IN-LB Inch-Pound Units

“ International System of Units

Alkali-Activated Cements—
Report

Reported by ACI Committee 242

ACI PRC-242-22

fo| Ci W American Concrete Institute

» Always advancing
A




™ Amer Inst First Printing
qCI‘ merican Concrete Institute November 2022

Always advancing

S ISBN: 978-1-64195-200-2

Alkali-Activated Cements—Report

Copyright by the American Concrete Institute, Farmington Hills, MI. All rights reserved. This material
may not be reproduced or copied, in whole or part, in any printed, mechanical, electronic, film, or other
distribution and storage media, without the written consent of ACI.

The technical committees responsible for ACI committee reports and standards strive to avoid
ambiguities, omissions, and errors in these documents. In spite of these efforts, the users of ACI
documents occasionally find information or requirements that may be subject to more than one
interpretation or may be incomplete or incorrect. Users who have suggestions for the improvement of
ACI documents are requested to contact ACI via the errata website at http://concrete.org/Publications/
DocumentErrata.aspx. Proper use of this document includes periodically checking for errata for the most
up-to-date revisions.

ACI committee documents are intended for the use of individuals who are competent to evaluate the
significance and limitations of its content and recommendations and who will accept responsibility for
the application of the material it contains. Individuals who use this publication in any way assume all
risk and accept total responsibility for the application and use of this information.

All information in this publication is provided “as is” without warranty of any kind, either express or
implied, including but not limited to, the implied warranties of merchantability, fitness for a particular
purpose or non-infringement.

ACI and its members disclaim liability for damages of any kind, including any special, indirect, incidental,
or consequential damages, including without limitation, lost revenues or lost profits, which may result
from the use of this publication.

It is the responsibility of the user of this document to establish health and safety practices appropriate
to the specific circumstances involved with its use. ACI does not make any representations with regard
to health and safety issues and the use of this document. The user must determine the applicability of
all regulatory limitations before applying the document and must comply with all applicable laws and
regulations, including but not limited to, United States Occupational Safety and Health Administration
(OSHA) health and safety standards.

Participation by governmental representatives in the work of the American Concrete Institute and in
the development of Institute standards does not constitute governmental endorsement of ACI or the
standards that it develops.

Order information: ACI documents are available in print, by download, through electronic subscription,
or reprint and may be obtained by contacting ACI.

Most ACI standards and committee reports are gathered together in the annually revised the ACI
Collection of Concrete Codes, Specifications, and Practices.

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
Phone: +1.248.848.3700
Fax: +1.248.848.3701
www.concrete.org



ACI PRC-242-22

Alkali-Activated Cements—Report

Reported by AClI Committee 242

Mary U. Christiansen, Chair

Charles Alt R. Doug Hooton
Eric Pascal Bescher Lesley Suz Chung Ko
Lisa E. Burris Kevin A. MacDonald
Ivan Diaz-Loya Mehrdad Mahoutian

Claudio E. Manissero
Anol Kanti Mukhopadhyay

Yaghoob Farnam
Tom Glasby

Wendy Long, Secretary

Wil V. Srubar
Lawrence L. Sutter
Juan David Tabares

Robert J. Thomas
Ken Vallens

Cameron D. Murray
Sulapha Peethamparan
James Preskenis
John L. Provis
Chris C. Ramseyer
Deepak Ravikumar

Consulting Member

Maria G. Juenger

Note: The committee wishes to acknowledge C. White, L. Assi, A. Soliman, and A. Hicks for their contributions to this document.

This report provides a technical overview of alkali-activated cement
(AAC) history,; chemistry; and mechanical, physical, and durability
properties. It also highlights successful case study applications and
current technical challenges.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Concrete has traditionally been made with portland
cement (PC) binders and PC binders with supplementary
cementitious materials, but several emerging alternative
cements offer distinctive properties that may be beneficial
for some applications (ACI ITG-10.1R). Alkali-activated
cements (AACs) are a distinct class of cements that react
using alkali activation to form a cement paste solid. This
activation consists of using an alkali- or alkali-salt-based
activator to promote the dissolution of an aluminosilicate
precursor and subsequent precipitation of cementitious
reaction products. Depending on the aluminosilicate
precursor (for example, fly ash, ground-granulated blast-
furnace slag, calcined clays), alkali activation can initiate
a series of either polycondensation reactions, in which
water is produced as a result of reaction product formation,
or hydration reactions similar to PC, in which water is
consumed (Pacheco-Torgal et al. 2014).

