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Resumo

Os hidroxidos duplos lamelares (HDL) sao argilas anibnicas também
conhecidas como compostos do tipo hidrotalcita, esses materiais sdo amplamente
estudados devido a uma importante propriedade denominaégeitte memoéria. O
efeito memdria consiste na regeneracdo da estrutura lamelar a partir dos precursores
oxidos mistos dos metais componentes (CHDL) em contato com agua ou solucdes
anidnicas. Os 6xidos mistos obtidos pela decomposicédo térmica do HDL, podem ser
incorporados ao cimento hidratado, de modo a auxiliar no preenchimento de poros
durante a regeneracdo da estrutura lamelar e na imobilizacdo de anions indesejados.
Logo, contribuindo para aprimorar as propriedades de materiais cimenticios a partir da
reducdo da porosidade, ganho de resisténcia mecanica, alterando o processo de
hidratacdo e melhorando o comportamento reolégico do cimento. No presente trabalho,
investigou-se a viabilidade da aplicagdo dos CHDL, derivados da calcinacdo a 500 °C
de nanoparticulas de HDL (Mg-Al) intercaladas com anions carbonato, como aditivos
no cimento Portland CPV. A cinética de regeneracdo dos Oxidos mistos em contato
com agua deionizada e agua de cimento foi acompanhado pela técnica de espalhamento
de raios X a alto angulo (WAXS), o que possibilitou verificar que a restruturacao do
HDL ocorre nos primeiros 10 min do contato com as solu¢des aquosas analisadas.
Ademais, a analise de WAXS permitiu constatar que as particulas das amostras
calcinadas foram capazes de regenerar a estrutura lamelar tanto nas solu¢cdes quanto na
pasta do cimento. Os espacamentos basais foram calculados por meio dos dados de
difracdo de raios X (DRX) para as amostras de HDL antes e ap0s a regeneracdo em
agua de cimento, agua deionizada e solu¢fes simuladas de poros de cimento (SCPS1 e
SCPS2). Esses resultados mostraram a elevada capacidade do HDL em intercalar &nion
carbonato, um dos principais ions responsaveis pela corrosédo de estrutura metalica no
concreto armado pelo processo de carbonatacdo. Quando adicionadas ao cimento, as
nanoparticulas de oOxido misto alteraram o comportamento reolégico da pasta,
contribuindo para a rapida consolidacdo da mesma. Ademais, o aditivo influenciou
significativamente no fluxo de calor liberado durante as reacdes de hidratacdo, na

estrutura porosa e com a redugdo expressiva da area especifica do cimento hidratado.

Palavras chaves:Hidroxidos Duplos Lamelares, Oxido Misto, Cimento Portland,

Efeito Memoria.
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Abstract
DEVELOPMENT LAYERED DOUBLE HYDROXIDES (LDH) NANOPARTICLES
OF Mg and Al INTERCALATED WITH CARBONATE ANIONS FOR
APPLICATIONS IN CEMENTITIOUS MATERIALS - Layered double hydroxides
(LDH) are anionic clays also known as hydrotalcite-like compounds, these materials are
widely studied because of an important property catteanory effectThe memory
effect consists of the regeneration of the lamellar structure from the mixed metal oxide
precursors of the component metals in contact with water or anionic solutions. The
mixed metal oxides obtained by the thermal decomposition of LDH can be incorporated
into the cement, in order to assist in the filling of faults during the regeneration of the
lamellar structure and in the immobilization of undesired anibhss, contributing to
improve the properties of cementitious materials by reducing porosity, increasing
mechanical resistance, altering the hydration process and improving the rheological
behavior of cement. In the present work, the feasibility of the application of the mixed
oxides as additives in the cement Portland CPV using LDH (Mg-Al) nanoparticles
intercalated with carbonate anions calcined at 500 ° C. The regeneration kinetics of the
lamellar structure induced by the addition of deionized water and cement water were
studiedin situ by time-resolved wide-angle X-ray scattering (WAXS), suggesting that
recovery of the LDH structure occurs in the first 10 min of the contact of the mixed
oxide with the analyzed solutions. In addition, the WAXS results allowed verifying that
the calcined LDH particles were able to regenerate the lamellar structure also when
incorporated in the paste of the cement. The basal spacing were calculated by X-ray
diffraction (XRD) data for HDL samples before and after regeneration in cement water,
deionized water and simulated cement pore solutions (SCPS1 and SCPS2). These
results showed the high capacity of HDL in the intercalation of carbonate anion, one of
the main ions responsible for the corrosion of metallic structure in the reinforced
concrete by the carbonation process. When added to the cement, the mixed oxide
nanoparticles changed the rheological behavior of the paste, contributing to the rapid
consolidation of the sam& addition, the additive significantly influenced the flow of
heat released during the hydration reactions, as well as the porous structure and
reducing specific surface area of the cement.
Keywords: Layered Double Hydroxides (LDH) Mixed Oxides, Cement Portland,
Memory Effect.
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O método de coprecipitacdo a pH constante foi eficiente na obtencdo do
HDLMgAI intercalado com anions carbonato como pode ser observado a partir dos
resultados de difracdo de raios X, em que se verifica 0s picos basajs (00¢
caracteristicos da estrutura lamelar do HDL. Com a calcinacdo, foi observado o
desaparecimento da reflexdo nos planos cristalograficos (003), (006) e (009), indicando
a obtencdo dos 6xidos dos metais componentes. Quando esses Oxidos mistos foram
colocados em contato com agua de cimento, agua deionizada e solu¢des simuladas de
poros de cimento (SCPS1 e SCPS2) houve a regeneracéo da estrutura lamelar através do
efeito memoria, induzido pelas solugdes avaliadas. O efeito memdéria foi evidenciado
pelo reaparecimento dos picos basais  006& difratogramas das amostras, referente ao
empilhamento das lamelas.

