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ABSTRACT

In recent years, it has become increasingly important to search for alternatives for the development of 
new materials with sustainable characteristics. This is due to the fact that the environmental problems 
faced by the whole world have become increasingly worrying due to their serious short and long term 
impacts. In view of this, the use of materials from reuse and the disposal of polluting waste shows itself 
as an excellent alternative for the development of new products. Considering the mineral sector as 
a major generator of solid waste, this study proposed the reuse of agate powder, a residue from the 
extraction and processing process of agate stone, for the manufacture of ecological bricks. Mechanical 
compression tests were performed on bricks with 7, 14, 21 and 28 days, thus obtaining a mechanical 
strength profile. The results obtained were compared with those proposed by NBR 8491 (2012), which 
proved very promising, being above the values proposed by the standard in all cases.
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RESUMO

Nos últimos anos, mostra-se cada vez mais importante a busca de alternativas para o desenvolvimento 
de novos materiais com características sustentáveis.   Isso se deve ao fato de que os problemas 
ambientais enfrentados por todo o mundo têm se tornado cada vez mais preocupantes devido aos 
seus graves impactos a curto e longo prazo. Tendo isso em vista, a utilização de materiais provenientes 
de reutilização e a destinação de resíduos poluentes se mostra como uma excelente alternativa para 
o desenvolvimento de novos produtos. Considerando o setor mineral como um grande gerador de 
resíduos sólidos, o presente estudo propôs a reutilização do pó de ágata, resíduo proveniente do 
processo de extração e beneficiamento da pedra ágata, para a confecção de tijolos ecológicos. Foram 
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realizados testes de compressão mecânica em tijolos com 7, 14, 21 e 28 dias, obtendo assim um perfil 
de resistência mecânica. Os resultados obtidos foram comparados com os propostos pela NBR 8491 
(2012), mostrando-se muito promissores, ficando em todos os casos acima dos valores propostos pela 
norma.

Palavras-chave: Tijolo ecológico; Sustentabilidade; Ágata; Resíduo

1 INTRODUCTION

The mining sector is responsible for the generation of large amounts of solid 

waste. 

The mining enterprises can be characterized by the simultaneous and/or sequential 

execution of potentially polluting activities, and the several operations performed 

in mining generate different types and volumes of waste, which must be adequately 

handled and properly destined. (Brasil, 2021)

Regarding waste generation, in Brazil there is the National Solid Waste Policy 

(Brasil, 2010), which brings a series of requirements that must be taken by generating 

companies involved in the entire waste generation cycle” (França Neta et al., 2021, p. 

1136). Since the mining industry is a solid waste generating sector, there are still many 

advances to be made when it comes to the proper disposal of its surplus material.

Considering that mineral wastes are disposed of in many locations without 

any control, they become highly polluting by degrading water and soil, creating 

environmental problems.

“The state of Rio Grande do Sul is one of the most important in the country 

when it comes to stones, gems and jewelry” (Costa; Jornada, 2015, p. 4), having a very 

significant volume of waste generated by the processing of a specific stone, agate. 

“Agate is classified as a variety of microcrystalline silica, which occurs in cretaceous 

volcanic rocks” (Betat, 2006).
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The mining and gemological tradition of agate in Rio Grande do Sulcan be traced in 

two regions, the Mining District of Ametista do Sul (DMAS), located in the north-central 

region, and the Mining District of Salto do Jacuí (DMSJ), in the central region of the 

state. The southwestern border of Rio Grande do Sul has also been growing in agate 

production and commercialization. (Michelin et al., 2021, p. 356) 

“In the processing of precious stones such as agate, in Rio Grande do Sul, the 

waste generated requires a direction for the accumulated waste from the process, 

which today is deposited in company yards.” (Betat, 2006).

The waste generated in agate mining comes mainly from the processing 

of the stone, which is polished, cut and sanded. This processing generates a large 

accumulation of agate dust, in addition to the more robust waste from the extraction 

process itself. 

“Agate powder is composed of approximately 98% finely comminuted  with 95% 

below 74 μm” (Silva; Schneider, 2015, p. 13).

Considering the scenario of the agate extraction industry, the importance of 

disposing of this solid waste for useful purposes is evident. This will solve the problem 

of agate powder accumulation in the environment and will start the development of a 

new sustainable material from reuse.

In the environmental context in that we live, it becomes very important to 

develop alternatives in order to reuse waste and create materials that cause less impact 

on the environment when discarded. This is largely due to the various environmental 

problems that these accumulations can create.

