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RESUMO

SILVA, LORENA ARAUJO. Instituto Federal Goiano — Campus Rio Verde — GO, margo
de 2019. Adicdo de residuo de polimento de pisos de concreto em matrizes
cimenticias. Orientador: Bacus de Oliveira Nahime. Coorientador: Michell Macedo
Alves.

No presente trabalho, buscou-se estudar o comportamento de matrizes cimenticias com
adicdo de residuo de polimento de pisos de concreto (RPPC). Este residuo, que é
inicialmente gerado na forma de lama, foi seco em estufa a 65°C até constancia em massa
para posterior realizacdo de caracterizacdes fisico-quimicas. Para este estudo, adotou-se
um programa experimental, no qual foram produzidas em laboratdrio pastas e argamassas
com adicdo de 4%, 6%, 8%, 10% e 12% de RPPC (em relacdo a massa de cimento). As
amostras de pastas foram utilizadas para analises termogravimétricas (TG), de
microscopia eletrdnica de varredura (MEV) e difracdo de raios X (DRX). As misturas de
argamassas, por sua vez, foram caracterizadas nos estados fresco e endurecido, a partir
da realizacdo de ensaios de consisténcia, compressdo direta, tracdo por compressao
diametral e absorcdo de agua por imersdo. O RPPC também foi caracterizado quanto a
sua composicao quimica e morfologia, empregando-se a técnica de fluorescéncia de Raios
X (FRX), MEV e TG. A determinacdo da composi¢cdo quimica do RPPC por FRX
identificou baixas concentracdes de materiais silicosos e aluminosos na amostra,
indicando que o residuo ndo apresenta caracteristicas pozolanicas. A elevada quantidade
de 6xido de célcio (41%) presente na amostra confirma a ocorréncia da carbonatacéo do
RPPC, em virtude de reacBes quimicas entre as fases hidratadas do concreto e 0 CO> da
atmosfera. Imagens de MEV identificaram a presenca de calcita e aragonita nas pastas
com adicdo de RPPC, os quais séo polimorfos do carbonato de célcio. A formacao destes
compostos na matriz cimenticia contribuem para a reducdo da absorcdo de agua por
imersdo e melhoria do desempenho mecanico das misturas, uma vez que promovem 0
fechamento dos poros (efeito filler) e aceleram as taxas de hidratacdo dos componentes
do cimento. Os padrdes de DRX mostram que a incorporagdo de RPPC em matrizes
cimenticias induz a formacédo de carbonaluminatos, como o hemicarbonato.

PALAVRAS-CHAVES: residuo de pasta cimenticia; microestrutura de matrizes
cimenticias; carbonato de calcio; sustentabilidade.



ABSTRACT

SILVA, LORENA ARAUJO. Instituto Federal Goiano — Campus Rio Verde — GO,
March de 2019. Addition of concrete floor polishing residue in cementitious matrices.
Adviser: Bacus de Oliveira Nahime. Co-adviser: Michell Macedo Alves.

In the present work, the cementitious matrices behavior incorporating concrete floor
polishing waste (CPFW) was studied. The waste, that is initially generated as a sludge,
was oven dried at 65°C until mass constancy for subsequent physical-chemical
characterization. For this study, an experimental program was adopted. Pastes and
mortars incorporating 4%, 6%, 8%, 10% and 12% (in relation to cement mass) of CFPW
were produced and tested. Pastes samples were used for thermogravimetric (TG),
scanning electron microscope (SEM) and X-Ray diffraction (XRD) analysis. Mortars
mixtures were characterized at fresh and hardened states by flow table, compression and
splitting tests, and immersion water absorption. CFPW was also characterized in terms of
its chemical composition and morphology, using X-Ray Fluorescence (XRF) technique,
SEM and TG. XRF of CFPW powder indicated siliceous and aluminous materials low
concentrations in sample, indicating no pozzolanic activity of the waste. High
concentration of calcium oxide (41%) in the sample confirmed the occurrence of CFPW
carbonation, due to the chemical reactions of the hydrated phases with CO: in the
atmosphere. SEM images identified calcite and aragonite presence in the pastes
containing CFPW, which are calcium carbonate polymorphs. These compounds
formation in the cementitious matrices contributes to the immersion water absorption
reduction and improves the mechanical performance of mixtures, since they promote the
pores filling (filler effect) and accelerate the hydration rates of cement compounds. XRD
patterns showed that the CFPW incorporation in cementitious matrices induced the
carboaluminates formation, as hemicarbonate.

KEYWORDS: cementitious hardened paste waste; cementitious matrices microstructure;
calcium carbonate; sustainability.



1. INTRODUCAO

A construcdo civil destaca-se por ser um setor que emprega grandes quantidades
de recursos naturais e também por gerar elevados indices de residuos. Estima-se que a
producdo de residuos de construcao civil e demolicdo (RCD) no Brasil seja da ordem de
70 milhdes de toneladas ao ano, indicando uma producéo de aproximadamente 500 kg de
residuo por pessoa [1]. Em um panorama global, a geracdo de RCD’s foi superior a 3
bilhGes de toneladas ao ano em dados analisados até 2012, com perspectivas de
crescimento para 0s anos seguintes [2].

Embora haja elevada heterogeneidade na composicdo dos RCD’s, sabe-se que
85% dos residuos sdo compostos por materiais ceramicos (concreto, argamassa,
elementos de alvenaria), os quais sao relativamente inertes em condi¢des ambientais [3].
No entanto, seus volumes e pesos elevados acarretam problemas relacionados a
disposicdo final do material, uma vez que demandam grandes areas para descarte. No
Brasil, o gerenciamento destes residuos é normalmente realizado de forma errbnea,
havendo numerosos depositos clandestinos de RCD [4]. As praticas de despejo de RCD’s
em areas urbanas, em cursos d’agua, de incineragdo e de mistura com lixo doméstico sdo
inadequadas e acarretam problemas econémico-financeiro para a administragdo publica
[5, 1].

Em virtude dos impactos ambientais ocasionados pelo setor, o Conselho
Nacional do Meio Ambiente (CONAMA) criou a resolugdo 307 em 2002, na qual
estabelece diretrizes com o objetivo de minimizar os impactos ambientais gerados pela
construcdo civil. Com esta resolugéo, os geradores de residuos devem adotar préaticas que
visam a reducdo, reutilizacdo, reciclagem, tratamento e disposicdo correta dos RCD’s [6].

Em contrapartida aos problemas gerados, destaca-se o desenvolvimento de

pesquisas na busca por solu¢des que minimizem os impactos ambientais gerados pelo
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setor da construcdo civil. Tem-se constatado que a reinsercdo de materiais antes
descartados no ciclo produtivo permite a reducao da extracdo de novos recursos naturais
e também a diminuicdo da quantidade de materiais destinados aos aterros sanitarios. Uma
outra pratica importante consiste em buscar materiais alternativos que possam substituir
outros que sdo comumente empregados, mas que geram grandes impactos ambientais na
sua producdo. Cita-se, como exemplo, a substituicdo do cimento Portland por residuos
pozolanicos.

Neste contexto, a construgdo civil apresenta potencialidade para absorver grande
parte dos residuos que produz e também de outros setores, como por exemplo, dos
agroindustriais. Alguns materiais antes descartados ja se mostraram eficientes para
producdo de materiais de construcdo, como a cinza do bagaco de cana de agucar, cinza da
casca de arroz, residuos de pneus, dentre outros [7-9]. Os RCD’s também tém sido
amplamente estudados, sobretudo para emprego como agregados reciclados em
substituicdo aos naturais [10, 11].

Os residuos de concretos convencionais destacam-se por apresentar em sua
composicao o cimento Portland, que € um material aglomerante com boas caracteristicas
de desempenho mecanico e de durabilidade. No entanto, durante a producdo deste
material utiliza-se grandes quantidades de recursos naturais e ha a emissao de grande
volume de gas carbdnico para a atmosfera. Desta forma, descartar residuos que
apresentam em sua composi¢do o cimento Portland é inviavel do ponto de vista ecoldgico
e econémico.

Durante a producdo de pisos de concreto, residuos cimenticios sao gerados, uma
vez que no processo de polimento, discos abrasivos sdo utilizados para lixar a superficie
do piso e garantir maior durabilidade e qualidade estética ao produto. Para evitar a
suspensdo do pé durante a lapidacdo, todo o processo € realizado na presenca de agua.
Assim, o residuo é gerado na forma de lama, constituida por &gua e residuos do
microconcreto utilizado na fabricacdo do piso.

Os pisos de concreto séo empregados em locais de grande circulagcdo de pessoas,
devido a sua alta resisténcia superficial e durabilidade. Desta forma, sdo utilizados em
shoppings centers, galpdes industriais e universidades, locais esses que normalmente
possuem areas relativamente amplas. Com isso, 0s custos relacionados ao transporte para
disposicdo final do residuo da lapidagdo podem encarecer o processo produtivo,
ressaltando a importancia da busca por solugdes que minimizem tais custos.

Estes residuos contribuem para o agravamento dos problemas ambientais



16

decorrentes da elevada quantidade de RCD’s gerados pelo setor, uma vez que os locais
para disposic¢do final de residuos estdo se tornando escassos. Ressalta-se ainda que, apds
a secagem da lama, o residuo transforma-se em um po6 fino de baixa massa especifica,
sendo facilmente carregado pelo ar, podendo contribuir com a contaminacdo atmosférica.

A importancia de encontrar solucdes para a destinacdo dos residuos gerados nas
atividades da construgdo civil e desenvolver o uso sustentdvel dos recursos naturais
suscitou o desenvolvimento desta pesquisa. Neste trabalho, avalia-se a viabilidade da
adicdo de residuos do polimento de pisos de concreto (RPPC) em matrizes cimenticias,
com o objetivo de reduzir o volume de entulhos gerados pelo setor da construgdo civil a
partir da reutilizacdo do material.

Para este estudo, foram realizados ensaios de caracterizacdo da microestrutura
de pastas de cimento Portland com adi¢éo de 4%, 6%, 8%, 10% e 12% de RPPC. Também
foi analisado o desempenho mecénico de argamassas com adi¢do do residuo, a fim de
avaliar a viabilidade técnica do emprego deste estudo.