A técnica de WAXS com resolucdo temporal possibilitou acompanhar a
cinética de regeneracgdo da estrutura lamelar do HDL, que teve inicio logo nos primeiros
10 min de contato do CHDL com a agua deionizada e agua de cimento. Através do
tratamento dos resultados obtidos estudou-se o0 mecanismo de regeneracao nas solucdes
mencionadas. Para ambos o0s casos verificou-se que o aumento do tamanho do cristalito
€ resultado, primeiramente, do processo agregativo de nanocristais seguido pelo
empilhamento das lamelas na direcéo c.

A reconstrucdo das camadas de hidréxidos duplos ocorreu preferencialmente
com a intercalacdo de anions carbonato, o que € bastante interessante, uma vez que o
processo de carbonatacdo no concreto armado € o principal responsavel pela corrosdo de
estruturas metalicas. Com isso, o efeito memadria observado para o HDL apresenta-se
como uma estratégia promissora na prote¢do contra corrosdo e no aumento da
durabilidade do concreto armado.

O efeito memoria do HDL foi também verificado no cimento hidratado, onde
as nanoparticulas de CHDL foram capazes de regenerar as camadas de hidroxidos
duplos com a intercalagdo dos anions da matriz cimenticia. Os resultados demostram a
capacidade desse composto do tipo hidrotalcita em regenerar a estrutura lamelar mesmo
quando incorporadas na pasta do cimento e ndo somente em solucéo.

Em relacdo ao comportamento reologico da pasta de cimento, verificou-se que
0 uso de nanoparticulas de 6xidos mistos como aditivos contribuiu para a aceleracao da
consolidacdo da pasta do cimento, indicado pelo aumento expressivo da componente

elastica G'. Os resultados das medidas de calorimetria de conducdo isotérmica
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permitiram verificar que a adicdo das nanoparticulas de CHDL levam a reducédo do
fluxo de calor liberado durante as reacdes de hidratacéo, o que a priori indica a reducao
da reatividade dos graos de cimento anidro.

Por fim, o estudo da estrutura porosa para as pastas com diferentes formulacoes
evidenciou a redugdo da quantidade de poros, principalmente nas idades precoces de
hidratacdo. A influéncia da adicdo de CHDL também foi verificada nas propriedades
texturais do cimento hidratado, mais especificamente com a reducéo do valor da area

superficial especifica a medida que o teor de CHDL adicionado aumentou.

91



Almeida, A. A. Referéncias

10.

11.

12.

13.

REFERENCIAS
SHETTY, M. S. Concrete Technology: Theory and PracBc€HAND., ed. 8th,
p.1-26, 2008.
JACKSON, P. J. Lea’s Chemistry of Cement and Concrete deals with the
chemical and physical. Elsevier Ltd., v. ed. 4th, p. 1-94, 2003.
GARTNER, E. M.; MACPHEE, D. E. A physico-chemical basis for novel
cementitious bindersCement and Concrete Researchv.41, n.7, p.736-749,
2011.
SCHENEIDER, M.; ROMER, M.;TSCHUDIN, M.; BOLIO, H. Sustainable
cement production-present and futu@ement and Concrete Researchv.41,
n.7, p.642-650, 2011.
AITCIN, P. C. Cements of yesterday and today Concrete of tomo@ement
and Concrete Researchv.30, p.1349-1359, 2000.
GEYER, R.; JAMBECK, J. R,;LAW, K. L. Production, use, and fate of all
plastics ever made. Science advanoe8, p.1-5, 2017.
UN ENVIRONMENT; SCRIVENER, K. L.; JOHN, V. M.; GARTNER, E. M.
Eco-efficient cements: Potential economically viable solutions for a low-CO2
cement-based materials indust@ement and Concrete Researchv.114, p.2-26,
2018.
RODRIGUES, F. A.; JOEKES, I. Cement industry: Sustainability, challenges and
perspectives. Environmental Chemistry Lettersv.9, n.2, p.151-166, 2011.
BULLARD, J. W. et al. Mechanisms of cement hydrati®cience and
Technology of Concrete Admixturesn.12, p.129-145, 2011.
DOVE, P. M.; HAN, N. Kinetics of mineral dissolution and growth as reciprocal
microscopic surface processes across chemical driving fAtee Conference
Proceedingsv.916, p.215-234, 2007.
POLSON, A. Some aspects of diffusion in solution and a definition of a colloidal
particle. Journal of Physical and Colloid Chemistry, v.54, n.5, p.649-652,
1950.
THANH, N. T. K.; MACLEAN, N.; MAHIDDINE, S. Mechanisms of nucleation
and growth of nanoparticles in solutiadbhemical Reviewsv.114, n.15, p.7610—-
7630, 2014.
THOMAS, J. J.; JENNINGS, H. M.; CHEN, J. J. Influence of nucleation seeding

