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Preface

The first international symposium on “Advances in Concrete Technology” was sponsored jointly 
by Canada Centre for Mineral and Energy Technology (CANMET), the American Concrete 
Institute (ACI), and several other international organizations in Athens, Greece, in May 1992. 
Dr. Mohan Malholtra served as the chairman of the symposium.

In June 1995, CANMET, in association with ACI and various professional organizations from 
the United States and Canada, sponsored the Second CANMET/ACI Symposium on Advances 
in Concrete Technology in Las Vegas, NV, USA. This event focused on high-performance 
normalweight and lightweight concretes, with the proceedings formally published as ACI 
SP-154.

The Third CANMET/ACI Symposium on Advances in Concrete Technology was held in 
Auckland, New Zealand, in August 1997, sponsored by CANMET, ACI, and partner organizations 
from Canada and New Zealand. The symposium brought together industry, university, and 
government representatives to explore new areas of research, resulting in the publication 
of 33 refereed papers from 15 countries as ACI SP-171.

In June 1998, the Fourth CANMET/ACI Conference on Advances in Concrete Technology took 
place in Tokushima, Japan, sponsored by CANMET, ACI, the Japan Concrete Institute (JCI), 
and several organizations from Japan and Canada. From more than 80 submissions across 
20 countries, 61 refereed papers were published as ACI SP-179, while more than 30 additional 
technical contributions were presented.

The Fifth CANMET/ACI Conference on Advances in Concrete Technology was held in 
Singapore in July and August 2001, under the sponsorship of CANMET, ACI, and multiple 
Singaporean organizations. This milestone event saw over 100 papers from 25 countries, 
leading to the publication of 46 refereed papers as ACI SP-200, and more than 25 
additional papers were presented.

In June 2003, the Sixth CANMET/ACI Conference on Advances in Concrete Technology 
was held in Bucharest, Romania, with sponsorship by CANMET, ACI, and several Romanian 
organizations. During this event, more than 40 technical papers were distributed to participants 
as received, though no formal ACI Special Publication was issued for this symposium.

The Seventh CANMET/ACI Conference on Advances in Concrete Technology was held in 
May 2004 in Las Vegas, USA, sponsored by CANMET, ACI, and several U.S. organizations. 
The technical program resulted in 17 refereed papers from more than 10 countries published 
as ACI SP-222.

In May 2006, CANMET, ACI, and organizations from Canada and the United States sponsored 
the Eighth CANMET/ACI Conference on Advances in Concrete Technology in Montreal, QC, 
Canada. The proceedings, consisting of 17 refereed papers, were published as ACI SP-235, 
supplemented by more than 30 additional technical papers distributed at the venue.

The Ninth CANMET/ACI Conference on Advances in Concrete Technology was conducted 
in Warsaw, Poland, in May 2007, under the sponsorship of CANMET, ACI, and partners from 
Canada, Europe, and the United States. The final proceedings included 10 refereed papers 
published as ACI SP-243 along with more than 20 supplementary papers.

Sponsored by ACI in association with several organizations from Canada, Europe, and the 
United States, the Tenth ACI Conference on Advances in Concrete Technology took place 
in Seville, Spain, in October 2009. This event produced 20 refereed papers published as 
ACI SP-261, while more than 20 additional papers were released in a supplementary volume.



In May 2010, the Committee for the Organization of International Conferences (COIC) (formerly 
CANMET/ACI Conferences) and the Chinese Ceramics Society (CCS) sponsored the Eleventh 
International Conference on Advances in Concrete Technology and Sustainability Issues in 
Jinan, China. This gathering featured the presentation of more than 40 papers, with the formal 
proceedings published by the CCS, Beijing, China.

The Twelfth International Conference on Advances in Concrete Technology and Sustainability 
Issues was held in Prague, Czech Republic, in October 2012, sponsored by COIC and ACI with 
a new focus on sustainability issues. The resulting volume, ACI SP-288, featured more than 
30 refereed papers, while an additional 40 papers were included in a supplementary volume.

In July 2015, COIC and ACI sponsored the Thirteenth International Conference on Advances 
in Concrete Technology and Sustainability Issues in Ottawa, ON, Canada. This technical 
exchange yielded 28 refereed papers published as ACI SP-303, alongside with more than 
40 other papers presented in a supplementary papers volume.

The Fourteenth International Conference on Recent Advances in Concrete Technology and 
Sustainability Issues was sponsored by the CCS, the China Academy of Building Research 
(CABR), and COIC in Beijing, China, in October 2018. The technical output included 19 ref-
ereed papers published as ACI SP-330, with more than 52 additional papers featured in the 
supplementary volume.

