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1. Nanotecnologia en Concretos
= Nanotecnologia de Materiales
= Materiales Cementicios / Nanoparticulas (Aditivos para Concreto)
= Nano-Aditivos para Concreto / Activacién Mecano-Quimica
= Dilemasy Expectativas

2. Proyectos Constructivos en Asia
= Consideraciones Técnicas
= Ensayes en Obras / Normativas
= Consideraciones Industriales
= Manufactura / Transportacién / Colocacién
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Nanotecnologia de Materiales

= Fundamentos de Nanotecnologia: R. Feynman / ACI 241R-17 / K. Sobolev

= QOpciones actuales: Materiales Cementicios / Nanoparticulas (Aditivos para Concreto)
= Complementariamente: Nano-Aditivos para Concreto / Activacion Mecano-Quimica
Dilemas y Expectativas

Referencias: www.concretovirtual.com/nanotecnologia
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"A mi modo de ver, los principios de la Fisica no se pronuncian en
contra de la posibilidad de maniobrar las cosas 4tomo por atomo".

Abbrevialions

C=5-H calciume-silicate-hydrates

CH caleium hvdrosdde (portlandibe)
BCa5 Pedicaleium silicate

ITE il Al acial bran ihom SO

orc ordinary Portland cement

H3C hikgh atrength comerele

SFRC steel-fibre reinforced conorete
SOM supplementary comenititbous material
SF sillica fume

GGHS growind granilabed blast-fumace dlag
Fa fly ash

NS narwsilica

A nandsalurmina

o [ namclay

MAK Parsamgta kaolin

NT marsiiania

CNT carbon nanotabe

MWCNT meuilti-walled carbon nanotube
CF carbon fiber

CNF carbon nanofiber

Gy graphene oaide

LGNS graphene sulphomate nanosheet
S

FRETCTY inirusion ]'lunhill'lrlr}'
Meray diffraction

diiﬁlr‘rl il 'u'.ll'u'lll'lp; |.'.'I.||,|riﬂ!|,'1l'!|'
scanning electron microsoapy
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Fundamentos de Nanotecnologia: ACI 241R-17 / K. Sobolev

Este informe proporciona informacion para aquellos involucrados en el disefio de concreto y
construccion para que estén familiarizados con los factores involucrados en el uso efectivo de
nanomateriales y nanotecnologia.

Este documento no pretende ser un documento de referencia fuente para los investigadores.

Por el contrario, esta dirigido a ingenieros y arquitectos que desean obtener una mayor comprension
de los efectos de los nanomateriales y nano.aditivos que se usan o se proponen para su aplicacion
en concreto.
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Fundamentos: ACl 241R-17 / K. Sobolev

Hay dos enfoques principales en nanotecnologia:

1) el enfoque descendente (de arriba hacia abajo), en el cual estructuras mas grandes se reducen en
tamafio a la escala nanométrica, manteniendo sus propiedades originales sin control a nivel atémico,

o deconstruido de estructuras mas grandes en partes compuestas mds pequenas.

(parte superior de la figura 1.1a); y

2) el enfoque ascendente, también llamado nanotecnologia molecular o fabricacién molecular, presentado
por Drexler et al. (1991), en que los materiales son disefado a partir de &tomos, o componentes
moleculares, mediante un proceso de ensamblaje o autoensamblaje (parte inferior de la Fig. 1.1a).
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Fundamentos de Nanotecnologia: K. Sobolev

THE USE OF NANOPARTICLE ADMIXTURES TO IMPROVE THE
PERFORMANCE OF CONCRETE

. 1 2 3
Konstantin Sobolev” Florence Sanchez™ and Ismiael Flores

Abstract

Concrete can be nano-engineered by incorporating nano-sized building blocks or objects
(e.g.. nanoparticles and nanotubes) to control material behavior and add novel properties, or
by grafting molecules onto cement particles, cement phases, aggregates, and additives
(including nano-s1zed additives) to provide surface functionality, which can be adjusted to
promote specific interfacial interactions. The nanoparticle is the elementary building block in
nanotechnology and is comprised of up 1o thousands of atoms combined into a cluster of |-
100 nm. A reduction mn size provides an exceptional surface area-to-volume ratio and changes
in the surface energy, surface chemistry, and surface morphology of the particle. altering its

basic properties and reactivity [1, 2, 5, 6].
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Nanotecnologia de Materiales