92



Almeida, A. A. Referéncias

14.

15.

16.

17.

18.

19.

20.

21.

on the hydration mechanisms of tricalcium silicate and cenmimnirnal of
Physical Chemistry C v.113, n.11, p.4327-4334, 20009.

JUILLAND, P.; GALLUCCI, E.; FLATT, R. . S. Dissolution theory applied to the
induction period in alite hydratiorCement and Concrete Researchv.40, n.6,
p.831-844, 2010.

ROMANO, R. C. O. Incorporagdo de ar em materiais cimenticios aplicados em
construcao civil. Tese de doutorado. Universidade de S&o Paulo, 2013.

MACIEL, M. H.; SOARES, G. S.; ROMANO, R. C. O.; CINCOTTO, M. A.
Monitoring of portland cement chemical reaction and quantification of the
hydrated products by XRD and TG in function of the stoppage hydration
technique Journal of Thermal Analysis and Calorimetry, v.136, n.3, p.1269—-
1284, 20109.

PERROT, Aet al. Yield stress and bleeding of fresh cement paS&ment and
Concrete Researchv.42, n.7, p.937-944, 2012.

RIDI, F.; FRATINI, E.; BAGLIONI, P. Cement: A two thousand year old nano-
colloid. Journal of Colloid and Interface Sciencgev.357, n.2, p.255-264, 2011.
KUMAR, R.; BHATTACHARJEE, B. Porosity, pore size distribution and in situ
strength of concreteCement and Concrete Researchv.33, n.1, p.155-164,
2003.

POWERS, T. C. Structure and Physical Properties of Hardened Portland Cement
Paste. American Ceramic Society., v.41, n.1, p.1-6, 1958.

WINSLOW, D.; LIU, D.; LAFAYETTE, W. The Pore Structure of Paste in

Concrete. Concrete., v.20, p.227-235, 1990.

22.

23.

24.

25.

SCRIVENER, K. L.; NONAT, A. Hydration of cementitious materials, present
and future. Cement and Concrete Research41, n.7, p.651-665, 2011.
ALLEN, A. J.; THOMAS, J. J.; JENNINGS, H. M. Composition and density of
nanoscale calcium-silicate-hydrate in cemé&t@ture Materials, v.6, n.4, p.311—
316, 2007.
SANFILIPPO, J. M.; MUNOZ, J. F.; TEJEDOR, M. I.; ANDERSON, M. A.;
CRAMER, S. M. Nanotechnology to manipulate the aggregate—cement paste bond
effects on mortar performanc#dournal of the Transportation Research Board
v.2142, n.1, p.29-33, 2010.
GALLUCI, E.; MATHUR, P.; SCRIVENER, K. Microstructural development of
early age hydration shells around cement grai@ement and Concrete

93



Almeida, A. A. Referéncias

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Research v.40, n.1, p.4-13, 2010.

KOWALCZYK, R. M.; GAJEWICZ, A. M.; MCDONALD, P. J. The mechanism
of water-isopropanol exchange in cement pastes evidenced by NMR relaxometry.
RSC Advancesv.4, n.40, p.20709-20715, 2014.

SAVIJA, B.; LUKOVIC, M. Carbonation of cement paste: Understanding,
challenges, and opportunitie€onstruction and Building Materials, v.117,
p.285-301, 2016.

MILLER, S. A.; HORVATH, A.; MONTEIRO, P. J. M. Readily implementable
technigues can cut annual CO2 emissions from the production of concrete by over
20%. Environ. Res. Lettv. 11, 2016.

ALI, M. B.; SAIDUR, R.; HOSSAIN, M. S. A review on emission analysis in
cement industriesRenewable and Sustainable Energy Reviews/.15, n.5,
p.2252-2261, 2011.