1.1 Justificativa

Os pisos de concreto séo solugdes comumente empregadas em locais comerciais
em que ha elevada circulacdo de pessoas e veiculos. No polimento destes pisos, estima-
se a geragdo de 9,5 kg de residuo na forma de lama por m2 de piso lapidado (Figura 1).
Considerando que essas solucdes sdo normalmente utilizadas em locais amplos, admite-
se que 0 montante de residuo gerado seja expressivo, considerando a demanda de

atividades de coleta, acondicionamento, transporte e disposicao final.

Figura 1. Lama proveniente do polimento de pisos de concreto.
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Com a secagem do material, a massa de residuo reduz para a taxa de 4 kg de
RPPC por m? de piso lapidado (Figura 2). No entanto, ainda assim justifica-se a realizagdo
deste estudo em virtude ndo apenas do montante de residuo gerado, mas também pela
busca por solucdes que reduzam custos de atividades que ndo agregam valor ao produto
final. No local onde foi realizada a coleta do residuo para este estudo, foi feito o polimento
de 4420 m2 de piso de concreto, que gerou aproximadamente 42 ton de residuo na forma

de lama e 17,7 ton de residuo na forma de po.

Figura 2. Residuo do polimento de pisos de concreto na forma de p6.

Com o agravamento dos problemas ambientais, a busca por solugdes que
minimizem a geracdo de residuos se faz necessaria. Uma alternativa viavel consiste em
reutilizar materiais antes descartados em outras aplicacGes. Desta forma, o residuo, que
seria destinado a aterros sanitarios ou outros locais, é reconduzido para o ciclo produtivo,
reduzindo a formacéo de entulhos.

Encontrar o destino adequado para reutilizacdo destes residuos ainda € um
desafio, visto que o emprego dos mesmos ndo pode comprometer as caracteristicas de
desempenho que séo requeridas dos materiais convencionalmente utilizados. Destaca-se,
portanto, a importancia da realizacdo de pesquisas que estudem os materiais de sobras da
construcdo civil e suas propriedades, promovendo melhor entendimento dos mesmos para

outras possiveis aplicagdes.

1.2 Microestrutura de pastas cimenticias

No processo de producdo do cimento Portland s&o utilizadas como matérias-

primas bésicas o carbonato de célcio e as argilas. O carbonato de célcio, normalmente
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obtido a partir da extracdo de calcarios, é descarbonatado no processo produtivo, obtendo-
se 0 Oxido de célcio. J& os materiais argilosos sdo empregados como fonte de silica,
alumina e Oxido de ferro. Estes dois ultimos agem como elementos fundentes,
possibilitando a obtencéo dos silicatos de calcio a temperaturas mais baixas [12].

Estas matérias-primas ao serem calcinadas a temperatura de aproximadamente
1500°C formam o clinquer, que posteriormente é moido com a gipsita para formacdo do
cimento Portland. Desta forma, as fases majoritarias do grdo de cimento sdo: silicato
tricalcico (alita), silicato bicalcico (belite), aluminato tricalcico e ferroaluminato
tetracalcico [12], cujas férmulas quimicas e abreviagdes utilizadas na area da engenharia
civil estdo apresentadas na Tabela 1.

Tabela 1. Componentes do clinquer.

Composto Formula Quimica Abreviagdo
Silicato Tricalcico 3Ca0.Sio; CsS
Silicato Bicélcico 2Ca0.Si0; C.S
Aluminato Tricélcico 3Ca0.Al,03 CsA
Ferroaluminato Tetracalcico 4Ca0. Aly03.Fe;04 C.AF

Além destas fases majoritarias, outras fases minoritarias também sdo
encontradas no cimento Portland, como 6xido de magnésio (MgO), cal livre (CaO) e
outros alcalis (K20 e Na20O). A varia¢cdo na concentracao destes diferentes componentes
e nas suas caracteristicas fisicas permitem a fabricacdo de diferentes tipos de cimento,
adequados para aplicacdes distintas [13].

O cimento Portland de elevada resisténcia inicial, por exemplo, é produzido
elevando-se a quantidade de alita e reduzindo a finura do grdo de clinquer no processo de
moagem [13]. De acordo com as especificacbes da ASTM C 150 [14], este cimento €
denominado de cimento tipo Il (Type Il cement / High early strength). No Brasil, a
Associacdo Brasileira de Normas Técnicas (ABNT) classifica este cimento como sendo
do tipo V, em concordancia com a NBR 16697 [15], apresentando resisténcias superiores

a 34 MPa apds 7 dias de cura.

1.2.1 Silicato Tricalcico

A fase cristalina do CsS possui estrutura tetraédrica, sendo que o atomo de silicio
ocupa o centro desse tetraedro e 0s atomos de oxigénio, os veértices [12]; os quais sdo

conectados ao poliedro de Ca-O [16]. Devido a distor¢des dessa estrutura, encontram-se
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0s seguintes polimorfos desta fase: triclinica (T1, T2, T3), monoclinica (M1, M2, M3) e
romboédrica (R). O polimorfismo da alita é funcdo da temperatura de estabilizacéo,
conforme ilustra Figura 3 [13]. O silicato tricalcico produzido em laboratério corresponde
ao polimorfo T1[17]. Nos clinqueres, os polimorfos mais comuns sdo 0os My e M3, devido

a incorporagéo de ions externos [13].

6208C 9208C 9808C 9908C 1060%C 10708¢C
1 &2 &= 3 =M ——M; > Mz —

Figura 3. Polimorfismo do silicato tricalcico.

As principais diferengas entre os polimorfos M1 e M3z estd em suas orientagdes
Opticas e birrefringéncia [18]. A birrefringéncia € uma propriedade dos materiais que
possuem indices de refracdo que variam de acordo com a dire¢do analisada [19]. M3
apresenta birrefringéncia duas vezes maior que M1 [20].

Maki e Goto [21] observaram que misturas de clinquer com maiores
concentragdes de MgO levam a formagdo do polimorfo M3 e misturas com maiores
concentracOes de trioxido de enxofre (SOs3) induzem a formacdo do polimorfo M1. No
entanto, como a temperatura de producdo do clinquer apresenta influéncia significativa
na formacdo dos polimorfos, pode-se obter a formacdo do Mz em misturas com baixa
concentracdo de MgO, elevando-se a temperatura de queima (1600°C).

Estudos realizados por Courtial et al [22] mostraram que a identificacdo da
natureza dos polimorfos da alita presentes no clinquer pode ser realizada a partir de
analises de padrdes de difracdo. Segundo os autores, nos angulos de difracdo entre 31,5°
- 33,5° e 36,0° - 38°C, tem-se picos caracteristicos que permitem a diferenciacdo dos
polimorfos M1, M2 e M3, conforme Figura 4. Observa-se que, em ambos os intervalos de
difracdo, os picos do polimorfo Mz encontram-se deslocados para a direita em relagdo aos

picos de difracdo dos demais polimorfos.
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Figura 4. Picos de difragdo dos polimorfos M1, M2 e M3 [22].
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Picos caracteristicos que permitem a identificacdo dos polimorfos da alita
também séo encontrados na faixa de difracdo entre 51° - 52° [18]. Conforme Figura 5,
neste intervalo, o polimorfo M; apresenta em seu padrao de difracdo picos duplicados,

enquanto M3 possui pico unico.

M1 M3+M1 " M3
Mmook
e Ll LA

51 52 51 52 91 52
Figura 5. Picos de difracdo dos polimorfos M1 e M3 [18].

Os arranjos irregulares do oxigénio em torno do célcio na estrutura do CsS geram
vazios estruturais, que justificam a elevada reatividade da alita [12]. A taxa de reacdo do
C3S pode ser modificada a partir de alteragdes nos parametros cristalinos do material e
também pela dissolucdo de substancias quimicas na composic¢ao da mistura. A dissolucao
de cloretos acelera as reacfes de hidratacdo da alita; enquanto fosfatos, boratos e sais
geram retardo. O carbonato de calcio, por sua vez, quando é finamente dispersado na dgua
de amassamento aumenta a reatividade desta fase [17].

Quanto a reatividade dos polimorfos M1 e Mz, Morales [23] constatou que a fase
M1 possui maiores defeitos estruturais que Ms, sendo portando de maior reatividade.
Stanek e Sulovsky [20] estudaram a influéncia da presenca dos polimorfos M1 e M3 na
resisténcia do cimento Portland. A estabilizacdo dos polimorfos foram realizados
alterando-se as concentracbes de MgO e SOz na producdo do clinquer. Além de
confirmarem a grande influéncia da quantidade destes compostos na modificacdo dos
polimorfismos da alita, os autores observaram melhores desempenhos mecanicos nas

pastas em que houve a transformacéo do polimorfo M3 para M.

1.2.2 Silicato Bicalcico

O clinguer é normalmente constituido por 15% - 30% de silicato bicalcico [24].
Esta fase possui cinco polimorfos, sendo que apenas o tipo y é estavel a temperatura
ambiente. Os demais polimorfos, denominados de a (hexagonal), a’. (ortorrdmbica), o’

(ortorrdmbica) e B (monoclinica), sdo estaveis apenas a temperaturas elevadas [25, 13].
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A Figura 6 apresenta as estabilizacbes dos polimorfos do silicato bicalcico em
fungéo da temperatura. Dentre os polimorfos de C.S apresentados, os o sd3o os mais

reativos, os 3 apresentam baixa reatividade ¢ os y sdo praticamente inertes [16].

14252C , 1160°C f630—6309|3 <5008C
o Oy ay, B Y

Figura 6. Polimorfismo do silicato bicélcico.

O beta-silicato de calcio (B- C.S) é a belita mais comumente encontrada em
clinqueres. Essa estrutura, apesar de também apresentar irregularidade, possui menores
vazios estruturais que a alita, sendo, portanto, de menor reatividade [12]. Desta forma,
cimentos que apresentam maiores concentracdes de belita, apresentam menores de taxas
de reacdo e, portanto, menores ganhos de resisténcia em pequenas idades [26].