In 2019, atmospheric carbon dioxide () concentrations were higher than at any time in 

at least 2 million years, and methane ()) and nitrous oxide () concentrations were higher 

than at any time in at least 800,000 years. (IPCC, 2021, p. 68).

The point is that, different from what we often think, pollutants are not only 

generated by means of transportation or industries, but also by the waste discarded 
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by different productive sectors.

When it comes to sustainable materials, the ecological brick is currently 

highlighted in the civil construction area. This brick is currently regulated by NBR 8491: 

Brick of soil-cement requirements (Associação brasileira de normas técnicas, 2012).

According to this norm, “the solid brick of cement soil is constituted by a 

homogeneous, compacted and hardened mixture of soil (which should not have 

harmful organic matter levels), Portland cement, water and, eventually, additives”. 

(Ibidem, p. 1).

They can be classified as type I and II, with dimensions of (20 x 9.5 x 5) cm and 

(23 x 11 x 5) cm, respectively (length, width and height).

This class of bricks is considered ecological mainly because of the exemption 

of burning in the drying process, but the use of different types of soil also benefits its 

sustainable character.

The ecological brick presents itself as a great alternative for reusing the agate 

powder residue, mainly because of the high silica content that is presented in this 

material. This is because silica has proven to be an interesting material to be used with 

concrete.

Silica-rich materials can be used as substitutes for traditional stabilizers such as cement 

and lime because of their high pozzolanic content. In general, pozzolanic reactions 

save energy and reduce pollution during the production of lime, cement and concrete, 

increasing the durability of these materials (Moayedi et al., 2019)

The pozzolan generally acts in concrete and mortar complementing the mixtures, 

“contributing to the increase in mechanical resistance by the physical filler effect (filling 

of empty spaces by the fine particles and consequent improvement in the density 

of the mixture), or even, by the presence of its active phases”. (Baldin; Pereira Filho; 

Baldin, 2021). “The partial replacement of cement by a pozzolanic material makes the 

concrete less susceptible to cracking (related to shrinkage) and also ensures a more 

resistant and durable transition zone” (Mehtra; Folliard, 1992).
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This pozzolanic effect refers basically to the material’s ability to react with 

calcium hydroxide, a component generated by mixing cement and water in the mortar 

manufacturing process.

The effects caused by a pozzolanic material in concrete become interesting 

because the mechanical strength is the main characteristic to evaluate the practical 

application for bricks. Thus, according to NBR 8491 (Associação brasileira de normas 

técnicas, 2012) the sample of ecologic brick tested in compression test should present 

average values of compressive strength equal to or greater than 2 MPa and should not 

present individual value less than 1.7 MPa, with minimum age of 7 days.

Thus, it is noted the possibility of developing a new class of ecological bricks 

through the use of waste in its composition. 

The insertion of agate powder in the mortar of the ecological brick not only 

benefits the improvement of mechanical characteristics of the brick, but also ensures 

the product a new sustainable characteristic, through the use of a reuse component 

in its manufacture.

Thus, seeking to dispose of the waste agate powder and develop a new 

sustainable material, this study will propose the possibility of producing an ecological 

brick based on waste.

With this, the main objective of the research will be to evaluate the feasibility of the 

proposed product through the evaluation of its mechanical strength characteristics. 

2 METHODOLOGY

The first stage of the methodology was based on a bibliographic research of the 

theme, aiming at the possibilities of using the available residue and, later, of its possible 

practical application.

Through studies of agate powder and the emphasis on its pozzolanic characteristic, 

due to the high silica content, the viability of its use in the area of civil construction was 

highlighted, considering the important improvement of mechanical characteristics that 
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materials rich in silica cause in cementitious materials.

With this, the interest in developing a material with a sustainable focus was also 

taken into account, since the beginning of the study was based on the reuse and adequate 

destination of a residue discarded in large quantities in the research region.

Considering the civil construction sector, the ecological brick has stood out within 

the context of reuse and sustainability, a product that already has environmentally friendly 

characteristics and allows the combination of agate powder with cement for its confection.

Figure 1 – Agate powder

Source: Authors (2023)

After defining the material to be developed using the agate powder residue, the 

method to be followed was then defined in order to enable the production of the new 

proposed material. 

In Figure 1 it is possible to see the appearance of the residue used in the study.

