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1 Background

Global warming caused by CO2 emission has been the

center of major climate discussion and given big

pressure to all nations. Buildings and construction

industries generate nearly 40% of global CO2 emis-

sions, among them 5–8% of total global CO2 emission

are contributed by the cement industries [1]. In EU

level, a 40% CO2 reduction is aimed by year 2030, and

CO2 neutral target is set by year 2050 [2]. This means

all sectors have to take this into consideration. The

construction materials for future projects will be

selected on the basis of the contribution they can

make to reach requirements of CO2 emission

reduction. Under this circumstance, the alkali-acti-

vated materials (AAMs), including the materials

referred to as ‘geopolymers’, which are made from

industrial by-products, or even wastes with the use of

alkali-activators, are brought to evidence. In this

regard, geopolymer are considered as eco-friendly

alternatives to Ordinary Portland cement (OPC) and

have attracted increasing attention in academic

research and engineering practise in the past decades.

Among all researchers, Prof. John L. Provis from

Sheffield University, UK, is considered as an out-

standing researcher who has contributed significantly

to the research and development of geopolymers, and

hence he was awarded the RILEM Robert L’Hermite

Medal in 2013.

The paper ‘Geopolymers and other alkali activated

materials: why, how, and what?’ [3], which corre-

sponds to the Robert L’Hermite Medal lecture of Prof.

Provis at the 2013 RILEM Annual Week, was

considered as a milestone paper in the field of

geopolymer sciences. In this paper, he summarized

the most significant research works mainly carried out

by himself and his co-workers in the field of geopoly-

mers, focusing on alkali activation technology, from

the atomic scale and chemical reaction path mod-

elling, towards macroscopic observable characteris-

tics such as strength and durability of alkali-activated

concretes.

Alkali-activated materials and geopolymers are an

extremely diverse grouping of materials, presenting a

This commentary is part of our celebration of 75 years of

RILEM, highlighting Materials and Structures most highly

influential and cited publications.

Highlighted paper: J.L. Provis, ‘‘Geopolymers and other alkali

activated materials: why, how, and what?’’ Materials and

Structures. 2014. 47(1–2), pp. 11–25.

G. Ye (&)

Delft University of Technology, Delft, The Netherlands

e-mail: g.ye@tudelft.nl

Materials and Structures          (2022) 55:113 

https://doi.org/10.1617/s11527-022-01910-2(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0001-8566-3863
http://crossmark.crossref.org/dialog/?doi=10.1617/s11527-022-01910-2&amp;domain=pdf
https://doi.org/10.1617/s11527-022-01910-2


vast range of acceptable raw materials and thus

additional mix-design related parameters when com-

pared to conventional OPC mixes. For that reason,

their properties can fall almost anywhere in the range

from ‘high’ to ‘low’ according to different sets of

criteria by which the performance of a material can be

measured [3]. Such fact gives an answer to the puzzle

why macroscopic properties or ‘characteristic’ of

alkali-activated materials are diversity between labs.

This paper provided an overview on the fundamen-

tal mechanisms of alkali-activation reactions in

different phases, ranging from characterization of

raw materials and its influence on chemical reactions

involved in early-stages, to the nucleation of reaction

products and their evolution towards the formation of

stable microstructures, through the implementation of

advanced in-situ characterisation tools such as syn-

chrotron radiation and attenuated total reflectance.

These techniques have proven to be particularly

valuable in understanding the details of chemical

heterogeneity within geopolymer gels since the first

moments of reaction. The author discusses the impor-

tance of a molecular-level understanding of the

chemical and physical characteristics of the system

taking place via particle-fluid interactions, as they are

responsible for dictating kinetic and thermodynamic

mechanisms for the development of mature systems.

Such understanding can enable the engineered design

of alkali-activated binders with more attractive per-

formance in either fresh or hardened state, providing

desirable properties in a predictable and reliable way.

To finish, the paper summarizes the current knowledge

on alkali-activated/geopolymer concrete during engi-

neering practise applications and how it relates to

standard durability aspects commonly used for con-

ventional OPC concrete. The author provides an

optimistic overview, as these alternative concrete

mixes provide slow in-service carbonation evolution,

hinder the formation of expansive gels via alkali-silica

reactions due to the nature of its chemistry, and present

resistance to chloride penetration in specific exposure

environments. However, the conclusion is that dura-

bility performance must be carefully evaluated before

strong conclusions are obtained, given the large

number of variables in such mixes, and the uncertainty

on the response of alkali-activated binders to tradi-

tional testing techniques.

2 Influence on RILEM works

Many research are being carried out world-wide on

aspects like reaction and chemistry of alkali-acted

materials, mechanical properties and durability.