* Fundamentos de Nanotecnologia: ACl 241R-17 / K. Sobolev / R. Feynman

= Opciones actuales: Materiales Cementicios / Nanoparticulas (Aditivos para Concreto)
= Complementariamente: Nano-Aditivos para Concreto / Activacion Mecano-Quimica
Dilemas y Expectativas

Referencias: www.concretovirtual.com/nanotecnologia
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Opciones actuales: Materiales Cementicios / Nanoparticulas

= DESEMPENO DEL CONCRETO CON NANOPARTICULAS

Se ha demostrado que Nanosilica (nanoparticulas de diéxido de silicio, nano-Si02) mejora la trabajabilidad y la resistencia en alto rendimiento y
autocompactacion del concreto. La mejora en el desempefio del concreto se ha atribuido a varios efectos de las nanoparticulas. Las nanoparticulas bien
dispersas pueden actuar como centros de cristalizacidn de los hidratos de cemento, acelerando asi las reacciones de hidratacién y actuando como relleno
de los huecos entre los granos de cemento, reduciendo asi la porosidad del material. También se ha demostrado que las nanoparticulas bien dispersadas
promueven la formacién de cristales de menor tamafio (Como son Ca(OH), y AFm), densificando asi la microestructura y promoviendo la detencién de
grietas y mejorando las propiedades mecanicas del material.

= ADAPTACION DE NANOPARTICULAS PARA UN DESEMPENO OPTIMO

Si bien pequefias cantidades de nanoparticulas (menos del 1% en peso de cemento) son generalmente suficientes para mejorar el rendimiento de los
materiales compuestos, la aplicacidn practica en concreto requiere la fabricacion de una cantidad considerable de estas particulas. Por lo tanto, es
primordial poder producir nanoparticulas en grandes cantidades a bajo costo. Varias tecnologias se han utilizado para la produccién de nanoparticulas.

= DESARROLLO DE NUEVAS FUNCIONALIDADES

El TiO2 fotocatalitico se ha utilizado en concreto a base de cemento blanco, proporcionando al material capacidades de autolimpieza y purificacién de
aire. Es importante que el concreto arquitectdonico mantenga sus caracteristicas estéticas y decorativas, como el color, durante toda su vida util, incluso
en entornos urbanos altamente contaminados. Los materiales fotocataliticos proporcionan una solucidn inteligente para minimizar eficazmente la
acumulacion de contaminantes en la superficie del concreto arquitectdnico a través de la oxidacion fotocatalitica.

THE USE OF NANOPARTICLE ADMIXTURES TO INMPROVE THE
PERFORMANCE OF CONCRETE

Konstantin Sobolev' Florence Sanchez® and Ismael Flores®
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Opciones actuales: Materiales Cementicios / Nanoparticulas

Future Developments

Vast progress in concrete science is expected in coming years by the adaptation of new knowledge generated from the rapidly growing field of nanotechnology.
Development of the following concrete-related nanomaterials is on the way or can be anticipated:

Catalysts for the low-temperature synthesis of clinker and accelerated hydration of conventional cements;
Grinding aids for superfine grinding and mechano-chemical activation of cements and SCM;
Binders reinforced with nano-particles, nano-rods, nano-tubes (including single walled nanotubes, SWNTSs), nano-dampers, nano-nets, graphenes, or nano-springs;
Binders with enhanced/nanoengineered internal bond between the hydration products;
Binders modified by nano-sized polymer particles and their emulsions, or polymeric nano-films;
Bio-materials (including those imitating the structure and behavior of mollusk shells);
Cement-based composites reinforced with new fibers containing nanotubes, as well as fibers covered with nano-layers
(e.g., to enhance the bond, corrosion resistance, or introduce new properties such as electrical conductivity);
Next-generation nano-superplasticizers for “total workability control” and supreme water reduction;
Cement-based materials with supreme strength, ductility, and toughness;
Binders with controlled internal moisture supply to avoid/reduce micro-cracking;
Cement-based materials with engineered nano- and micro- structures exhibiting supreme durability;
Eco-binders modified by nanoparticles and produced with substantially reduced volumes of portland cement component (down to 10-15%);
Eco-binders with nanoparticles based on the alternative systems (MgO, phosphate, geopolymers, gypsum);
Self-healing materials and repair technologies using nano-tubes and nano-chemical admixtures;
Materials with self-cleaning/air-purifying features based on photocatalyst technology;
Materials with controlled electrical conductivity, deformative properties, non-shrinking and low thermal expansion;
Smart materials, such as temperature-, moisture-, stress-sensing or responding materials.

Mechano-chemistry and nano-catalysts could change the face of modern cement industry by significantly reducing clinkering temperature and even realizing the possibility of
cold-sintering clinker minerals in mechano-chemical reactors.
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Opciones actuales: Aditivos para Concreto
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Opciones actuales: Aditivos para Concreto

Chemical Admixture Wish List

A water reducing admixture that demonstrates uniform performance
with all cements or cement/SCM combinations.

American Concrete Institute®
Advancing concrete knowledge

Innovations in Chemical
An admixture which can perform as a normal, mid- and high range Admixture Technology as Related

sot.” to Sustainability

*Will the slump cone be replaced ACI Spring 2012 Convention

' 'e cement- are! allas,
by a hand-held rheometer?? w Marth 18 21, Dallas, TX
An admixture that “cagls

loiting t nderful World of Polycarboxylatt

Making flocculated hydrating cement

partlcles disperse
.—E_
A

Universal Air Entra 3 r Content

Admixture systems ent levels (50% +)
of Portland cement

An admixture that f3 A Pnificantly
increases robustne for failed loads.

==

Integral curing adm

Dial-in slump retention without extended set and independent of
cement chemistry and temperature.
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Opciones actuales: Aditivos para Concreto
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Opciones actuales: Aditivos para Concreto
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Opciones actuales: Aditivos para Concreto
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Nanotecnologia de Materiales

* Fundamentos de Nanotecnologia: ACl 241R-17 / K. Sobolev / R. Feynman

= QOpciones actuales: Materiales Cementicios / Nanoparticulas (Aditivos para Concreto)
= Complementariamente: Nano-Aditivos para Concreto / Activacion Mecano-Quimica
Dilemas y Expectativas

Referencias: www.concretovirtual.com/nanotecnologia
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Opciones actuales: Nano-Aditivos para Concreto / Activacién Mecano-Quimica
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Opciones actuales: Nano-Aditivos para Concreto / Activacién Mecano-Quimica

Stage 3: Hardening Stage 4: Cooling
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Opciones actuales: Nano-Aditivos para Concreto / Activacién Mecano-Quimica
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Opciones actuales: Nano-Aditivos para Concreto / Activacién Mecano-Quimica

Konstantin Sobolev, University of Wisconsin-Milwaukee
Concrete Nanotechnology and Nanoscience Society
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Opciones actuales: Nano-Aditivos para Concreto / Activacién Mecano-Quimica
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Opciones actuales: Nano-Aditivos para Concreto / Activacién Mecano-Quimica
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Opciones actuales: Nano-Aditivos para Concreto / Activacién Mecano-Quimica
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Nanotecnologia de Materiales

» Fundamentos de Nanotecnologia: ACl 241R-17 / K. Sobolev / R. Feynman

= QOpciones actuales: Materiales Cementicios / Nanoparticulas (Aditivos para Concreto)
= Complementariamente: Nano-Aditivos para Concreto / Activacion Mecano-Quimica
Dilemas y Expectativas

Referencias: www.concretovirtuaI.com/nanotecnologia
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Dilemas y Expectativas