No entanto, quando comparado ao CsS, o C,S requer temperaturas menores de
calcinagdo, possibilitando a reducdo da temperatura de sintese do cimento Portland
qguando adicionado em elevadas quantidades [26]. Além disso, as matrizes cimenticias
produzidas com cimento ricos em belita apresentam maior durabilidade que aquelas

produzidas com cimento Portland convencional.

1.2.3 Aluminato Tricéalcico

O aluminato tricalcico corresponde a aproximadamente 10% do clinquer [27].
Esta fase ndo possui polimorfismo na sua forma pura [13]. No entanto, a presenca de ions
externos possibilita a formacdo de polimorfos com forma cubica, ortorrémbica e
monoclinica, estando a reatividade das mesmas relacionada a quantidade e tipos de ions
presentes [17]. Normalmente apresenta sua estrutura quimica modificada pela
substituicdo dos atomos de aluminio e calcio por Na*, Si*4, Fe™®, Mg*? ou K* [27].

Dentre as fases majoritarias presentes no clinquer, esta é a de maior reatividade.
Segundo Mondal e Jeffery [28], tal comportamento pode ser justificado pela presenca de
energia potencial armazenada na estrutura do CsA, resultante da distor¢cdo do arranjo
octaédrico dos atomos de oxigénio e da ocorréncia de ligacOes curtas de Ca-O. Esta
energia auxilia no desmembramento da estrutura, quando esta entra em contato com a

agua.
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1.2.4 Ferroaluminato Tricélcico

O ferroaluminato tetracalcico corresponde a 10% - 12% do clinquer. Esta fase
de baixa reatividade apresenta pouca influéncia no comportamento mecanico de matrizes
cimenticias, favorecendo principalmente a resisténcia quimica. E este composto que
confere a coloragdo acinzentada ao cimento, estando praticamente ausente no cimento
branco [29].

1.2.5 Produtos da Hidratacdo do Cimento Portland

O aluminato tricalcico, apesar de representar uma pequena fracdo do clinquer
(10%), pode levar a pega instantanea do cimento, quando este entra em contato com a
agua. O processo de pega caracteriza-se pela perda de trabalhabilidade da mistura,
havendo a solidificacdo do material. Nestes casos, 0 C3A reage com a agua formando
fases hidratadas de aluminato de célcio [30, 31].

Com o objetivo de manter a trabalhabilidade das misturas cimenticias por
periodos maiores de tempo, adiciona-se no processo de moagem do clinquer uma pequena
porcentagem de gesso, a fim de promover o retardo das reacBes de hidratacdo do
aluminato tricalcico. Na presenca de agua, os alcalis e a gipsita presentes na mistura
entram em solugdo rapidamente, formando precipitados de trissulfoaluminato de célcio
hidratado (etringita) e monossulfoaluminato de calcio hidratado [12].

A morfologia deste material esta apresentada na Figura 7. A etringita apresenta
estrutura trigonal e pertence ao grupo das fases AFt. Imagens microscopicas indicam que
sua morfologia corresponde a cristais de agulhas finas, que sédo formadas em funcdo da
disposicao de espacos livres para precipitacdo. JA 0 monosulfato apresenta estrutura de
plaqueta hexagonal, pertencente ao grupo das fases AFm [17].

Com a formagdo destes compdsitos, tem-se a reducdo da taxa de reagdes de
hidratacdo. O entendimento de tal comportamento ainda ndo é totalmente comprovado,
destacando-se duas hipdteses principais: (1) a formacdo dos compostos hidratados nos
primeiros instantes formam barreira na superficie do gréo de cimento, que isolam a regido
ndo hidratada; (2) o consumo dos ions de sulfato e célcio desaceleram a taxa de reacdo
[30, 31].

Apos o consumo dos sulfatos, ocorre nova hidratacdo do CsA. Os cristais de
etringita tornam-se instaveis e convertem-se para a fase de monossulfato, que € a fase

final da hidratagdo dos aluminatos, conhecida como fase C-A-S-H (silico-aluminato de
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calcio hidratado) [12]. Segundo Taylor, Famy e Scrivener [32], a etringita pode
permanecer nas matrizes cimenticias por varios anos. Estudos realizados por Lothenbach
et al [33] demonstraram que a adi¢do de carbonato de céalcio (CaCOs3) estabilizam a

etringita, promovendo o0 aumento de concentracéo desta fase.

Figura 7. Morfologia da etringita e do monosulfato [12].

As reacOes de hidratacdo da fase C4AF sdo semelhantes a fase C3A. No entanto,
héa alteracGes nas taxas de reacdo, uma vez que CsAF € menos reativa [17].

As fases de silicatos hidratam-se e formam compostos com estruturas
semelhantes, que sdo denominadas de fase C-S-H (silicato de célcio hidratado), a qual é
pouco cristalina e com caracteristicas de gel rigido (gel de tobermorita) [12]. De acordo
com modelo proposto por Taylor, a estrutura desta fase assemelha-se com a combinacgéo
das estruturas da tobermorita e da jennite distorcidas. Imagens de alta resolucdo indicam
que o C-S-H possui morfologia tipo folha em periodos iniciais da hidratacdo (Figura 8) e
caracteristica compacta em idades avancadas [17].

Estudos realizados por Ciach e Swenson [34] indicaram que nas primeiras idades
(3 — 7 dias) os produtos de hidratacdo dos silicatos assemelham-se a particulas fibrosas,
as quais normalmente s&o descritas na literatura como morfologia tipo folha (foil-like).
Essa caracteristica tende a se alterar com a progressao da hidratacao das fases de silicato.
Entre 7 e 28 dias, produtos da hidratacdo com caracteristicas tabulares e estriadas
recobrem as particulas com morfologia tipo folha e, com 2 meses de hidratacéo, as fases

estriadas formadas tornam-se mais compactas.
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Cerca de 70% das reacdes do silicato tricalcico ocorrem até 28 dias de cura e
aproximadamente 100% das reacdes ocorre em 1 ano. Ja o silicato bicalcico, que é de
menor reatividade, possui menor contribuicdo para a resisténcia aos 28 dias, ja que apenas
30% de suas reacOes aconteceram neste periodo [13], conforme Figura 9. A fase C-S-H é
a que mais influencia as propriedades mecéanicas de matrizes cimenticias, representando
de 50% - 60% do volume de solidos da pasta [12].

Além dos silicatos hidratados, as reagdes do C>S e do CsS com a agua formam
o hidroxido de célcio (Ca(OH)2; CH) [12]. No entanto, a quantidade de CH produzida nas
reacOes da belita séo significativamente menores que na hidratagéo da alita [17]. Desta
forma, cimentos com alta proporcéo de belita conferem maiores resisténcias mecanicas
finais e durabilidade em ambientes &cidos e sulfatados que cimentos com alta
concentragdo de alita. No entanto, como o CsS reage mais rapidamente que o CzS, a

primeira contribui majoritariamente para a resisténcia inicial da pasta de cimento [12].
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Figura 9. Contribuicdo das fases do clinquer para a resisténcia de matrizes cimenticias [17].
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O hidroxido de célcio normalmente precipita-se na forma de cristais de
portlandita, os quais apresentam estrutura hexagonal [12]. Esta fase apresenta pouca
influéncia no desempenho mecanico de matrizes cimenticias. No entanto, é a fase mais
sollvel, que, na presenca de agua, é lixiviada. Com isso, a durabilidade do material
cimenticio fica comprometida pelo aumento da porosidade [36]. A Figura 10 apresenta
a morfologia das fases C-S-H, CH e da etringita.

Figura 10. Morfologia das fases C-S-H, CH e da etringita. [35].

As fases hidratadas do cimento Portland estdo sujeitas a carbonatacdo [37].
Neste processo, o0 CO, da atmosfera penetra por difusdo na matriz cimenticia e, na
presenca de umidade, forma o acido carb6nico, o qual reage com os componentes da
pasta, formando carbonato de célcio (CaCOs) [38].

Estudos realizados por Thiery et al [39] mostraram que a principio a fase de
hidroxido de célcio esta mais susceptivel a carbonatagéo, reagindo mais rapidamente que
a fase C-S-H. No entanto, a formacdo de uma camada de CaCOz na superficie das
particulas de CH, reduzem a taxa de carbonatacdo desta fase.

O carbonato de célcio precipita-se na matriz cimenticia na forma de aragonita,
vaterita ou calcita, as quais sdo cristalinas. A calcita é a fase mais estavel; enquanto a
aragonita e a vaterita sdo fases metaestaveis [40]. Se durante as rea¢Oes de carbonatacéo
predominar fatores cinéticos, ha a precipitacdo dos polimorfos da aragonita e da vaterita,
as quais naturalmente se transformam posteriormente em calcita. Se houver a
predominancia de fatores termodinamicos, ha a formacéo direta da calcita [37].

Em analises microscdpicas, a identificacdo dos polimorfos do CaCOs pode ser
realizada a partir da analise da morfologia dos cristais. A vaterita caracteriza-se por
apresentar cristais no formato esférico (Figura 11a); cristais na forma de bastdo séo
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caracteristicos da aragonita (Figura 11b) e cristais cubicos da calcita (Figura 11c) [41].

Figura 11. Imagens de microscopia eletrdnica de varredura: (A) vaterita; (B) aragonita; (C) calcita [40].

A carbonatacdo das fases hidratadas do cimento Portland altera a microestrutura
das pastas cimenticias. A precipitacdo dos produtos da carbonatacdo promove a redu¢do
do volume de poros, visto que os polimorfos do carbonato de célcio apresentam volumes
superiores aos das fases de compostos hidratados do cimento. A vaterita é o polimorfo
que contribui de forma majoritéaria para esse fechamento dos poros, visto que apresenta
maior variagdo de volume (Tabela 2) [37, 42]. Com a reducéo da porosidade das matrizes
cimenticias, tem-se a reducdo da permeabilidade e a melhoria do comportamento
mecanico das pastas.

Tabela 2. Propriedades dos polimorfos do carbonato de calcio [37].