MILLER, S. A.; JOHN, V. M.; PACCA, S. A.; HORVATH, A. Carbon dioxide
reduction potential in the global cement industry by 2@s#ment and Concrete
Researchv.114, p.115-124, 2018.

DAMTOFT, J. S.; LUKASIK, J.; HERFORT, D.; SORRENTINO, D,
GARTNER, E. M. Sustainable development and climate change initiatives.
Cement and Concrete Researchv.38, n.2, p.115-127, 2008.

DAMINELI, B. L.; KEMEID, F. M.; AGUIAR, P. S.; JOHN, V. M. Measuring
the eco-efficiency of cement ugeement and Concrete Composites., v.32, n.8,
p.555-562, 2010.

IMBABI, M. S.; CARRIGAN, C.; MCKENNA, S. Trends and developments in
green cement and concrete technololgyernational Journal of Sustainable

Built Environment, v.1, n.2, p.194-216, 2012.

GARTNER, E. Industrially interesting approaches to ‘low-CO2’ cements.
Cement and Concrete Researcghv.34, n. 9, p.1489-1498, 2004.

SANCHEZ, F.; SOBOLEV, K. Nanotechnology in concrete - A review.
Construction and Building Materials., v.24, n.11, p.2060-2071, 2010.

FOLLI, A.; PADE, C.; HANSEN, T. B.; DE MARCO, T.; MACPHEE, D. E.
TiO2 photocatalysis in cementitious systems: Insights into self-cleaning and
depollution chemistryCement and Concrete Researchv.42, n.3, p.539-548,
2012.

94



Almeida, A. A. Referéncias

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

SANCHEZ, F.; SOBOLEV, K. Nanotechnology in concrete - A review.
Construction and Building Materials, v.24, n.11, p.2060-2071, 2010.

NORHASRI, M. S. M.; HAMIDAH, M. S.; FADZIL, A. M. Applications of using
nano material in concrete: A revieWZonstruction and Building Materials,
v.133, p.91-97, 2017.

KORAYEM, A. H.; TOURANI, N.; ZAKERTABRIZI, M.; SABZIPARVAR, A.

M.; DUAN, W. H. A review of dispersion of nanoparticles in cementitious
matrices: Nanoparticle geometry perspectiv@onstruction and Building
Materials, v.153, p.346-357, 2017.

COLON, G.et al. Structural and surface approach to the enhanced photocatalytic
activity of sulfated TiO2 photocatalysipplied Catalysis B: Environmental, v.

63, n.2, p.45-59, 2006.

COLLODETTI, G.; GLEIZE, P. J. P.; MONTEIRO, P. J. M. Exploring the
potential of siloxane surface modified nano-SiO2 to improve the Portland cement
pastes hydration propertieSonstruction and Building Materials, v.54, p.99—-

105, 2014.

ZHAN, B. J.; XUAN, D. X.; POON, C. S. The effect of nanoalumina on early
hydration and mechanical properties of cement padBEsistruction and
Building Materials, v.202, p.169-176, 2019.

VIPULANANDAN, C.; MOHAMMED, A. Smart cement modified with iron
oxide nanoparticles to enhance the piezoresistive behavior and compressive
strength for oil well applicationsSmart Materials and Structures, v.24, n.12,
p.2-11, 2015.

ABO-EL-ENEIN, S. A.et al. Pozzolanic and hydraulic activity of nano-
metakaolin. HBRC Journal v.10, n.1, p.64-72, 2014.

YANG, L.; HAKKI, A.; WANG, F.; MACPHEE, D. E. Photocatalyst efficiencies

in concrete technology: The effect of photocatalyst placemgmiied Catalysis

B: Environmental, v.222, p.200-208, 2018.

ALLALOU, S.; KHERIBET, R.; BENMOUNAH, A. Effects of calcined
halloysite nano-clay on the mechanical properties and microstructure of low-
clinker cement mortarCase Studies in Construction Materials v.10, p.3-13,
20109.

CAVANI, F.; TRIFIRO, F.; VACCARI, A. Hydrotalcite-type anionic clays:

95



Almeida, A. A. Referéncias

48.

49.

50.

51.

52.

53.

54.

55.

56.

S7.

58.

preparation, properties and applicatioBatalysis Today v.11, p.173-301, 1991.
CREPALDI, E. L.; VALIM, J. B. Hidroxidos dupldamelares: Sintese, estrutura,
propriedades e aplicac6&3uimica Nova, v.21, n.3, p.300-311, 1998.
FEITKNECHT, W. Untersuehungen uber die Umseajzuester Stoffe in
FliissigkeitenW. Helvetica Chimica Acta, p.22-43, 1930.