\

ncg';'f;’b"ﬂﬁeﬁ’é‘%’a Nanotecnologia en Concretos

Dilemas y Expectativas
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Dilemas y Expectativas
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Dilemas y Expectativas
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1. Nanotecnologia en Concretos
= Nanotecnologia de Materiales
= Materiales Cementicios / Nanoparticulas
=  Nano-Aditivos para Concreto
= Dilemasy Expectativas

2. Proyectos Constructivos en Asia
= Consideraciones Técnicas
= Ensayes en Obras / Normativas
= Consideraciones Industriales
= Manufactura / Transportacién / Colocacién

3. Preguntas y Respuestas
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Proyectos Constructivos en Asia
=  Consideraciones Técnicas
=  Consideraciones Industriales

Referencias: www.concretovirtual.com/nanotecnologia

Preguntas y Respuestas
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Consideraciones Técnicas
Requerimientos Normativos / Ensayes en Obras
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Consideraciones Industriales
Equipos de Manufactura / Transportacion / Colocacién
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Consideraciones Industriales
Equipos de Manufactura / Transportacion / Colocacién
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Consideraciones Industriales
Equipos de Manufactura / Transportacion / Colocacién
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Proyectos Constructivos en Asia

Referencias: www.concretovirtual.com/nanotecnologia

Preguntas y Respuestas
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KL118
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Malasia: KL 118 (Permodalan Nasional Berhad - PNB118)

1. Burj Khalifa, United Arab Emirates - 2,717 Feet
Dubai's Burj Khalifa is the tallest building in the world.

2. Shanghai Tower, China - 2,073 Feet
The Shanghai Tower is the world's second tallest building as well as the tallest building in China, with 121 floors.

3. Makkah Royal Clock Tower, Saudi Arabia - 1,972 Feet

The Makkah Royal Clock Tower in Saudi Arabia is the third tallest building in the world. It stands at a total of 601
meters. The government-owned complex features a hotel with 120 floors, as well as a conference center, an Islamic
museum, and a prayer room with a capacity of 10,000 people

?. PNB 118 (KL 118), Malaysia - 2,113 Feet
The Merdeka 118 development is funded by Permodalan Nasional Berhad (PNB). When completed in 2024, the tower
will be the tallest building in Malaysia .

PNB 118 is a 118-storey, 644-metre (2,113-foot) megatall skyscraper currently under construction in Kuala Lumpur,
Malaysia.
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Malasia: KL 118 (Permodalan Nasional Berhad - PNB118)
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Malasia: KL 118 (Permodalan Nasional Berhad - PNB118)
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Tuas Megaport
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Singapur: Tuas Megaport —
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Singapur: Tuas Megaport —

Works are in full swing at the future Tuas port, with
reclamation ongoing for two out of four phases of the
development and more than 3km of caisson already
installed to form the wharf.

The caisson, which sits on a foundation on the
seabed, is a 28m-high concrete watertight structure -
about the height of a 10-storey Housing Board block.
Using caissons to build the wharf structure is faster
than traditional methods like piling.

In all, 8.6km of caisson will have to be constructed
under Phase 1 of the Tuas port project, which aims to
grow the Singapore port, amid competition from other
regional and global ports.

se a1
Concreto
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Singapur: Tuas Megaport

https://www.channelnewsasia.com/news/cnainside
r/singapore-needs-tuas-mega-port-maritime-trade-
automated-9934474

https://www.youtube.com/watch?v=Xu6zk8mT9-

https://www.youtube.com/watch?v=XTCvl1-Kz2Y

https://www.youtube.com/watch?v=HrZg96L8yaY
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Temburong Bridge
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Brunei: Temburong Bridge —
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Brunei: Temburong Bridge
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Brunei: Temburong Bridge —
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Prefabricacion Singapur / Myanmar
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Singapur: Concreto Ligero Prefabricado
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Singapur: Concreto Ligero Prefabricado —
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Myanmar: Durmientes Prefabricados —
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