Given the main interest of developing a material as sustainable as possible, it was 

defined that the composition of the ecological brick would have only 3 components, 

not using for its manufacture any aggregate other than the agate waste. Thus, the 

defined composition counted only with cement, agate powder and water.
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In order to perform subsequent compression tests, the bricks were initially 

produced in the format of cylindrical samples to suit the test format standardized 

by NBR 5739 (Associação brasileira de normas técnicas, 2018), which defines the 

parameters for compression tests on ecological bricks.

According to NBR 5739 (Associação brasileira de normas técnicas, 2018), 

cylindrical samples for compression tests should have a diameter between 5 cm, 10 

cm, 15 cm, 20 cm, 25 cm, 30 cm or 45 cm and the height of the specimens should have 

twice their diameter. In this study, the molds used were 5 cm in diameter and 10 cm in 

height, as shown in Figure 2. 

Figure 2 – Cylindrical mold

Source: Authors (2023)

To define the proportions, considering an initial evaluation, it was decided to use 

a 1:1 mixture for the solid waste. Therefore, the final composition had the same amount 

of waste and cement. The cement used was CPII -F32, Votoran all works.

Considering the dimensions of the mold, 100 grams of cement and 100 grams of 

agate powder were used to make the samples. The water was added to the mixture little 

by little, in order to obtain a homogeneous mixture.

The mixing of the components was done manually and the drying, following the 

standard for ecological bricks, was done naturally, without the use of equipment.

Following the recommendations of NBR 5739 (Associação brasileira de normas 

técnicas, 2018), the molds and their bases were internally coated with a thin layer of 
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Singer® lubricating oil with ASTM D 287 density: from 0.850 to 0.860 g/cm³.

Aiming to analyze the mechanical capacity of the developed brick, compression 

tests were performed on the specimens produced in 4 different drying times in order 

to evaluate their mechanical strengths.

The drying times considered for the analysis were 7, 14, 21 and 28 days, and a 

total of 4 compression tests were performed, obtaining a resistance profile over time.

The compression tests were performed according to NBR 8492 (Associação 

brasileira de normas técnicas, 2012), which defines that the machine used must be 

equipped with two steel support plates that act on the upper face of the sample, in 

addition to ensuring uniform distribution of stresses to the sample and be able to 

transmit the load progressively and without shocks.

The sample to be tested should have flat faces so that there is perfect contact 

between the surfaces. The sample should be placed directly on the bottom plate of 

the testing machine and the load applied at a uniform rate of 500 N/s (500 kgf/s). After 

starting the test, the load should be gradually increased until the sample ruptures.

 The individual compressive strength values obtained by means of the test, 

expressed in megapascals (MPa). The compression tests for this analysis were performed 

using the Alfred J. Amsler& Co. Figure 3 shows the physical aspect of the sample

Figure 3 – Cylindrical sample

Source: Authors (2023)
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For the development of the study, 4 ecological agate powder bricks were made in 

the format of cylindrical samples. Each sample corresponded to a different curing time, and 

compression tests were performed on samples with curing times of 7, 14, 21 and 28 days.

Figure 4 – Resistence of agate powder brics

Source: Authors (2023)

After the compression tests, it was possible to obtain the strength profile of 

the brick over the maturation time, a behavior that can be seen in figure 4, where AG 

corresponds to agate.

In the image it is observed that the agate powder brick presented an increase in 

resistance in the period from 7 to 14 days of aging. However, after 21 days there was 

a decrease in resistance, a decrease that was also observed in the period between 21 

and 28 days.

Below, in Table 1, are the strength values obtained for each aging time.

Table 1 – Mechanical resistances in MPa

7 days 14 days 21 days 28 days

7,64 11,15 10,39 8,71

Source: Authors (2023)
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The NBR 8491 (Associação Brasileira de Normas Técnicas, 2012) defines that the 

individual values of compressive strength for ecological bricks should be equal to or 

greater than 1.7 MPa, with a minimum age of 7 days. Analyzing the individual results of 

compressive strength obtained in the tests, we see that all samples presented values 

well above the values defined by the standard. The highest resistance value occurred 

in the 14 day aging period.

3 FINAL CONSIDERANTIONS

The development of ecological brick composed of concrete and agate powder 

proved to be feasible both considering its physical characteristics such as appearance 

and homogeneity, and with respect to its mechanical characteristics.

The physical aspect of all samples was very satisfactory, showing structural 

consistency and usability of the developed product.

When dealing with the mechanical characteristics, the main point to be analyzed, 

it can be observed that all strength values obtained were well above those proposed 

by NBR 8491 (Associação brasileira de normas técnicas, 2012) for ecological bricks, 

proving the great potential of this composition for practical applications.

