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This report presents information on nanotechnology of concrete, 

including recent developments related to investigation of nano-

structure and nanodesign of cement-based materials, the effects 

safety concerns related to the use of nanomaterials.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

and engineering focused on understanding and controlling 

matter at dimensions between 1 and 100 nanometers, where 

unique phenomena enable novel applications.

Feynman 

many developments have emerged in physics, chemistry, 

biology, and engineering in the study of various materials or 

substances at the nanoscale.

top-down approach, in which larger structures are reduced in 

size to the nanoscale while maintaining their original prop-

erties without atomic-level control (for example, miniatur-

larger structures into smaller, composite parts (top part of 

-

ular nanotechnology or molecular manufacturing, introduced 

by , in which materials are engineered 

from atoms, or molecular components, through a process of 

 While 

most contemporary technologies, including concrete, rely 

on the top-down approach, molecular nanotechnology holds 

great promise for advancement in materials and manufac-

turing, electronics, medicine and healthcare, energy, biotech-

nology, information technology, and national security.

Nanoscience and nanoengineering are commonly-used 

terms that describe nanotechnology applications in concrete 

(Sobolev and Ferrada-Gutiérrez 2005a; Scrivener and Kirk-

patrick 2008; ; ; Garboczi 

been inconsistent ( ; Sanchez and Sobolev 2010; 

Sobolev and Sanchez 2012

into concrete on a commercial scale remains limited. Some 

research developments, however, have been successfully 

converted into marketable products. The main advances 

have been in nanoscience of cementitious and pozzolanic 

materials, providing an increase in the knowledge and under-

standing of basic phenomena in cement at the nanoscale 

-

ples include structure and mechanical properties of the main 

hydrate phases, origins of cement cohesion, cement hydra-

tion, interfaces in concrete, and mechanisms of degradation. 

Recent innovations in instrumentation for observing and 

measuring at the nanoscale are providing a wealth of new 

and unprecedented information about concrete. This infor-

mation is crucial for a better understanding of mechanisms 

as predicting the service life of concrete and providing new 

insights for improvement. Important summaries and compi-

lations of nanotechnology in construction can be found in 

, 

, , Sanchez 
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