Mineral Densidade (g/cm?3) Volume molar (cmd) Forma do Cristal AV (%)
Portlandita 2,23 33,20 Laminar -

Calcita 2,71 36,93 Prismatico 11,2
Aragonita 2,93 34,16 Fibroso 2,9

Vaterita 2,54 39,40 Esférico 18,7
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1.3 Cinética da hidratacdo do cimento Portland

A cinética da hidratacdo do cimento Portland pode ser analisada a partir da taxa
liberacdo de calor ao longo do tempo, uma vez que as reacoes de hidratacdo do cimento
sdo exotérmicas. A Figura 12 apresenta os estagios de evolugdo das reagdes de hidratacéo
do cimento, as quais sdo descritas a seguir, conforme Lea [17], Taylor [13] e Andrade
[43].

—
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Figura 12. Evolugéo do calor durante a hidratagdo do cimento.

Inicialmente, tem-se a fase de pré-inducdo (Fase 1), na qual uma pequena
porcentagem de CsS e C.S reagem com agua, formando uma camada de C-S-H na
superficie do grdo de cimento. Os aluminatos reagem com os sulfatos, havendo a
precipitacdo de agulhas de etringita também na superficie do grdo. Neste estagio inicial,
ha elevada liberacao de calor pela formacéo das fases hidratadas.

Em seguida, tem-se a reducdo da taxa de reacdo de hidratacdo, iniciando-se o
periodo de dorméncia (Fase 1), que ocorre pelo recobrimento da superficie do grdo do
cimento por particulas hidratadas, as quais atuam como barreira para a hidratagdo do
cimento anidro e/ou devido ao consumo dos sulfatos. A finalizacdo do periodo de inducéo
esta associada principalmente a nucleagéo da fase C-S-H.

A terceira fase corresponde ao estagio de aceleracdo das reagdes, em que a taxa
de hidratacdo da alita aumenta substancialmente, sendo as reacdes controladas por
nucleacdo e crescimento. Neste periodo, ocorre alteracdo nas caracteristicas fisicas da
mistura, uma vez que neste estagio tem-se a pega inicial e final da pasta.

Em seguida, devido a diminuic¢éo da quantidade de materiais ndo reagidos, tem-

se a desaceleracdo das reacdes (quarta fase). A fase C-S-H continua a ser formada,
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sobretudo devido as reagdes de hidratagdo do C»S, cuja contribuigdo aumenta ao longo
tempo.

Na quinta fase, observa-se um pequeno pico de liberacdo de calor relacionado a
formacgdo do monossulfato a partir da conversdo de etringita em monossulfato ou pela
hidratagdo da ferrita.

As Figuras 13a e 13b mostram, respectivamente, as taxas de hidratacdo das fases
majoritarias do clinquer e as taxas de formacdo das fases hidratadas, permitindo a
visualizacdo da contribuicdo de cada fase anidra na formacéo das fases hidratadas. Apos
o0 periodo de dorméncia, em que as rea¢des de hidratacdo ocorrem lentamente, observa-
se que a formacdo do C-S-H e CH ocorre sobretudo devido as rea¢des da alita, a qual é
majoritariamente consumida até os 28 dias de cura. Ja a belita, apesar de também formar
silicatos hidratados e portlandita, hidrata-se mais lentamente, contribuindo de forma mais

lenta para o crescimento destas fases.
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801 0.1 1 10 100 1000
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Figura 13. Cinética da hidratacdo do cimento Portland. [17].

1.4 Paralisacéo da hidratacdo do cimento Portland para procedimentos experimentais

O estudo do progresso da hidratacdo em pastas cimenticias € realizado a partir

de analises quantitativas e qualitativas dos produtos de hidratacdo formados e/ou dos



29

compostos de clinquer ndo hidratados em fungdo do tempo. Para isso, normalmente
empregam-se técnicas para paralisacdo da hidratacdo em periodos pré-determinados de
analise (7 dias, 14 dias e 28 dias), a fim de se coletar parametros que permitam o estudo
do processo de formacéo das fases de hidratacéo.

Dentre os processos de paralisagdo utilizados, o processo de eliminacéo da agua
livre da pasta a partir da substituicdo da agua por um solvente destaca-se pela sua
facilidade de execucdo e por melhor preservar os compostos hidratados da matriz
cimenticia. Neste caso, as amostras de pastas sdo umedecidas ou trituradas com o solvente
(acetona ou isoprapanol), sendo este posteriormente removido por aquecimento
controlado [17].

Apesar de este ser o processo de paralisacdo que melhor preserva as
caracteristicas da microestrutura das pastas, estudos realizados por Zhang e Scherer [44]
mostraram que alguns solventes organicos, como a acetona, ndo sao totalmente
removidos com aquecimento e que agua ligada quimicamente a alguns produtos
hidratados pode também ser removida durante o processo. Os autores observaram que a
etringita é a fase mais suscetivel ao processo de decomposi¢do quando se aplica esta

técnica.
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2. OBJETIVOS

2.1 Objetivo Geral

Estudar o comportamento de matrizes cimenticias com adi¢do de residuo de polimento

de pisos de concreto.

2.2 Objetivos Especificos

e Caracterizar o residuo do polimento de pisos de concreto quanto a sua composicao

guimica e morfologia;

e Avaliar a influéncia da adi¢do de residuo de polimento de pisos de concreto nas

propriedades fisicas e mecanicas de matrizes cimenticias;

o ldentificar as fases presentes nas de pastas cimenticias com adi¢do de residuo de
polimento de pisos de concreto a partir do emprego da técnica de difracdo de raios
X.



3. CAPITULO |

(Normas de acordo com a Revista Construction and Building Materials)

Performance of cementitious matrices incorporating concrete floor
polishing waste

ABSTRACT

Concrete floor polishing process produces large amount of sludge waste, which generates
environmental impacts and additional costs to the constructor. This work aims to evaluate
the reuse feasibility of concrete floor polishing waste (CFPW) in cementitious matrices.
Mortars and pastes with CFPW additions were produced and analyzed through
microstructural characterizations, thermal analysis and physical and mechanical tests.
CFPW increased the compressive strength and reduced the voids index of the mortars,
due to filler effect. TG curves and SEM images showed an increase of calcite content,
which leads to a higher compact surface of pastes.

Keywords: Concrete polishing waste, cement composites, sustainability, microstructural

characterization.

3.1 Introduction

Civilizations’ evolution has always been associated to the knowledge and mastery of
new materials domain. In the nineteenth century, concrete discovery represented a great
advance in the infrastructure development, considering that it allowed the construction of
durable and resistant edifications [1]. It is estimated that the current concrete consumption
is around 19 billion metric tons per year [2], which represents a consumption of more

than 2 m3 of concrete per person.
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The concrete high applicability in comparison to other materials of structural use
(wood and steel) can be justified due to its good performance when exposed to water,
easy moldability, low cost and good availability [2]. This material is commonly used for
structural elements production, such as beams, columns and slabs; and in the artifacts
manufacture, such as masonry blocks, paving blocks, curbs, posts, floors and other
applications.

Concrete floors are often used in places that receive resulting loads from people and
vehicles circulation and materials storage, as malls, sheds and airports. These floors have
abrasion and impact resistance that are necessary to maintain the durability of horizontal
subsystems when they are exposed to high traffic loads and chemical agents [3].

The microconcrete used as floor covering is commonly produced by the mixture of
Portland cement and aggregates of any mineralogical nature, which determine the
finishing condition. This material is commonly produced in mechanical mixtures and
applied in loco. After the initial resistance gain, the floor is polished manually or using
polishing machines. This process is an important finishing step, as it provides light
reflective characteristics to the floor, what improve its esthetics quality [4].

The concrete floor polishing process produces large amount of sludge waste, which
leads to additional costs to the constructor, since it must be collected and transported to
disposal sites. It is estimated that an amount of 9.5 kg of sludge is produced during the
polishing of 1 m2 of concrete floor. The concrete floor polishing waste (CFPW) is
classified as a civil construction waste from construction and reform stages.

After drying, the sludge produced during the concrete floors polishing process turns
into a fine powder, which can be harmful to human being health, due to the air pollution
increase when this waste is disposed in landfills. Considering that the concrete floor
polishing of 1 m2 generates approximately 4 kg of CFPW, it confirms the importance of
seeking for alternatives that mitigates the environmental impacts generated in this
activity.

The sludge disposal contributes to the significant indices of civil construction waste
production. In Europe, this sector is responsible for production of 46% of the total waste
generated in the continent [5]. In Brazil, the construction civil industry produces
approximately 59% of the urban solid waste [6].

Many researches have been analyzing the feasibility of reusing waste in new
materials production, in order to reinsert in the productive cycle materials that were

previously discarded. This alternative enables the reduction of natural resources
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extraction and waste generation.

Rashi et al (2017) studied the use of ceramic wastes in substitution of natural coarse
aggregates in the concretes production. The authors evaluated the mixtures properties in
the fresh and hardened state. They also analyzed the substitution percentages that
promoted higher environmental benefits. The substitution of natural by recycled
aggregates (10%, 20% and 30%) led to a reduction in the raw materials consumption,
CO. emissions decrease during the production stage and in an increase in mixtures
compressive strength [7].

Subasi, Ozturk and Emiroglu (2017) studied the feasibility of using ceramic waste
powder in substitution of Portland cement in the production of self-consolidation
concretes. The authors observed that substitutions of 5%, 10%, 15% and 20% improved
the flowability and passing ability of mixtures. However, they recommend the application
of 5%, 10% and 15% substitutions, as high percentages lead to the reduction of concrete
performance at hardened states [8].

Sharma et al (2017) investigated the concrete mixtures performance produced with
granite polishing waste. It was performed experimental tests with mixtures containing
partial substitutions (10%, 20%, 30% and 40%) of the natural aggregate by recycled. It
was observed that recycled aggregates use improved the mixtures workability and
reduced the concretes samples porosity in the hardened state. However, substitutions of
20% and 40% were not feasible for structural use, as it was noticed a reduction in mixtures
mechanical performance [9].

Mashlay, Shalaby and Rashwan (2018) studied the feasibility of using granite sludge
in cement substitution (10%, 20%, 30% and 40%) in mortars and concrete blocks
production. The authors observed that the sludge addition reduced the cementitious
matrices workability, requiring a greater amount of water to maintain the workability.
Among the percentages analyzed, the mixture containing 20% of sludge presented better
mechanical performance and lower water absorption rate in both mortars and concretes
mixtures [10].