AACs are sustainable, low-to-zero-clinker cement
alternatives to PC due to their achievable mechanical and
durability properties. They also have lower manufacturing
carbon dioxide (CO,) emissions, which are largely due to
the use of industrial by-product materials as precursors
(McLellan et al. 2011; Habert and Ouellet-Plamondon
2016). In general, successful precursors used for AACs
should contain significant amounts of reactive silica (Si0O,)
and alumina (ALOs;), whereas the presence of additional
oxides, such as calcium oxide (CaO), can result in changes
to the resultant phase assemblages (Provis et al. 2014). The
most common precursors include fly ash, ground-granulated
blast-furnace slag, and natural or calcined clays (for example,
metakaolin). The most widely used alkaline solutions
include alkali silicates (for example, sodium silicate) and
alkali hydroxides (for example, sodium hydroxide). Other
activators include alkali carbonate and sulfate salts, which
have been demonstrated to have better compatibility with
conventional chemical admixtures and are less caustic
(that is, lower pH) when implemented in cast-in-place
field applications (Bernal 2016). However, the strength
development of AACs activated with alkali carbonate
and sulfate salts often depends more on the physical (for
example, fineness) or chemical (for example, reactive glass)
characteristics of the chosen precursor (Wang et al. 1994).
Alkali aluminates—especially the by-products of alumina
refining—are also capable of activating AAC precursors
(van Riessen et al. 2013) and may offer a potentially cost-

(acis

effective alternative to other activators produced from
virgin materials.

This report provides a technical overview of AAC
history, chemistry, mechanical and physical properties,
and durability. It also highlights successful case study
applications and current technical challenges. The results
from extensive research in the field have revealed that the
engineering properties of specific formulations of AACs
can be comparable to PC or blended hydraulic cements. In
some applications, AACs can provide better durability and
mechanical performance. Nonetheless, AACs constitute a
class of materials that is suitable to use as part of a toolkit of
various concrete technologies. Thus, while AACs may not be
considered a direct replacement to PC or blended hydraulic
cementitious materials for every application, AACs may
meet or exceed economic and technical performance
requirements in some applications.

1.2—Scope

This report defines relevant AAC terminology and a
brief history of AACs. The fundamental materials science
and engineering of AAC technology is discussed, along
with the definitions of important parameters required for
proper mixture proportioning. This report summarizes the
fresh- and hardened-state properties of AAC concrete, with
a specific focus on reaction kinetics, mechanical properties,
and durability. Finally, this report summarizes challenges
and opportunities for the AAC field and presents an overview
of full-scale industrial applications and safety considerations
of AAC concrete.

CHAPTER 2—DEFINITIONS

Please refer to the latest version of ACI Concrete
Terminology for a comprehensive list of definitions.
Definitions provided herein complement that resource.

alkali—a chemical compound containing one or more
elements belonging to Group 1 or Group 2 of the periodic
table of elements.

alkali activating powder—an alkali powder that can be
mixed with a precursor to form one-part alkali-activated
cements.

alkali activating solution—an alkali-based solution that
causes the dissolution of the precursor(s).

alkali activation—the process of using an alkali-
based solution or powder to promote the dissolution of an
aluminosilicate precursor and the precipitation reactions
leading to the formation of reaction products.

alternative cement—an inorganic cement that can be
used as a complete replacement for PC or blended hydraulic
cements and that is not covered by applicable specifications
for PC or blended hydraulic cements.

geopolymer cements—a subset of AACs comprising
low-calcium (or calcium-free) alkali-activated precursors,
such as metakaolin, that produce amorphous inorganic three-
dimensional (3-D) aluminosilicate structures that resemble
natural mineral systems.

one-part alkali-activated cement—a “just add water”
AAC in which the precursor is premixed with an alkali
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