from 750 to 950 8C. This suggests, together with

the results in Fig. 1, a more efficient densification: a ten-

dency that is normally observed in ceramics with increasing

temperature [18]. At each temperature investigated, within

the error limits, no change occurs in the values of water

absorption with waste addition, which implies unchanged

porosity. Once again, a contradictory opinion was given by

Souza and Holanda [1]. They stated that the water absorption

decreased with waste addition up to 1000 8C, which would
Fig. 1. Apparent density mean values for the experimental compositions

fired at 750 and 950 8C.
correspond to a decrease in porosity. A detailed analysis of

their data, however, indicates that, within the error limits, no

change occurs at any temperature, up to a 10% addition. The

only exception was the result for 900 8C. Consequently, the

explanation that the temperature had an intricate effect does

not appear to be a valid one. Even above a 10% addition,

changes in water absorption are relatively modest at all

temperatures [1] to merit elaborate explanations.

Another serious misinterpretation of Souza and Holan-

da’s [1] was the indication that waste-containing bodies

present values of water absorption above 750 8C, which are

below 25%, a standard requirement for bricks in Brazil

[19]. Their experimental data, however, clearly show that

only above 950 8C is this requirement fulfilled. Since

950 8C is the maximum temperature used in Campos dos

Goytacazes for brick fabrication, not even the waste-free

clay used by Souza and Holanda [1] could be practically

applied for this purpose. In addition, according to the

Brazilian norms [20] the maximum water absorption level

accepted for roofing tiles is 18% and not the 20% men-

tioned by Souza and Holanda [1]. In this case, only the

mixtures fired at 1150 8C in that study would be in accor-

dance with the norm. This temperature, however, is con-

sidered excessively high for roofing tile fabrication in

Campos dos Goytacazes. The refractory bricks currently

used in the local industrial furnaces would not resist

temperatures above 1100 8C.
Fig. 2. Linear shrinkage values the experimental compositions fired at 750

and 950 8C.
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Fig. 3. Water absorption values for the experimental compositions fired at

750 and 950 8C.
Fig. 4 shows that the level of rupture strength increases

from 750 to 950 8C for each given percentage of waste

addition. This can also be attributed to an increase in

densification [18]. At both temperatures investigated, the

mean values of the rupture strength initially exhibit an

increase up to 5–10% of waste addition and then a decrease.

As mentioned, this initial increase in strength with oily

waste addition has already been reported in the literature

[2,4,5,9]. A possible explanation attributed the effect to the

participation of the oil in the waste. It was suggested [9] that

the oily films formed between particles act as lubricant

during the clay body forming, extrusion or pressing, permit-

ting a more efficient packing. This would favor an increase

in mechanical strength after firing. Greater percentage of

waste, above 10% in the present work, however, could

generate oil pockets in addition to films. These pockets

result in pores after firing and contribute to a decrease in

strength [9]. A different situation was presented by Souza

and Holanda [1]. They stated that, for all temperatures, the

compressive strength decreased with waste addition.

Furthermore, they suggested that BaSO4 and quartz might

be responsible for the impaired mechanical strength of the
Fig. 4. Rupture strength values for the experimental compositions fired at

750 and 950 8C.
fired ceramic. A correlation between the values of compres-

sive strength and water absorption was also suggested [1].

A close analysis of the Souza and Holanda [1] data with

regard to the strength versus waste percent relationship

reveals that, within the error limits, no change actually

occurs at 750 and 950 8C, for any addition. Moreover, the

results at 900, 1100 and 1150 8C do not appear to depict a

consistent decrease with waste addition up to 10%. In other

words, their results fail to show any relevant effect caused by

the waste addition on the mechanical strength of clay

ceramics. In fact the bentonite encapsulating treatment of

the waste used in Ref. [1] renders it relatively inert in terms

of the oil content [15]. As shown in Table 1, the oil or

hydrocarbon content of the BE waste is relatively small.

Consequently one should not expect an improvement in

strength if a BE waste is added to a clay ceramic. Con-

versely, no significant deleterious effect should be expected

either, except at higher addition percentages. In this case, a

probable explanation is that the combustion of any remain-

ing oil could form additional pores that contribute to a

reduction in strength [9].

Another possibility for a mechanism provoking a

decrease in strength may be attributed to BaSO4 particles.