Although many researches have been investigating the feasibility of reusing sludge
waste from ornamental activities and ceramic waste from civil construction industry,
there are not studies available in literature focusing in studying the concrete floor
polishing waste reuse. The theme relevance, especially in a society increasingly
concerned with sustainability, represents even more the necessity to approach the search

of solutions for wastes reuse that are produced in different economic sectors.
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In this context, this work aims to evaluate the feasibility of concrete floor polishing
waste reuse in cementitious matrices. For this purpose, pastes and mortars with additions
of 4%, 6%, 8%, 10% and 12% of CFPW (in relation of cement weight) were analyzed

through microstructural characterizations and physical and mechanical tests.

3.2 Material and Methods
3.2.1 Materials
3.2.1.1 Concrete Floor Polishing Waste

CFPW was obtained during the polishing process of a shed concrete floor, which
was being constructed in Rio Verde City (Goias). For concrete floor production, the
construction workers produced a microconcrete with a 1:2:0.42 cement-aggregate-water
ratio. High early strength Portland cement (Type I11) and limestone aggregates of size
between 2.36 mm and 4.75 mm were used. A mechanical machine with progressively
finer grits of diamond was used in the polishing process. In order to avoid inhalation of
produced powder, the workers sprayed water on floor, generating sludge waste.

The sludge produced was collected and stored in closed containers at room
temperature in the Materials Laboratory of Rio Verde University (UniRV). The material
was dried at 65 + 5 °C until mass constancy. The dried sludge was milled using mortar
and pestles apparatus in order to disaggregate clods. A finer material was obtained sieving
the waste in a #150 mesh. The specific surface (Blaine method) and specific gravity (Le
Chatelier method) of the CFPW used are 1031.59 m#kg and 2.14 g/cm3, respectively.

3.2.1.2 Raw Materials

High early strength Portland cement (Type Il1) in compliance with ASTM C150 /
C150M [11] was used in this work. The specific surface (Blaine method), specific gravity
(Le Chatelier method) and fineness of the cement used are 544.73 m2/kg, 3.07 g/cm?3 and
3.53%, respectively. Natural river sand of maximum size of 2.36 mm and fineness

modulus of 2.10 was used as fine aggregate in mortars’ samples production.

3.2.2 Methods
3.2.2.1 Concrete Floor Polishing Waste Characterization

X Ray Fluorescence Technique (XRF), Scanning Electron Microscope (SEM) and
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thermal analysis were used to characterize CFPW powder. XRF was used to determine
the chemical composition and CFPW concentration. The test was performed using a WDS
Bruker S8 Tiger Spectrometer.

Scanning electron microscope type EVO LS15 Zeiss equipped with secondary
electrons (SE) detectors and acceleration voltage of 15 kV was used to obtain
morphological information of CFPW powder. The specimen was coated with gold using
a sputtering process (Quorum Q150t E) to provide a conductive surface for imaging.

Thermogravimetry was used to study CFPW composition, considering sample mass
variation as a function of time and temperature. The test was performed using the SDT
Q600 Instrument, platinum crucible and nitrogen atmosphere (100 ml/min). The
measurements were carried out in an isotherm atmosphere at 35°C for 1 hour, followed

by atmosphere heating temperature up to 1000°C (heating hate = 10°C/min).

3.2.2.2 Experimental Program

Preliminary tests were performed with mortars mixtures incorporating 10%, 20%
and 30% of CFPW (in relation of cement weight) to identify the percentages that would
better contribute to improve cement matrix performance. It was observed that 10%
addition increased mortars compressive strength, while higher additions percentages
reduced mechanical performance and workability. Therefore, it was chosen the following
CFPW additions percentages to study: 4%, 6%, 8%, 10% and 12%.

Control paste (cement-water mixture) and pastes with CFPW additions (cement-
CFPW-water mixtures) were prepared in order to determine the CFPW influence in the
initial and final setting time of cementitious matrices. Hardened specimens of the pastes
(28 days curing) were used for SEM and TG analysis.

Control mortar (cement-sand-water mixture) and mortars with CFPW additions
(cement-CFPW-sand-water mixtures) were prepared and tested in the fresh state
(consistency index) and hardened state (compressive strength, splitting tensile strength,

immersion absorption).

3.2.2.3 Mortars preparation and characterization

Mortars with 1:3:0.62 cement-sand-water ratio and different CFPW percentages

(0%, 4%, 6%, 8%, 10% and 12%) were prepared for analysis. The mixtures proportions
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of the mortars are presented in Table 1. All mortars were prepared in a mechanical
mixture (30s low speed; 15s resting; 60s high speed).

Mortars workability was determined in accordance to ASTM C230 [12], using flow
table apparatus. Cylindrical specimens (50 mm x 10 mm) were molded to determine the
compression strength (7, 14 and 28 days) of the mixtures. Samples were protected with
plastic film for 24 h and, then, they were demolded and submerged in water until test day.

Control Mortars with Addition of

Mixture Proportions
Mortar 4% CFPW 6% CFPW 8% CFPW  10% CFPW  12% CFPW

PC - Type 111 (g) 625 625 625 625 625 625
CFPW (g) - 25 37.5 50 62.5 75

Sand (g) 1875 1875 1875 1875 1875 1875
Water (g) 388 388 388 388 388 388
w/c 0.62 0.62 0.62 0.62 0.62 0.62

Table 1. Mixtures Proportions of the mortars.

Compressive test was performed in compliance to ASTM C150/ C150M [11]. Thirty
samples of each mixture were molded for this analysis. Before testing, the samples surface
was regularized. Tests were performed at 7 days (10 samples/mixture), 14 days (10
samples/mixture) and 28 days (10 samples/mixture) of curing, using a hydraulic press
(INSTRON EMIC 23-300) operating at 0.25 MPa/s. Compressive test results were
evaluated using analysis of variance (ANOVA) and Tukey test.

Three samples of each mixture were used to measure water immersion absorption.
After 28 days of curing and laboratory oven drying (105°C), the mass were measured in
three conditions: dried, saturated and submerged. The data obtained were used to measure

immersion water

immersion water absorption (Eq. 2) and void index (Eg. 3); [l

absorption (%); My = dry mass (g); Mg = saturated mass (g); e = void index; M; =

submerged mass (Q) |.
- Ms - Md

25100 (Eq.2) e= ———2 (Eq.3)

==
Ms MS_Ml

3.2.2.4 Pastes preparation and characterization

The pastes mixtures proportions are presented in Table 2. Water cement / ratio (w/c)

was determined experimentally, measuring the amount of water necessary to produce
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pastes of normal consistency [13]. All pastes were prepared in a mechanical mixture (30s
low speed; 15s resting; 60s high speed). Initial and final setting times of the pastes were
determined using Vicat’s apparatus, in accordance to ASTM C 150 [11].

Mixture Control Pastes with Addition of

Proportions Paste 4% CFPW 6% CFPW 8% CFPW  10% CFPW  12% CFPW
PC - Type 500 500 500 500 500 500
CFPW (g) - 20 30 40 50 60
Water (g) 170 210 210 215 215 220
wi/c 0.34 0.42 0.42 0.43 0.43 0.44

Table 2. Mixtures Proportions of the pastes.

In order to evaluate the CFPW singly influence on the hydrate products formation,
tablets specimens (diameter: 4 mm; thickness: 3.9 mm) of pastes containing the same w/c
ratio (0.34) and different CFPW addition percentages (0%, 4%, 6%, 8%, 10% and 12%)
were molded to perform SEM and TG analysis. After 24h, the samples were demolded
and cured in water at room temperature for 28 days. In order to stop cement hydration,
the tablets were submerged in acetone for 30 minutes. After laboratory oven drying, the
specimens were packed in vacuum seals.

For SEM test, the pastes tablets were analyzed without fracture. However, the
samples were milled and sieved in #150 mesh for TG analysis. Thermal and SEM

techniques were performed according to the procedures described in 2.2.1.

3.3 Test Results and Discussion
3.3.1 Concrete Floor Polishing Waste Characterization

Fig. 1 shows CFPW thermogravimetry (TG) and derivative thermogravimetry
(DTG) curves. A characteristic peak at DTG curve can be seen from 450°C to 700°C. This
range corresponds to CO2 mass loss during the decarbonation process of CaCOs [14].
There was a mass loss of 28.48% (2.87 mg) of COg, indicating that the carbonate content

in the sample was 64.47%.
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Fig. 1. TG and DTG curve of CFPW

FRX analysis indicated low concentration of silica and silica-alumina components
(Table 3). Sugar cane bagasse ash, rice husk ash and fly ash, that are well-known
pozzolanic materials, studied by Soares et al [15], Cordeiro and Kurtis [16] and Cho, Jung
and Choi [17] presented 72.3%, 93.1% and 52.2% of SiOz, respectively.

Oxides (%) CFPW
SiO; 10.29
TiO, 0.12
Al,O3 1.88
Fe,O3 1.34
MnO <QL
MgO 8.26
Ca0O 41.00
Na,O <QL
K20 0.22
P,Os < QL
SOs 1.24

LOI (%) 36.03

Table 3. Chemical analysis of CFPW.
< LQ = below quantifiable limit; LOI = loss of ignition;

Considering that pozzolanic materials are composed of high quantity of reactive
(amorphous) silica or silica-alumina components [2, 18], the chemical results obtained
proved that CFPW will not contribute to cementitious matrices strength by pozzolanic
reactions.

The calcium oxide high percentage (41%) in FRX test and carbonates (64.47%) in
TG analysis indicates CFPW carbonation. Although the sample was stored in saturated

water in closed containers, the concrete hydrate phases reacted with CO2, forming CaCO3

[19-20].
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Fig. 2 shows the SEM photos of CFPW and Portland cement. SEM observations
indicate that CFPW particles are much smaller and more regular than cement particles.
Therefore, CFPW can improve the cementitious matrices packing density and reduce the

pores volume, as its small particles act as a pore filling [21].

Fig. 2. SEM images of (a) CFPW and (b) cement.