MISHRA, G.; DASH, B.; PANDEY, S. Layered doublgdroxides: A brief
review from fundamentals to application as evolvimgmaterials Applied Clay
Sciencev.153, p.172-186, 2018.

SANTOS, R. M. M. Materiais derivados de hiddbs duplos lamelares: sintese,
caracterizacdo e aplicacdo em adsorcdo e processogados de oxidacao.
Dissertacao de mestrado. Universidade EstaduaisRa(lUNESP), 2016.
RICHETTA, M. et al Layered Double Hydroxides: Tailoring Interlamella
Nanospace for a Vast Field of Applicationkurnal of Material Science &
Engineering, v.6, n.4, p.2-9, 2017.

KHAN, A. |.; O'HARE, D. Intercalation chemistryf layered double hydroxides:
Recent developments and applicatiofmurnal of Materials Chemistry, v. 12,
n.11, p.3191-3198, 2002.

ALLMANN, R. The crystal structure of pyroauritécta Crystallographica
Section B v.24, n.7, p.972-977, 1968.

ZHAO, Y.; LI, F.; ZHANG, R.; EVANS, D. G.; DUANX. Preparation of layered
double-hydroxide nanomaterials with a uniform cailge size using a new
method involving separate nucleation and agingsst€pemistry of Materials,
v.14, n.10, p.4286-4291, 2002.

MILLANGE, F.; WALTON, R. I.; O'HARE, D. Time-rsolved in situ X-ray
diffraction study of the liquid-phase reconstruatitof Mg-Al-carbonate
hydrotalcite-like compoundsJournal of Materials Chemistry, v.10, n.7,
p.1713-1720, 2000.

FAN, G.; LI. F.; EVANS, D. G.; DUAN, X. Catalgt applications of layered
double hydroxides: Recent advances and perspecti@aemical Society
Reviews v. 43, n. 20, p.7040-7066, 2014.

DE ROY, A.; FORANO, C.; MALKI, K.E.; BESSE, P. Anionic Clays: Trends
in Pillaring ChemistryExpanded Clays and Other Microporous Solids New
York, cap.7, v. 2, p.108-169, 1992.

96



Almeida, A. A. Referéncias

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

YU, M.; LI, H.; DU, N.; HOU, W. Understanding Li-Al-CO3 layered double
hydroxides. Urea-supported hydrothermal synthe3wmurnal of Colloid and
Interface Sciencev. 547, p.183-189, 2019.

AMOR, F.; DIOURI, A.; ELLOUZI, I.; OUANJI, F. Development of Zn-Al-Ti
mixed oxides-modified cement phases for surface photocatalytic performance.
Case Studies in Construction Materialsv. 9, p.1-13, 2018.

LI, C. et al. NiMoAI catalysts derived from heptamolybdate-intercalated layered
double hydroxides for hydrodeoxygenation of anisoBMC Chemical
Engineering. p.1-16, 2019.

CARVALHO, H. W. P.et al. XAS/WAXS time-resolved phase speciation of
chlorine LDH thermal transformation: Emerging roles of isovalent metal
substitution. Chemistry of Materialsv.25, n.14, p.2855-2867, 2013.

DAS, N.; SAMAL, A. Synthesis, characterisation and rehydration behaviour of
titanium(lV) containing hydrotalcite like compoundsMicroporous and
Mesoporous Materials v.72, n.1-3, p.219-225, 2004.

LIU, Z. et al. Synthesis, anion exchange, and delamination of Co-Al layered
double hydroxide: Assembly of the exfoliated nanosheet/polyanion composite
films and magneto-optical studie®ournal of the American Chemical Society,
v.128, n. 14, p.4872-4880, 2006.

NEWMAN, S. P.; JONES, W. Synthesis, characterization and applications of
layered double hydroxides containing organic guedtew Journal of
Chemistry, v.22, n. 2, p.105-115, 1998.

MIYATA, S. Anion-exchnage propeties of hydrotalcite-like compour@lays

and Clay Minerals, v.31, n. 4, p.305-311, 1983.

LEROUX, F.; BESSE, J. Polymer interleaved layered double hydroxide: A new
emerging class of nanocomposit€hemistry of Materials, v.13, n. 10, p. 3507—
3515, 2001.

SENAPATI, S. et alLayered double hydroxides as effective carrier for anticancer
drugs and tailoring of release rate through interlayer anidosrnal of
Controlled Releasev.224, n.3, p.186-198, 2016.

GASKELL, E. E.; HA, T.; HAMILTON, A. R. Ibuprofen intercalation and release
from different layered double hydroxide$herapeutic Delivery, v.9, n. 9,
p.653—-666, 2018.

97



Almeida, A. A. Referéncias

70. STANIMIROVA, T.; PIPEROV, N.; PETROVA, N.; KIROV, G. Thermal
evolution of Mg-Al-CO3 hydrotalcites Clay Minerals, v.39, n.2, p.177-191,
2004.