Souza and Holanda [1] suggested that a small amount of

these particles could act as nucleation sites for cracks. Table

2 shows that BaSO4 exists in both wastes (CS and BE) in

amounts of the order of 10%. In the present work, the BaSO4

could thus have a participation greater than 1% only in

ceramics with 20% or more of waste addition. This may,

consequently, contribute to impair the strength at higher

waste percentage as shown in Fig. 4. By contrast, however,

the BaSO4 could not be responsible for any reduction in

strength above 1000 8C, under which conditions Ref. [1]

reports a clear decrease for more than 10% of waste addition.

The reason is, that at temperatures from 975 to 1300 8C, the

BaSO4 in fact decomposes and acts as a flux [21]. This tends

to reduce porosity and could not contribute to the proposed

crack formation, which could lead to a reduction in strength.

Quartz could also contribute in reducing the strength due

to its volumetric variation at 573 8C forming macrocracks

[22]. According to Table 2, the amount of SiO2 in the CS

waste, 13.7% is less than that in the clay, 50.2%. Conse-

quently, one should not expect any additional effect due to

quartz. This would not be the case in Ref. [1]. The amount of

SiO2, 40%, in type BE waste is comparable to that in the

clay. Since the waste has a larger particle size in the sand

fraction [1], this may perhaps contribute to some reduction

in strength but only for a limited number of conditions, those

900 8C and above 1000 8C (for more than 10% waste), for

which this reduction does clearly occur.

As previously discussed, Souza and Holanda [1] sug-

gested a correlation between the water absorption and the

strength. Indeed this correlation appears to exist for their

results indicating that, at least up to 10% waste addition, no

change in either water absorption or strength is taking place

as a function of the level of waste addition. Consequently,
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the suggestion that the mechanical strength is severely

reduced [1] is not only an overstatement but also an unjus-

tified interpretation of experimental data. Furthermore, the

associated conclusion that the presence of BaSO4 and quartz

particles is detrimental to densification is misleading,

regarding the actual role played by the oily waste addition

to clay ceramics. The present work confirms what already

exists in the literature [2–9], that small additions of oily

wastes do indeed tend to improve the ceramic strength with

no major effects on other properties such as density, linear

shrinkage and water absorption.

As a general comment, it should be said that the hydro-

carbon content of an oily waste may be beneficial to the

mechanical strength of a clay ceramic for small additions. If

the hydrocarbon content is too small or has been encapsu-

lated inside the waste, no change should be expected in the

ceramic properties except for the effect of other components

in the waste. In principle, the incorporation of an oily waste

into the ceramic body is advantageous to the industry for the

following reasons [4–9]:
� Increase in industrial productivity due to a better plasticity

of the body in association with an increase in the forming

speed.

� Saving in electrical power related to the operational

equipment for mixing and forming.

� Reduction in maintenance costs due to less wear of the

equipment.

� Saving in fuel consumption due to both, less water

being required to process the body and additional com-

bustion provided by the hydrocarbon content in the

waste.
To these advantages, one may add the improvement in

the mechanical strength of the ceramic product, at least for

small percentage of waste. For instance, the crude sludge

oily waste investigated in the present work could be used

up to 10%. At higher waste percentages, porosity caused

by oil pockets or larger particles, such as sand in the case

of Ref. [1] or BaSO4, in the present work, may impair the

strength.
4. Conclusions

The addition of a crude sludge oily waste, containing

33.1% of hydrocarbons, into clay ceramics at 750 and

950 8C did not alter the density and water absorption up

to the maximum of 30% addition investigated. The linear

shrinkage remained unchanged for levels of waste addition

bellow 30%. Above this level a significant reduction

occurred. The flexural strength increased up to 5–10%

addition and then decreased at higher waste percentages.

These findings are in good agreement with most investiga-

tions carried out so far [2–9] for different types of oily

wastes.
The mechanism proposed for the initial increase in

strength was based on a more efficient packing of the

ceramic body particles, before firing, due to the lubricant

action of oily films. For greater waste percentages, oily

pockets, in addition to films, form pores after firing and

may contribute to a decrease in strength.

These results contradict the conclusions of a recent study

[1] using the same type of oily waste, but which had,

however, been encapsulated and thus contained much less

hydrocarbons. A detailed analysis revealed no basic effect

due to the encapsulation of waste in spite of the authors

assertion that BaSO4 and quartz particles could cause a

severe reduction in mechanical strength. The present work

has shown that this assertion and other statements were

incorrect interpretations of the presented experimental data.

The importance of this comparative analysis is to avoid

potentially misleading information on the real advantages of

adding oily wastes to commercial clay ceramics.
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