Comparing the materials shape, it can be observed that CFPW powder has more
spherical particles than cement. This shape contributes to the cementitious matrix
viscosity reduction, as the spherical CFPW particles act as a lubricant and facilitate the
hydrated phases grain rolling [22]. However, CFPW is a hygroscopic material, which can

decrease the cementitious matrices workability by kneading water absorption.

3.3.2 Mortars Characterization

3.3.2.1 Workability Test

Mortars containing the same wi/c ratio (0.62) and different CFPW addition
percentages (0%, 4%, 6%, 8%, 10% and 12%) were tested in a flow table apparatus to
determine the influence of concrete floor polishing waste addition in mortars workability.
Fig. 3 shows the obtained results.

Mortars workability was inversely proportional to CFPW addition. The spread on
flow table for control mortar was 256.74 mm. A non-significant reduction (0.67%) of
consistency was obtained for the mixture with 4% of CFPW, indicating that this addition
percentage does not compromise mortars performance in the fresh state.

In mixtures containing 6%, 8%, 10% and 12% of CFPW addition was observed
reductions of 4.72%, 4.93%, 5.26% and 5.4% over control mortar, respectively. Although
these addition percentages had a greater effect on mixtures workability compared to 4%,

it can be affirmed that no significant workability reduction occurred. Therefore, the



mortars fresh state performance was not significantly affected by CFPW addition.
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Fig. 3. CFPW effect on mortars workability.
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3.3.2.2 Compressive Strength
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Fig. 4 shows mortars compressive strength of the mortars after 7 days, 14 days and

28 days of curing. It can be observed that the compressive strength increased for all

mortars with curing process.

454 |7/ {7 Days
sl 14 Days
40 - 28 Days
©
& 3+ 1 &
s ], == [ == = ©
- — 1o i — g e _b' S - =
WP PERE [V = =R =
g =0 =0 AR A AV RsE—
c 7= =07 =l = =
s\ EE Ve U 1= =R =
n 7= = g =R =R =
4 e, S— 7 ¢—— £ —_— S/ —— /B —
g 20 - I s — f‘ — 7 g ] 7 — // o
7 =87 =07 e e e
- V/ ) Sm— I—1 / / — S/ — ) Sm—
7 =7 =7 B= Ve e
o = = g = s =R =
€ odeE s :EE:‘E o= =
O //,: — 7/ t—— '.0:— Y / — / S—
SN SR =R 1= =R =
s{VBE VIS 1 = = W=
% =07 =07 =07 SRy =
v = s — = e S
0 / !‘,i : 7K -—' 3 . ' .)on—-' /AR

Control

T T T T T
4% CFPW 6% CFPW 8% CFPW 10% CFPW 12% CFPW

Fig. 4. Compressive Strength Resistance Results.

After 7 days of curing, control mortar presented higher compressive strength (31.34
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MPa), followed by mortars containing 6% and 10% of CFPW (31.16 and 31.13 MPa,
respectively). The mortars with 8% and 12% of CFPW addition presented compressive
strength 8.6% and 7.6% lower compared to control mortar, respectively.

Table 4 shows the variance analysis results of mortars after 7 days of curing.
ANOVA proved that statistically at least one mortar presented significant difference from
mean values with a confidence interval of 95% (p < 0.05). Tukey test indicated that for 7
days curing, only 8% and 12% of CFPW additions influenced the mortars mechanical
performance.

After 14 days of curing, it was observed a more significant resistance gain in the
mortars with CFPW addition (2.5%, 8.3%, 11.3%, 5.7% and 4.6% of compressive
resistance gain in mortars containing 4% CFPW, 6% CFPW, 8% CFPW, 10% CFPW and
12% CFPW, respectively). Control mortar compressive strength had an increase of only
1.1%. Tukey test showed that the paste with 6% of CFPW addition showed significant
results compared to control mortar and 4%, 8% and 12% of CFPW additions mortars.
Significant discrepancy was also observed between samples with 10% and 12% of CFPW

addition.

Experimental ~ Mean  Variance Df SQ MS F  p-value
Control Mortar 3134 086 5 conGroups 5 5125 1025 12° 4.33g-07
4%CFPW 3057  0.19 5
0,
6% CFPW 3116 076 \vitinGroups 36 2039 082
8% CFPW 2864 139
2/10% CFPW 3113 0.54
Sl120CFPW 2895 105

Control Mortar 31.68 1.49
4% CFPW 31.34 1.35
6% CFPW 33.74 1.64
8% CFPW 31.86 1.23
10% CFPW 32.90 1.56
12% CFPW 30.28 0.89
Control Mortar

Between Groups 5 4835 9.67 7.09 0.000104

Within Groups 36 49.06 1.36

14 days

4% CEPW 3215 o7y CeweenGroups 5o 6997 1399 117 7.74E-07
©| 6% CFPW 3452 188 o
j:s%CFPW 36.04 050 P37 4416 119
(V]

10% CFPW 34.90 1.34
12% CFPW 36.04 1.73

33.96 0.88
Table 4. Analysis of Variance (ANOVA) of compressive strength results.
Df: degrees of freedom; SQ: sum of squares; MS: mean square;

The mortars that showed the best mechanical performance at 28 days of curing were

the mixtures with 6% and 10% of CFPW addition. Both presented the same compressive
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strength resistance (36 MPa), which is 11.9% higher than the control mortar (32.2 MPa).
All mixtures containing CFPW addition presented better performance compared to
control mortar at 28 days of curing.

ANOVA indicated that the mortars composition influenced the compressive strength
results after 28 days of curing, as p-value was lower than 0.05. Tukey test showed that
mortars containing 4%, 6%, 8% and 10% of CFPW addition statistically differs from
control mortar and no significantly difference on strength results was obtained at this
addition range.

Considering that CFPW powder has smaller particles than cement, as shown in SEM
images (specific surface of the CFPW is twice the cement specific surface), it can be
assumed that the residue fills the cement granulometry voids, promoting greater
cementitious matrix compactness and accelerating cement reactions. This filler effect
contributes to improve compressive strength performance due to the increase of
nucleation sites for cement hydration [23].

3.3.2.3 Immersion Water Absorption and Void Index

Fig. 5 shows the immersion water absorption and void index of the mortars studied.
After 72 hours of submersion in water, control mortar absorbed higher amount of water
(4.5%) than the mixtures containing CFPW powder addition. These results indicate that

CFPW contributed to the reduction of mixtures void index.
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Fig. 5. Immersion water absorption and void index results.

Fig. 6 shows the relation of compressive strength and void index of the six mortars

studied in this work. It can be observed that the compressive strength is inversely
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proportional to void index. In general, the mortar with higher voids percentage (control
mortar) had the worst compressive strength performance.
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Fig. 6. Compression strength and void index results relation.

3.3.3 Pastes Characterization

Fig. 7 shows the initial and final setting times of all pastes produced and their
corresponding w/c ratio. CFPW additions increased the water amount required for normal
consistency of pastes. Control paste was produced with a w/c ratio of 0.34, while pastes
with 12% of CFPW addition required 0.44 of w/c ratio for the same consistency. This
represents an increase of 29.4% of water content. This result was expected, as CFPW has

a high specific surface, requiring a water content increase to cover its grains.
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Pastes with 6%, 8% and 10% of CFPW addition required the same w/c ratio (0.43)
for normal consistency test. In this case, CFPW addition reduced the final setting time.
This fact can be justified by the cement reactions acceleration due to additional surfaces
for nucleation and growth of hydrate phases introduced by CPFW powder, what favors
the resistance gain [24-28]. Bentz et al [29] studies also showed that the cement hydration
rate acceleration of pastes containing CaCOs increases because of the thermal conversion
of CaCOs (aragonite) metastable polymorphs to stable polymorph (calcite).

Fig. 8 shows the TG curves of the analyzed paste. In the graphs, vertical axes were
used to identify the decomposition phases in the cementitious matrix [30 - 32]. The most
important solid phases in cement hydrate paste are calcium silicate hydrate (tobermorite;
C-S-H), calcium hydroxide (portlandite), calcium sulfoaluminate (ettringite) and clinker
(uncured grains). In addition to the solid phases, pastes of hydrated cement contain voids
and water (capillary, adsorbed, interlamellar and chemically combined). Water in large
voids is called free water; the water that is part of the composition of the hydration
products cement is called chemically combined water, which is only released with the

hydrates decomposition [2].
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Fig. 8. TG curves of (a) control paste; (b) paste with 4% of CFPW; (c) paste with 8% of CFPW; (d) paste
with 12% of CFPW.
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Free water is the first component that is lost in a thermal analysis of cement paste,
followed by hydrates (tobermorite and ettringite) dehydration from 50°C to 200°C,
calcium hydroxide dehydration from 380°C to 460°C and calcium carbonate
decomposition from 520°C to 730°C [14, 33]. In this study, calcium hydroxide
decomposition occurs at the range of 360°C to 480°C (approximately) and calcium
carbonate decomposition occurs from 550°C to 750°C.

The content of combined water, water from hydrates (tobermorite and ettringite)
dehydration, calcium hydroxide and calcium carbonate were estimated considering the
results of mass loss in each decomposition phase. The products percentage were
calculated considering stoichiometry reactions equations, described in [14]. Table 5
shows the percentage contents of cement hydration products of four pastes (control, 4%
CFPW, 8% CFPW, and 12% CFPW).

Comb. Water | Hydrates Water | CaCO3 | Ca(OH)2
Control Paste 13.58 5.59 13.76 21.27
4% CFPW 15.26 6.62 14.87 22.08
8% CFPW 14.92 6.37 16.85 21.67
12% CFPW 14.15 5.91 21.67 21.36

Table 5. Percentage content of cement hydration products of the analyzed pastes.

Table 5 shows an increase in chemically combined water in the pastes with CFPW
addition, confirming that the pastes with concrete waste had higher reactivity, favoring
hydration cement reactions. This fact is also proven by the hydrates and calcium
hydroxide increase. Among the additions percentage analyzed (4%, 8%, 12%), 4%
addition was the that better contributed to cement hydration.

The increase in portlandite content indicates that this phase was not consumed with
CFPW addition, confirming that the waste does not act as pozzolanic material. Calcium
carbonate content increased as higher CFPW percentages were added. This was an
expected behavior, since the concrete waste analyzed has a high calcium carbonate
percentage.