71. ROELOFS, J. C. A. A.;; VAN BOKHOVEN, J. A.; VAN DILLEN, J. W. G
JONG, K. P. The Thermal Decomposition of Mg—Al Hydrotalcites: Effects of
Interlayer Anions and Characteristics of the Final Struct@kemistry A
European Journal, v. 8, n. 24, p.5571-5579, 2002.

72. ZHANG, S.; LEE, W. E. Refractories HandboGIRC Press p.215-257, (2004).

73. HECK, A. L.et al. Synthesis of MgAl 2 O 4 spinel via ‘sol-geMagnesium,

v.51, p 117-120, 2005.

74. PING, L. R.; AZAD, A. M.; DUNG, T. W. Magnesium aluminate (MgAI204 )
spinel produced via self-heat-sustained (SHS) technillaterials Research
Bulletin, v.36, n.7-8, p.1417-1430, 2001.

75. MOKHTAR, M.; INAYAT, A.; OFILI, J.; SCHWIEGER, W. Thermal
decomposition, gas phase hydration and liquid phase reconstruction in the system
Mg/Al hydrotalcite/mixed oxide: A comparative studfpplied Clay Science
v.50, n.2, p.176-181, 2010.

76. MASCOLO, G.; MASCOLO, M. C. On the synthesis of layered double
hydroxides (LDHs) by reconstruction method based on the ‘memory effect'.
Microporous and Mesoporous Materials v.214, p.246-248, 2015.

77. MARCHI, A. J.; APESTEGUIA, C. R. Impregnation-induced memory effect of
thermally activated layered double hydroxides. p.35-48, 1998.

78. SANTOS, R. M. M.; TRONTO, J.; BRIOIS, V.; SANTILLI, C. V. Thermal
decomposition and recovery properties of ZnAl-CO3 layered double hydroxide
for anionic dye adsorption: Insight into the aggregative nucleation and growth
mechanism of the LDH memory effedournal of Materials Chemistry A., v.5,

n.20, p.9998-10009, 2017.

79. SATO, T.; FUJITA, H.; ENDO, MASAHIKO, S. Synthesis of hydrotalcite-like
compoumds and their physico-chemical propertlRsactivity of Solids v.5,
p.219-228, 1988.

80. Mechanism of hydrotalcite regeneratidournal of Materials Science Letters
v.20, n.5, p.453-455, 2001.

81l. MITTER, N.et al Clay nanosheets for topical delivery of RNAI for sustained

98



Almeida, A. A. Referéncias

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

protection against plant virusdésature Plants, v. 3, p.1-10, 2017.

PINTO, M. C. Eet al Mesoporous carbon derived from a biopolymer anthg
Preparation, characterization and application for axganochlorine pesticide
adsorptionMicroporous and Mesoporous Materials v.225, p.342-354, 2016.
SANTOS, R. M. M. et al. Removal of Acid GreghBfrom agueous solutions by
calcined and uncalcined layered double hydroxideplied Clay Science v.80—
81, p.189-195, 2013.

WANG, L. et al. Two-dimensional gold nanostwres with high activity for
selective oxidation of carbon-hydrogen bontgture Communications V.6,
p.1-8, 2015.

GONCALVES, R.et al Performance of magnetite/layered double hydroxide
composite for dye removal via adsorption, Fentod photo-Fenton processes.
Applied Clay Science p.1-13, 2019.

CAl, Z.et al. Recent advances in layered double hydroxide eleatalysts for
the oxygen evolution reactiodournal of Materials Chemistry A, v.7, n.10,
p.5069-5089, 2019.

MUSELLA, E.et al Newly developed electrochemical synthesis of @seldl
layered double hydroxides: Toward noble metal-&lsetro-catalysisJournal of
Materials Chemistry A, v.7, n.18, p.11241-11249, 2019.

GAO, Y.; WU, J.; WANG, Q.; WILKIE, C. A.; O'HAR, D. Flame retardant
polymer/layered double hydroxide nanocompositdsurnal of Materials
Chemistry A, v.2, n.29, p.10996-11016, 2014.

RENAUDIN, G.; RAPIN, J. P.; HUMBERT, B.; FRANG@S, M. Thermal
behaviour of the nitrated AFm phase Ca4AlI2(OH)128\&4H20 and structure
determination of the intermediate hydrate Ca4AI2JOHNO3)2-2H20Cement
and Concrete Researchv.30, n.2, p.307-314, 2000.

DUAN, P.; CHEN, W.; MA, J.; SHUI, Z. Influenad layered double hydroxides
on microstructure and carbonation resistance ghsaluminate cement concrete.
Construction and Building Materials, v.48, p.601-609, 2013.