Considering the obtained results, it is possible to see the feasibility of the 

agatepowder ecological brick, showing that the reuse of this waste enables not only 

the development of a new class of ecological bricks, but also an extremely useful 

destination for a waste until then without proper purpose.

The production of ecological bricks composed of elements from reuse also 

ensures the product a more sustainable character, due to its composition and its 

subsequent disposal, which will causeless damage to the environment.



Rosa, E. da; Neres, M. A. C.; Vieira, M. C. C.; Kremer, I. dos S; Boita, J; Maldaner, S. | 11

Ci.e Nat., Santa Maria, v. 45, spe. n. 1, e84073, 2023

REFERENCES

ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. ABNT. NBR 5739: concreto – ensaios de 
compressão de corpos de prova cilíndricos, 2018.Disponível em: https://www.studocu.com/pt-
br/document/universidade-federal-do-reconcavo-da-bahia/materiais-de-construcao-ii/nbr-5739-
2018-concreto-ensaio-de-compressaode-corpos-de-prova-cilindricos/19436090. Acesso em: 10 
mar. 2023.

ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. ABNT. NBR 8491: tijolo de solo-cimento – 
requisitos, Rio de Janeiro, 2012. Disponível em: https://www.alroma.com.br/uploads/arquivos_
documentos/NBR_8491_-_Norma_Tijolo_de_Solo_Cimento_Requisitos_-_Alroma.pdf. Acesso em: 
10 mar. 2023.

ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. ABNT. NBR 8492: tijolo de solo - cimento – análise 
dimensional, determinação de resistência à compressão e da absorção de água – método de ensaio, 
Rio de Janeiro: 2012. Disponível em: https://www.alroma.com.br/uploads/arquivos_documentos/
NBR_8492_-_Norma_Tijolo_de_Solo_Cimento_-_Resist%C3%AAncia_e_Absor%C3%A7%C3%A3o_-_
Alroma.pdf. Acesso em 10 mar. 2023.

BALDIN, C. R. B.; PEREIRA FILHO, J. I.; BALDIN, V. Estudo da influência da substituição do cimento 
Portland por resíduo de cerâmica vermelha na fabricação de placas de fibrocimento. Revista 
Matéria, Rio de Janeiro, v. 26, n. 1, 2021. Disponível em: https://www.scielo.br/j/rmat/a/QnpBrKYW
W8jdCh4768xfnXJ/?format=pdf&lang=pt. Acesso em: 3 maio 2023.

BETAT, E. F. Concretos produzidos com resíduos do beneficiamento de ágata: avaliação da 
resistência à compressão. 2006. Dissertação (Mestrado em Engenharia Civil) – Universidade 
Luterana do Brasil, Canoas, 2006. 

BRASIL. Conselho Nacional Do Ministério Público. Comissão do Meio Ambiente. Diretrizes para 
valoração de danos ambientais. Brasília, DF: Biblioteca do CNMP, 2021. Disponível em: https://
www.cnmp.mp.br/portal/images/Publicacoes/documentos/2021/DIRETRIZES-PARA-VALORACAO-
DE-DANOS-AMBIENTAIS_compressed1.pdf. Acesso em: 25 mar. 2023.

BRASIL. Lei nº 13.305, de 2 de agosto de 2010. Institui a Política Nacional de Resíduos Sólidos; 
altera a Lei nº 9.605, de 12 de fevereiro de 1998; e dá outras providências. Brasília, DF: Presidência 
da República, 2010. Disponível em: https://www.planalto.gov.br/ccivil_03/_ato2007-2010/2010/lei/
l12305.htm. Acesso em: 3 maio 2023.

COSTA, R. M. da; JORNADA, M. I. H. da. Arranjo Produtivo de Pedras, Gemas e Joias do Alto 
da Serra do Botucaraí. Relatório II. Porto Alegre: FEE, 2015. Relatório do Projeto Estudo de 
Aglomerações Industriais e Agroindustriais no RS. Disponível em: https://arquivofee.rs.gov.br/
wp-content/uploads/2016/07/20160721pedras-gemas-e-joias-relatorio-ii.pdf. Acesso em: 14 mar. 
2023.