Pastes SEM observations confirmed the increase of calcium carbonate content.
Calcite, that is the most stable phase of calcium carbonate, generally assume
rhombohedral structure. However, other calcium carbonates structures can also be found:
scalenohedra, prism, tabular [34]. At Fig. 9, it can be observed that the paste with 4% of
CFPW addition has a higher compact surface than control paste, due to the increase of

calcite content and higher cement Portland hydration. The carbonation products
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precipitation promotes the pores reduction in the cementitious matrix, since calcium
carbonate polymorphs present higher volumes than the cement hydrated phases.

Therefore, a permeability decreases and a mechanical performance improvement occurs,

as shown by the mechanical performance of mortar in 3.2.2.

Fig . SEM imes of cotrol ast nd (b) paste With ddition of % of FP.
Fig. 10 shows SEM images of pastes containing 4% and 12% of CFPW. It can be
observed the predominance of calcite in pastes with 12% of CFPW. The presence of

ettringite in pastes containing 4% of CFPW after 28 days of curing can be justified due
to stabilization of ettringite in the presence of CaCO3[35].

Fig. 10. SEM images of paste with (a) 4% and (b) 12% of CFPW addition.

3.4 Conclusions

Physical characterizations and SEM images showed that CFPW particles are much
smaller and more regular than cement particles, indicating that CFPW addition
contributes for cementitious matrices packing. Chemical analyses indicated that the main
component of CFPW corresponds to calcite. This result was confirmed in TG curves, as
calcium carbonate content increased proportionally with CFPW additions. The increase

in portlandite content indicates that this phase was not consumed with CFPW addition,
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confirming that the waste does not act as pozzolanic material. Mortars workability was
not significantly affected by CFPW addition. Mortars mechanical tests showed that
CFPW increased the compressive strength and reduced the voids index of the mortars,
due to filler effect. The mortars that showed the best compressive resistance performance
at 28 days of curing were the mixtures with 6% and 10% of CFPW addition. Therefore,
this work showed the feasibility of reusing CFPW powder (4%, 6%, 8%, 10% and 12%)
in cementitious matrices. The CFPW reuse can be carried out in the construction site that
the waste is generated, eliminating or minimizing collection and transport costs for the
builder. This solution represents an important alternative to reduce environmental

impacts of civil construction sector.
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4. CAPITULO Il

(Normas de acordo com a Revista CERAMICA)

XRD investigation of cement pastes incorporating concrete floor polishing
waste

Utilizacdo da técnica de DRX para caracterizagdo de matrizes cimenticias
com adicao de residuo de polimento de pisos de concreto

ABSTRACT

X-ray diffraction (XRD) technique has been widely used in order to investigate anhydrous
and hydrated cement phases. In this study, XRD was used in order to analyze concrete
floor polishing waste (CFPW) and cementitious pastes containing CFPW addition. The
diffractograms obtained was compared to literature data, in order to identify the phases
of analyzed materials. Rietveld refinement of pastes containing 12% of CFPW addition
was also carried out, in order to analyze calcite and aragonite structures, as these phases
are calcium carbonate polymorphs that contribute to matrix filling. XRD pattern of CFPW
shows high carbonate phases concentration, indicating that the concrete waste was
carbonated. The CFPW content addition in cementitious matrices changed the hydrate
cement products, as it induces carboaluminate phases formation, as hemicarbonate.
Calcite, that is a stable phase, better contributes to filler effect, as its particles have higher

volume than aragonite.
Keywords: cementitious hardened paste waste, XRD qualitative analysis, Rietveld

refinement.

4.1 Introduction
X-ray diffraction (XRD) technique has been used in several works to characterize
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cementitious materials. XRD pattern allows the study of cement hydration products at
different curing ages and with different materials additions by analyzing peak positions
and relative pattern intensities[1,2,3]. Quantitative phase analysis (QPA) can be also
carried out in order to determine (hydration) cement phases’ concentration, as peak
intensity is related to weight fraction [4].

Gray cement Portland contain alite (C3S), belite (C.S), aluminate (C3A) and ferrite
(C4AF) as major phases. Silicate phases, which significantly contribute to cement
matrices strength at hardened state [5], have polymorphism as a function of temperature
stabilization. Alite has seven polymorphs [6] and belite has five polymorphs [7]. On the
other hand, pure aluminate does not exhibit polymorphism; although, composition
variation leads to structure variation [8]. The main product of hydrated Portland cement
paste is calcium silicate hydrate (C-S-H), which is formed due to alite and belite reactions
with water. This component exhibit amorphous or low crystallinity characteristics. C3S
and C,S hydration reactions also produce calcium hydroxide (portlandite), which is
crystalline and is the second main product of the hydrated paste. Ettringite and
monosulphate phases are products of aluminate and ferrite hydrations and their
concentrations are due to the hydration degree of paste and aluminate and ferrite quantity
[9]. When exposed to atmosphere conditions, CO- diffuses through the paste and reacts
with portlandite, forming calcium carbonate (CaCOs3). In this case, calcite, vaterite and
aragonite, which are CaCOs polymorphs, can also be found at hardened paste [10].

Rietveld method has been applied in order to study quantitative characteristics of
Portland cement and hydrated Portland cement paste phases [11,12]. In this method, each
data point of an experimental diffractogram is compared to a calculated pattern using a
least-square refinement. During the refinement process, parameters such as background,
scale factor, structure factor, peak profile, cell parameter, displacement and preferential
orientation are analyzed by XRD technique and Rietveld refinement which are important
tools for studies related to the waste reuse in cementitious matrices [4]. Calligaris et al
[13]characterized sugar cane straw ash (SCSA) and quantified hydrated cement phases
incorporating SCSA using XRD results and Rietveld analysis. Chen and Poon [14] also
used these techniques in order to study mortars phase formation containing sewage sludge
ash and fly ash as materials additions.

The search for wastes reuse in cement matrices is related to the environmental need
of finding solutions that mitigates the environmental impacts generated by the different

economic sectors. Civil construction generates high amount of waste during its
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construction, reform and demolition activities [15], citing, as an example, the concrete
floor polishing process. Concrete floors are solutions commonly used in malls, airports
and sheds, as they present great performance when exposed to traffic loads. In the
finishing process, the floor is polished in order to obtain a better material aesthetic quality.
This process generates sludge waste, which is commonly discarded. Considering the
economic and environmental impacts associated to the transport and waste disposal,
solutions that propose its reuse in new materials production are relevant in the current
context of sustainable development. In this context, this work aims to study the use of
XRD technique to investigate cement pastes incorporating concrete floor polishing waste
(CFPW). For this purpose, tablets of control paste and paste with 12% of CFPW addition
were analyzed in an XRD instrument. The diffractograms obtained were compared to
literature patterns and the data obtained were refined using Rietveld method, in order to

obtain qualitative information of the samples studied.

4.2 Material and Methods

CFPW was collected during the polishing process of a shed concrete floor, which
was under construction in Rio Verde city (Goias), Brazil. The microconcrete used in the
floor construction was produced by the mechanical mixture of High early strength
Portland cement (Type 111) and natural aggregates (2.36 mm — 4.75 mm) with a 1:2:0.42
cement-aggregate-water ratio. In the polishing process, a machine with diamond abrasive
grits promotes the floor refinement. Water is used in order to avoid the suspension of
produced powder. Therefore, a sludge waste composed of hardened cementitious paste
and water is generated. This material was collected and stored in closed containers at
room temperature. The sludge was dried in a laboratory oven at 65°C until mass
constancy. After drying, the sludge turns into a fine powder, which was milled in a
dispersion mixer in order to standardize the material granulometry and disaggregate
clods. Before experimental tests, CFPW was sieved in a #150 mesh and stored in closed
containers, to avoid contamination. The CFPW specific surface and specific gravity, used
in pastes production, are 1031.59 m2/kg and 2.14 g/cm3, respectively.

X-Ray Fluorescence Technique (XRF) were used to characterize CFPW powder.
The test was performed using a WDS Bruker S8 Tiger Spectrometer. Table | shows the
CFPW oxides percentage and ignition loss. Calcium oxide was the main component
present in the sample (41%). Low percentages of SiO2 (10.29%) and MgO (8.26%) were
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also observed. High loss on ignition (LOI) value (36.03%) indicates high percentage of

carbonate content in the sample.

Table. | - CFPW Chemical components and ignition loss.

[Tabela I - Componentes quimicos e perda por igni¢cdo do CFPW.]

Oxides (%) CFPW
SiO; 10.29
TiO, 0.12
Al;0O; 1.88
Fe,03 1.34
MnO <QL
MgO 8.26
CaO 41.00
Na,O <QL
K20 0.22
P20s <QL

SOs 1.24
LOI (%) 36.03

< LQ = below quantifiable limit; LOI = Ignition loss;

In order to study the CFPW addition influence in cementitious matrices, control paste

and paste with 12% of CFPW addition were produced and tested using XRD technique.

The pastes mixture proportions are presented in Table I, which were produced in

accordance to ASTM C 150 [16].

Tablets specimens (diameter: 10 mm; thickness: 4 mm) of pastes were molded. After

24 h of molding, the samples were demolded and kept submerged in water for 28 days.

For XRD analysis, the samples were immersed in acetone and dried at 65°C in a

laboratory oven for thirty minutes in order to stop cement hydration. The tablets were

stored in vacuum plastic bags until test day.

Table. 11 — Pastes Mixtures Proportions.

Mixture Proportions Control Paste  12% CFPW
PC - Type Il (g)
(specific gravity: 3.07 g/cm?) 500 500
CFPW (9) ) 60
Water (g) 170 170
w/c 0.34 0.34

The X-ray diffraction (XRD) patterns of raw materials (cement and CFPW) and

pastes were obtained using a Rigaku Ultima IV diffractometer with CuKo (1.5406 A)

radiation. XRD measurements were taken at room temperature in step-scan mode using

Bragg-Brentano, and scanning the 20 angle from 20° to 60° were performed in order to
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carry out qualitative analyzes of the raw materials (cement and CFPW) and pastes.
Rietveld refinement was performed with the experimental data of paste with 12% of
CFPW addition using GSAS software [17].The main criteria for judging the fitting quality
is the final fit of calculated pattern compared to the observed data, but the R-factors
weighted profile wRp, the statistically expected Rexp, and the goodness-of-fit indices
x* = WRp/R,,, Which are usually used to attest the fit Structural models quality of the
main phases were obtained from the ICSD database. The phases used in pastes refinement

are presented in Table IV.