CHEN, Y.; SHUI, Z.; CHEN, W.; CHEN, G. Chloridending of synthetic Ca-
Al-NO3 LDHs in hardened cement pasanstruction and Building Materials,
v.93, n.3, p.1051-1058, 2015.

XU, S.et al. Facile preparation of pure CaAl-layered doubldrbyides and their

99



Almeida, A. A. Referéncias

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

application as a hardening accelerator in concr€eemical Engineering
Journal, v.155, n.3, p.881-885, 20009.

ZUO, J.; WU, B.; LUO, C.; DONG, B.; XING, F. Preparation of MgAl layered
double hydroxides intercalated with nitrite ions and corrosion protection of steel
bars in simulated carbonated concrete pore solu@ontosion Science v.152,
p.120-129, 2019.

VERBRUGGEN, H.; TERRYM, H.; GRAEVE, I. D. Inhibitor evaluation in
different simulated concrete pore solution for the protection of steel rebars.
Construction and Building Materials, v.124, p.887-896, 2016.

MORENO, M.et al. Corrosion of reinforcing steel in simulated concrete pore
solutions effect of carbonation and chloride cont&urrosion Science v.46,

n.11, p.2681-2699, 2004.

ABRAO, P. C. O uso de pozolanas como materiais cimenticios suplementares:
Disponibilidade, reatividade, demanda de &gua e indicadores ambientais.
Dissertacdo de mestrado. Universidade de Sao Paulo (USP), 2018.

SANTILLI, C. V.; PULCINELL, S. H. Analise da textura de materiais cerdmicos

a partir das isotermas de adsor¢ao de g&s¥amica, v.39, p.11-16, 1993.

WU, Y.; DUAN, P.; YAN, C. Role of layered double hydroxides in setting,
hydration degree, microstructure and compressive strength of cement paste.
Applied Clay Science., v. 158, p.123-131, 2018.

BETIOLI, A. M.; GLEIZE, P. J. P., SILVA, D. A., JOHN, V. M.; PILEGGI, R.

G. Effect of HMEC on the consolidation of cement pastes: Isothermal calorimetry
versus oscillatory rheometrZement and Concrete Research., v.39, n.5, p.440-
445, 2009.

BETIOLI, A. M.; MOACYR, V.; PHILIPPE, J.; GLEIZE, J. P.; PILEGGI, R. G.
Caracterizacdo reolégica de pasta cimenticia: associagdo de técnicas
complementares Rheological characterization of cement paste: association of
complementary techniques. Ambiente Construido, v.9, n.4, p.37-48, 2009.

LYRA, J. S.; ROMANO, R. C. O.; PILEGGI, R. G.; GOUVEA, D. Consolidag&o
de pastas cimenticias contendo policarboxilatos um estudo calorimétrico e
reolégico. Ceramica., v.58, n.346, p.137-143, 2012.

WASHBURN, E. W. The Dynamics of Capillary FloRhysical Review v.17,

n.3, p.273-283, 1921.

100



Almeida, A. A. Referéncias

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

SCHERRER, P. Bestimmung der Grosse und deerenn Struktur von
Kolloidteilchen mittels Rontgensrahlen [Determioatiof the size and internal
structure of colloidal particles using X-ray$§lachr Ges Wiss Goettingenv.2,
p.98-120, 1918.

STANIMIROVA, T. S.; VERGILOV, |.; KIROV, G. Tarmal decomposition
products of hydrotalcite-like compounds: low-tengiare metaphasedournal
of Materials Sciencev.34, n.17, p.4153-4161, 1999.

ZIYAT, H. et al. Synthesis and characterization of crude hydraalMg—Al—
COa3: study of thymol adsorptiolResearch on Chemical Intermediatesv.44,
n.7, p.4163-4177, 2018.

HIBINO, T.; TSUNASHIMA, A. Characterization akpeatedly reconstructed
Mg-Al hydrotalcite-like compounds: Gradual segrégatof aluminum from the
structure Chemistry of Materials, v.10, n.12, p. 4055-4061, 1998.
CARVALHO, H. W. P.et al. XAS/WAXS time-resolved phase speciation of
chlorine LDH thermal transformation: Emerging roles isovalent metal
substitution Chemistry of Materials, v. 25, n. 14, p.2855-2867, 2013.

ZAK, A. K.; MAJID, W. H A.; ABRISHAMI, M. E.; YOUSEFI, R. X-ray
analysis of ZnO nanoparticles by Williamson-Haldasize-strain plot methods.
Solid State Sciencess. 13, n. 1, p. p.251-256, 2011.

WANG, F.; RICHARDS, V. N.; SHIELDS, S. P.; B&R®, W. E. Kinetics and
mechanisms of aggregative nanocrystal grohemistry of Materials, v. 26,
n. 1, p.5-21, 2014.