RILEM has been active within the field of alkali-

activated materials, by the organisation of several

RILEM Technical Committees, where Prof. Provis has

led several committees in this field. The first RILEM

Technical Committee on Alkali Activated Materials

was RILEM TC-224 AAM in the period 2007–2013.

The State-of-the-Art Report, edited by Prof. Provis,

summarises research to date in the area of alkali-

activated binders and concretes, with a particular focus

on binder design and characterisation, durability

testing, commercialisation, standardisation. In

2012–2019, the RILEM TC-247 DTA on durability

testing of alkali-activated materials chaired by Prof.

Provis was launched. The main task of this committee

was to validate durability testing standards for alkali-

activated materials, bringing scientific insight into the

development of appropriate specifications for these

materials. Follow up TC 247-DTA, in 2018, the

RILEM TC-283 CAM on chloride transport in alkali-

activated materials chaired by Prof. Arnaud Castel,

and in 2019 the RILEM TC-294 MPA on mechanical

properties of alkali-activated concrete chaired by Prof.

Guang Ye were established.

3 Influence on research and practice

Since the publication of the review paper, more

fundamental studies on alkali-activation reaction

kinetics, binder gel formation, and computer mod-

elling of the alkali-activate reaction and nano-scale/

micro-scale structural development, haven been car-

ried out. The pair distribution function (PDF) exper-

imental technique [4] has been used worldwide in the

research institutes. The performance based design

methodologies of geopolymer concrete, proper curing

methods, cautions have to be taken on reduction of

degradation and the durability testing method sum-

marized in the RILEM TC-DTA [5, 6], give excellent

guidance to practitioner, and promote geopolymer

concrete for wider uses in engineering practice.
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4 Current and future research on geopolymers

There are a few main research fields on geopolymers at

the moment focused on:

• Search for alternative precursors, to be used as

partial or full replacement of traditional reactive

precursors, i.e., fly ash, blast furnace slag and

metakaolin. These include less reactive mineral

resources from industrial-by products or wastes,

for example, municipal solid waste incineration

ashes, biomass-fly ashes are investigated as pre-

cursors in alkali-activated materials.

• Besides low risk application, alkali-activated

materials (geopolymers) concrete, as alternative

to OPC concrete are used as structural element in

infrastructural application. The short/long term

mechanical properties, time depended properties,

i.e. shrinkage and creep, bonding behaviour,

durability and service life of geopolymer concrete

structures, are significant.

• Standardization on geopolymer concrete produc-

tion, mix design methodology and recommenda-

tions for structural design are absent, and they are

becoming urgent in engineering practice. Fortu-

nately more and more pilots or real projects made

of geopolymer concrete are under construction or

have been planning. These projects could provide

validation to the standard and recommendations.

Even though the progress has been slow, but the

gap between academic research and engineering

practise is becoming more narrow.

Open Access This article is licensed under a Creative

Commons Attribution 4.0 International License, which

permits use, sharing, adaptation, distribution and reproduction

in any medium or format, as long as you give appropriate credit

to the original author(s) and the source, provide a link to the

Creative Commons licence, and indicate if changes were made.

The images or other third party material in this article are

included in the article’s Creative Commons licence, unless

indicated otherwise in a credit line to the material. If material is

not included in the article’s Creative Commons licence and your

intended use is not permitted by statutory regulation or exceeds

the permitted use, you will need to obtain permission directly

from the copyright holder. To view a copy of this licence, visit

http://creativecommons.org/licenses/by/4.0/.

References

1. Andrew RM (2018) Global CO2 emissions from cement

production. Earth Syst Sci Data 10:195–217

2. Global alliance for building and construction (2018) Global

Status Report, towards a zero-emission, efficient and resilient

buildings and construction sector, SBN No: 978-92-807-

3729-5.

3. Provis JL (2014) Geopolymers and other alkali activated

materials: why, how, and what? Mater Struct 47:11–25

4. White CE, Provis JL, Proffen T, Riley DP, van Deventer JSJ

(2010) Combining density functional theory (DFT), and pair

distribution function (PDF) analysis to solve the structure of

metastable materials: the case of metakaolin. Phys Chem

Chem Phys 12(13):3239–3245

5. Provis JL et al (2019) RILEM TC 247-DTA round robin test:

mix design and reproducibility of compressive strength of

alkaliactivated concretes. Mater Struct 52:99

6. Winnefeld F et al (2020) RILEM TC 247-DTA round robin

test: sulfate resistance, alkali-silica reaction and freeze–thaw

resistance of alkali-activated concretes. Mater Struct 53:140

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

Materials and Structures          (2022) 55:113 Page 3 of 3   113 

http://creativecommons.org/licenses/by/4.0/

	M&S highlight: Provis (2014), geopolymers and other alkali activated materials---why, how, and what?
	Background
	Influence on RILEM works
	Influence on research and practice
	Current and future research on geopolymers
	Open Access
	References