FRANÇA NETA, M. de L. X. de. et al. Avaliação da reatividade ao ataque químico de resíduo oriundo da 
mineração da scheelita utilizado como agregado em argamassas cimentícias. Revista Engenharia 
Sanitária Ambiental, Mossoró, v. 26, n. 6, p. 1135-1142, nov./dez. 2021. Disponível em: https://
www.scielo.br/j/esa/a/mvCkqnRdBBVRt3RfGNFfMRh/?format=pdf. Acesso em: 5 maio 2023.



Ci.e Nat., Santa Maria, v. 45, spe. n. 1, e84073, 2023

| Utilization of agate powder residue for manufacturing ecological bricks12

IPCC. Painel Intergovernamental sobre Mudanças Climáticas. AR 6 (2021). v.6, p. 1-2409, 2021. 
Disponível em: https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/sirene/publicacoes/relatorios-
do-ipcc/arquivos/pdf/IPCC_mudanca2.pdf. Acesso em: 15 mar. 2023.

MEHTRA, P. K.; FOLLIARD, K. J. Rice Husk Ash-a unique supplementary cement material: durability 
aspects. In: INTERNATIONAL SYMPOSIUM ON ADVANCES IN CONCRETE TECHNOLOGY, 154., Las 
Vegas. Proceedings [...]. Atenas: Symposium Paper, 1995. p. 531-542. Disponível em: https://www.
concrete.org/publications/internationalconcreteabstractsportal.aspx?m=details&id=968. Acesso 
em: 20 maio 2023

MICHELIN, C. R. L. et al. Depósitos de ágata e de opala no estado do Rio Grande do Sul. In: JELINEK, 
A. R. Contribuições à Geologia do Rio Grande do Sul e de Santa Catarina. Porto Alegre: 
Compasso Lugar-Cultura, 2021. p. 355-370. Disponível em: https://lume.ufrgs.br/bitstream/
handle/10183/221977/001126536.pdf?sequence=1&isAllowed=y. Acesso em: 6 maio 2023.

MOAYEDI, H. et al. Applications of rice husk ash as green and sustainable biomass. Journal of 
Cleaner Production, v. 237, nov. 2019. Disponível em: https://www.sciencedirect.com/science/
article/pii/S0959652619327210?via%3Dihub. Acesso em: 25 mar. 2023.

SILVA, R. de A.; SCHNEIDER, I. A. H. Geração de Resíduos no Processamento de Ágatas. Revista de 
Engenharia Civil IMED, Passo Fundo, v. 2, n. 1, p. 11-16, 2015. Disponível em: https://seer.atitus.
edu.br/index.php/revistaec/article/view/778/581. Acesso em: 30 mar. 2023.

Authorship contribution

1 – Eloisa da Rosa
Master’s degree in Mechanical Engineering
https://orcid.org/0000-0002-4709-8717 • eloisa.darosa19@gmail.com
Contribution: Writing and preparation of the work 

2 – Matheus Amancio Correa Neres
Degree in progress in Mechanical Engineering
https://orcid.org/0009-0009-8921-3910 • matheus.neres@acad.ufsm.br
Contribution: Writing and preparation of the work 

3 – Maria Cecília Caldeira Vieira
Degree in progress in Electrical Engineering
https://orcid.org/0009-0005-5856-2852 • vieiraceci4@gmail.com
Contribution: Writing and preparation of the work 



Ci.e Nat., Santa Maria, v. 45, spe. n. 1, e84073, 2023

| Utilization of agate powder residue for manufacturing ecological bricks13

4 –  Ingridi dos Santos Kremer
Undergraduate student in Electrical Engineering 
https://orcid.org/0000-0001-8905-5005 • Ingridikremer@hotmail.com
Contribution: Writing and preparation of the work 

5 –  Jocenir Boita

Physics, PhD in Physics
https://orcid.org/0000-0002-1433-3610 • jocenir.boita@ufsm.br
Contribution: Writing and preparation of the work 

6 –  Silvana Maldaner
Physics, PhD in Physics
https://orcid.org/0000-0001-9060-4614 • silvana.maldaner@ufsm.br
Contribution: Writing and preparation of the work 

How to cite this article

ROSA, E. da; NERES, M. A. C.; VIEIRA, M. C. C.; KREMER, I. dos S.; BOITA, J.; MALDANER, S. 
Utilization of agate powder residue for manufacturing ecological bricks. Ciência e Natura, 
Santa Maria, v. 45, spe. n. 1, e84073, 2023. DOI 10.5902/2179460X84073 available in: https://
doi.org/10.5902/2179460X84073. Available from: https://doi.org/10.5902/2179460X84073 
Accessed in: day month abbr. year.