JOHNSEN, R. E.; NORBY, P. A structural studystacking disorder in the
decomposition oxide of MgAIl layered double hydraxidournal of Physical
Chemistry C, v.113, n.44, p.19061-19066, 2009.

MA, J.; DUAN, P.; REN, D., ZHOU, W. Effects tdyered double hydroxides
incorporation on carbonation resistance of cemenst materialsJournal of
Materials Research and Technologyv.8, n.1, p.292-298, 2019.

GUO, Y.; ZHILIANG, Z.; YANLING, Q.; ZHAO, J. Bhanced adsorption of acid
brown 14 dye on calcined Mg/Fe layered double hyidie with memory effect.
Chemical Engineering Journal, v.219, p.69-77, 2013.

YLMEN, R.; JAGLID, U.; STEENARI, B. M.; PANASI, Early hydration and
setting of Portland cement monitored by IR, SEM ¥icht techniquesCement

101



Almeida, A. A. Referéncias

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

and Concrete Researchv.39, n.5, p.433-439, 2009.

HORGNIES, M.; CHEN, J. J.; BOUILLON, C. Oveswi about the use of fourier
transform infrared spectroscopy to study cemenstiomaterials. WIT
Transactions on Engineering Sciences.77, p.251-262, 2013.

HUGHES, T. L. et al. Determining cement conmpms by Fourier transform
infrared spectroscopydvanced Cement Based Materials.v.2, n.3, p.91-104,
1995.

MOLLAH, M.Y.A.; YU, W.; SCHENNACH, R.; COCKE,D. L. Fourier
transform infrared spectroscopic investigation e early hydration of Portland
cement and the influence of sodium lignosulfond@ement and Concrete
Research, v.30, n.2, p.267-273, 2000.

YLMEN, R.; JAGLID, U. Carbonation of Portlar@ement Studied by Diffuse
Reflection Fourier Transform Infrared Spectroscolmyernational Journal of
Concrete Structures and Materials v.7, n.2, p.119-125, 2013.

STARUKH, G. .; ROZOVIK, O. .; ORANSKA, O. Orge/Zn-Al LDH
Nanocomposites for Cationic Dye Removal from Aqueddedia. Nanoscale
Research Lettersv.11, n.1, p.2-10, 2016.

ROUQUEROL, Jet al. Recommendations for the porous soliBare & Appl.
Chern, v.66, n.8, p.1739-1758, 1994.

CASTRO, A. L. De; LIBORIO, J. B. L.; PANDOLFEL V. C. Review article:
Rheology of high performance concretes applieduifdmg site.Ceramica, v.57,
p.63-75, 2011.

DE LARRARD, F.; FERRARIS, C. F.; SEDRAN, T.&B8h concrete: A Herschel-
Bulkley material Materials and Structures, v.31, n.7, p.494-498, 1998.
JONES, D. A. R.; LEARY, B.; BOGER, D. V. Thheology of a sterically
stabilized suspension at high concentratidbournal of Colloid And Interface
Science, v.150, n.1, p.84-96, 1992.

SCHULTZ, M. A.; STRUBLE, L. J. Use of oscibay shear to study flow
behavior of fresh cement pa€ement and Concrete Researchv.23, p.273-282,
1993.

CARBONE, C. E.; SANTOS, H.; ROMANO, R. C. ®ILEGGI, R. G. Efeito da
adicdo de latex nas pastas de cimento branco adceshdurecidoAmbiente
Construido., v.13, n.3, p.317-330, 2013.

102



Almeida, A. A. Referéncias

125.

126.

127.

128.

129.

NONAT, A.; MUTIN, J. C.; LECOQ, X.; JIANG, S. P. Physico-chemical
parameters determining hydration and particle interactions during the setting of
silicate cements. Solid State lonicg. 103, p.923-930, 2002.

MINARD, H.; GARRAULT, S.; REGNAUD, L.; NONAT, A. Mechanisms and
parameters controlling the tricalcium aluminate reactivity in the presence of
gypsum. Cement and Concrete Research., v.37, n.10, p.1418-1426, 2007.
ROMANO, R. C. Oet al Acompanhamento da hidratacdo de cimento Portland
simples com residuo de bauxita. Ceramica., v.62, n.363, p.215-223, 2016.
QUENNOZ, A.; SCRIVENER, K. L. Interactions between alite and C3A gypsum
hydrations in model cementS€ement and Concrete Research., v.44, p. 46-54,
2013.

ROMANO, R.C.0.; CINCOTTO, M. A.; PILEGGI, R. G. Hardening
phenomenon of Portland cement suspensions monitored by Vicat test, isothermal
calorimetry and oscillatory rheometrjrevista IBRACON de Estruturas e
Materiais., v.11, n.5, p.949-959, 2018.

103