Table. I11 - Structural models of the phases used in Rietveld Refinement.
Phase Chemical Formula Crystal System Notation 1CSD Code
Alite 3Ca0. SiO, Monoclinic / M3 94742
Belite 3Ca0. SiO; Monoclinic / 8 79550
Portlandite Ca(OH); Rhombohedral 15471
Etringite (CasAlx(SO4)3(OH)12.26H,0 Rhombohedral 155395
Monosulfoaluminate  CasAl,(OH)12504.6H,0 Rhombohedral 24461
Tobermorite CasSigO16(OH)2.7H20 Monoclinic 152489
Calcite CaCOs Rhombohedral 79673
Vaterite CaCoOs; Monoclinic 424575

4.3 Test Results and Discussion
Portland cement and CFPW XRD patterns: The XRD pattern of Portland Cement

Type 11 is shown in Figure 1. The diffraction angle and d-spacing values, of the most
intense peaks of cement pattern, are presented in Table V, which were used in order to
identify the main phases. The Portland cement powder studied (Type I11) contain alite,
belite, aluminate and ferrite as major crystallite phases, which corresponds to the main
components of the clinker. The main peaks of CsS are found at 29.48°, 32.22°, 32.6°,
34.4°, 41.34° and 51.72°; and C»S are found at 23° and 38.78°. It is known that alite has
seven polymorphs in function of temperature stabilization: three triclinic (T1, T2 and T3),
three monoclinic (M1, M2, M3) and one rhombohedral (R). In cement industry, the most
common alite polymorphs in clinker are M1 and M3 [18].The peaks at the range of 32°-
33° and 51.5°-52° showed in the inset of Figure 1(a) indicated the presence of alite M3
polymorfh at the cement studied [19, 20], which less contributes to compressive strength

after cement hydration when compared to M3 polymorph [21].
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Figure 1. XRD patterns of (a) Portland cement, and (b) concrete floor polishing waste (CFPW). Crystalline
phases identification are represented by C,S: di-calcium silicate (belite), CsS: tri-calcium silicate (alite),
CsA: tri-calcium aluminate, C4AF: tetra-calcium aluminoferrite.

Figure 1(b) plot the XRD pattern of CFPW, shows that the main waste component is
calcium carbonate, in accordance to the chemical composition resumed in Table V. This
indicates that the cured paste was carbonated during the waste process of collection,
transportation and storage. Therefore, two calcium carbonate polymorphs were observed:
calcite and aragonite as shown in the table the diffraction angles and d-spacing values of
the main peaks presented in CFPW pattern. The carbonation process occurs mainly due
to the reaction of calcium hydroxide (Ca(OH).) with carbon dioxide, resulting in calcium
carbonate precipitation, which decreases the cementitious matrices porosity. Calcite is the
most stable polymorph of calcium carbonate at ordinary temperature and pressure;
aragonite and vaterite, which are two crystalline polymorphs of CaCO3, are metastable
phases that finally converts into calcite [22, 23]. In the CFPW sample studied, calcite
polymorph was predominant, indicating that the carbonation process is advanced and that
the metastable phases have already been converted into calcite. Although vaterite is the
polymorph that has higher volume and thus promotes better filler effect in cementitious
pores [24], calcite also contributes to improve strength and durability of cement pastes
[23].
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Table 1V: Structural information of Cement Portland (Type I11) and CFPW phases.

20 (degrees) D-spacing (A) Phases
23° 3.86 Belite y
29.48° 3.03 Alite M
32.22° 2.78 Alite M
32.6° 2.74 Alite M
Cement Portland (type 1) 33.3° 2.69 Aluminate / Ferrite
34.4° 2.60 Alite
38.78° 2.32 Belite o’
41.34° 2.18 Alite M
51.72° 1.77 Alite M
26.74° 3.33 Calcite
29.52° 3.03 Calcite
31.08° 2.88 hemi carbonate
CFPW 36.02° 2.49 Aragonite
39.58° 2.28 Calcite
47.58° 1.91 Calcite
48.62° 1.87 Calcite

The main calcite peaks are found at 29.52°, 39.58°, 47.58° and 48.62°, in accordance
to [4]; aragonite is found at 36.02°, in accordance to [25]. Besides these crystalline phases,
hemicarbonate (20 = 31.08°) was also observed [25]. After the reaction of C3A and CsAF
with gypsum and formation of ettringite in the cement paste, the remaining aluminates

reacted with calcium carbonate forming the hemicarbonate phase [26].

Control Paste and paste with 12% of CFPW addition patterns: The XRD patterns of
control paste and paste incorporating 12% of CFPW is shown in Figure 2(a) and Figure
2(b), respectively. The diffraction angles and d-spacing values of sample main phases are
showed in Table VI. It can be observed that the diffractogram obtained for pastes with
12% of CFPW addition is similar to the CFPW powder pattern showed in Figure 1(b).
However, the peaks belonging to calcite became stronger and hemicarbonate peak
became weaker. The calcite content addition in cementitious matrices changes the hydrate
cement products, as it induces the carboaluminate phases formation, as hemicarbonate
[27]. Therefore, hemicarbonate, that is an unstable phase in the presence of high calcite
amount, gradually converts into monocarbonate with hydration progress. Considering

that the pastes were analyzed after 28 days of curing, the hemicarbonate phase decrease
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was expected.
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Figure 2: X-ray diffractometer (XRD) patterns of (a) control paste, and (b) paste with 12% of CFPW. The
phases are represent: Calcite (C), Quartz (Q), Tobermorite (C-S-H), Portlandite (Ca(OH)2), Periclase
(MgO) (b) Paste with 12% of CFPW pattern. Calcite (C), aragonite (A),hemicarbonate (H) and belite (C.S).

Clinker components (belite) is also observed at 32.26° (20) at XRD pattern of the
paste with 12% of CFPW, implying in presence of anhydrate cement phases in the paste.
Among the major phases present in Portland cement, belite has the lowest reaction rate.
Therefore, after 28 days of curing, just a small fraction of C,S reacted [9]. The high
overlap of data in the XRD pattern of the control paste indicates a high concentration of
amorphous materials and multiplicity of phases in the sample. This pattern characteristic
turns phases identification and structural refinements more complicate, leading to
misinterpretations.

Figure 3 depicts Rietveld refinement fit of the paste with 12% of CFPW addition.
The excellent fit between the profiles observed and calculated reflected a value of y? =
2.2. The refinement indicated that the phases Calcite (Rhombohedral), Vaterite and
Portlandite were the majority with 52%, 27% and 7% in relation to the others phases
mentioned in Table IV with percentages below 4%. The crystallography information file
obtained in GSAS after the refinement was used to create a structure image at Diamond

software. Considering that the CFPW addition contributed to crystalline phases formation
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and that calcium polymorph presence enhance matrix packing, aragonite and calcite

structure phases were chosen for analysis from Diamond software information.

Table V: Structural information of control and 12% CFPW paste phases.

260 (degrees) D-spacing (A) Phases
26.82 3.32 Quartz
28.86 3.09 C-S-H
Control paste 29.62 14.81 Calcite
P 34.32 17.16 Portlandite
39.7 19.85 Calcite
42.98 21.49 Periclase
29.46° 3.03 Calcite
31.06° 2.88 Hemicarbonate
32.26° 2.77 Belite
12% CFPW paste 36.04° 2.49 Aragonite
39.48° 2.28 Calcite
47.6° 1.91 Calcite
48.58° 1.87 Calcite
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Figure 3: (a) Rietveld refinement fit of 12% CFPW paste pattern, (b) Calcite structure.

The reinsertion of these materials into the productive cycle represents an important

alternative for sustainable development. Considering the importance of finding solutions

for waste reuse produced in different economic sectors, this work has so far presented the

structural characteristics of concrete floor polishing residues in cement matrices.

Experiments are being carried out to understand the mechanical and microstructural

properties to infer about this material applicability in civil construction.
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4.4 Conclusions

Structural properties of cement pastes incorporating concrete floor polishing waste
were studied. XRD pattern of CFPW indicated the calcium carbonate polymorphs and
hemicarbonate presence in sample. This indicates that the concrete hydrate components
were carbonated, which favors the carboaluminate phases formation when added to
cementititous matrices. The XRD technique proved to be feasible to study cement
anhydrous and hydrated phases, since it allows the phase formation identification. The
Rietveld refinement showed that the phases Calcite, Vaterite and Portlandite are the
majority in the CFPW.
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5. CONCLUSAO GERAL

Os resultados obtidos neste trabalho mostram que € possivel reutilizar o residuo do
polimento de pisos de concreto como adi¢do em matrizes cimenticias. As caracterizagdes
quimicas e microestruturais indicaram elevada concentracdo de carbonato de calcio na
composicdo do residuo. A incorporacdo do RPPC em matrizes cimenticias favorece a
ocorréncia das reacdes quimicas de hidratagdo do cimento Portland, uma vez que a
elevada area superficial das particulas do residuo atua como superficies extras para
nucleacdo e crescimento das fases hidratadas. Além disso, a adi¢cdo de CaCOs favorece a
formacdo de fases de carboaluminatos. Estas alteraces na microestrutura geram
mudancas no comportamento macroestrutural de misturas cimenticias. Foi observado a
melhoria do desempenho mecénico de matrizes cimenticias com adi¢Oes de 4%, 6%, 8%
e 10%. Menores taxas de absor¢do de agua por imersao também foram observadas nas
misturas que continham a adi¢do do RPPC, indicando melhor empacotamento da matriz
decorrente do efeito filler. Ressalta-se que além de promover a melhoria das
caracteristicas mecénicas de matrizes cimenticias, a reutilizagéo do RPPC representa uma
medida mitigadora para reducdo do volume de residuos gerados pelo setor da construgao

civil.