After a postponement due to the COVID-19 pandemic, the Fifteenth International Conference 
on Recent Advances in Concrete Technology and Sustainability Issues was sponsored by 
the ACI Italy Chapter and the University of Bergamo in Milan, Italy, in July 2022. This event 
focused on decarbonization and alternative binders, resulting in 44 refereed papers published 
as ACI SP-355, and approximately 20 papers were published in the supplementary volume.

The Sixteenth International Conference on Recent Advances in Concrete Technology 
and Sustainability Issues is being held in Munich, Germany, from 8 – 10 July, 2026. This 
prestigious gathering is hosted by the Technical University of Munich (TUM) with the support 
of ACI. The conference continues its long-standing mission of advancing concrete science, 
with a sharp focus on the industry’s most pressing challenge: the transition of the cement 
industry towards decarbonization and the implementation of new technologies for long-term 
sustainability. 19 refereed papers for this conference are published herein as an ACI Special 
Publication, focusing on topics including: use of supplementary cementitious materials 
such as alkali-activated slag, calcined clay, red mud and other industrial wastes; pozzolanic 
reactivity of SCMs; long-term investigation on cement and cement additives; reduction on 
CO2 emission, etc. Additionally, more than 50 other papers will be presented at this event, 
most of them available in a Supplemental Papers Volume.

The organizing committee expresses its profound gratitude to the authors, reviewers, 
and partner organizations whose dedication continues to drive the evolution of concrete 
technology toward a more sustainable future. Special thanks are also given to the American 
Concrete Institute for the publication of the proceedings.

The Editor
Prof. Dr. Johann Plank
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SP-370-1

Mechanisms of Workability Control in Alkali-Activated Slag by Zinc Addition 

Alice Gava, Jean-Baptiste d’Espinose de Lacaillerie, Claire Giraudeau, Loren Jørgensen, 

Théo Merland, Nicolas Sanson, Marie Teinturier

Synopsis: The retarder effect of zinc (Zn) species on setting of cementitious binders has been studied in the literature. 

However, their influence on the rheology of fresh pastes and their chemical fate, in particular in alkali-activated (AA) 

binders remain unclear. This study investigates how formulation parameters can affect zinc behaviour in fresh AA binder, 

aiming to control its retarder effect in order to optimize the material workability and its retention time. 

The hydration of cement pastes is a highly complex chemical process, which depends on the precursor material and 

involves interconnected reactions that are modified in presence of zinc. The effects of zinc have been predominantly 

reported for OPC-type materials. For low-Ca-content materials however, such as AA systems (i.e. blast furnace slags), 

the process is even more complex due to the reactions of zinc moieties with the activator. This work focuses on Zn(II) 

salts reaction in activated solutions and how they impact yield stress over time by retarding slag hydration. Various fresh 

zinc-doped alkali-activated paste formulations were examined, resulting in different rheological behaviours. These results 

contribute to optimize the use of zinc as a workability agent in AA systems. 

Keywords: Admixture, Retarder, Rheology, Sodium silicate, XRD, isothermal calorimetry, SEM 
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INTRODUCTION 

Reducing CO₂ emissions in the cement industry has become a major research priority in recent years. The partial or total 

replacement of Portland cement with supplementary cementitious materials1,2 is among the most promising strategies. 

Ground granulated blast furnace slag (GGBFS), a by-product of the steel industry, has attracted significant attention. To 

initiate its reactivity, alkaline compounds typically silicates, hydroxides, carbonates, or sulphates based on sodium or 

potassium have been studied and are commonly used by the industry.  

One of the key challenges to the broader industrial adoption of alkali-activated systems lies in their poor workability and 

the limited efficiency of conventional superplasticizers (SP)3,4. It is now well established that SP commonly used in 

Portland cement systems fail to provide the expected rheological performance in alkali-activated binders. As a result, 

controlling fluidity over time in such systems remains a significant challenge. In this context, the use of chemical 

retarders, which shows efficiency in OPC systems5, such as zinc-based compounds, could be a potential alternative to 

maintain control over the workability in alkali-activated ones6,7. Some studies have put in evidence the formation of an 

intermediate calcium zincate (CZ) phase allowing to retard the hydration step in alkali-activated slags8–12. This study aims 

to provide clues to explain how such systems can also be used to control the workability and retention over time. Although 

the chemistry of alkali-activated cements is governed by numerous overlapping and interdependent reactions, this work 

specifically aims to understand how zinc acts within such a complex environment. 

RESEARCH SIGNIFICANCE 

This paper presents the early phase of research focused on the evaluation of the impact of zinc addition, according to the 

mixing method, on the workability of alkali-activated slag systems. Furthermore, chemical mechanisms induced by the 

zinc addition to the system is both explored and discussed. To achieve this, rheology and isothermal calorimetry are used 

to assess macroscopic behaviour, while X-ray diffraction (XRD), inductively coupled plasma spectroscopy (ICP), and 

scanning electron microscopy (SEM) are employed to characterise the chemical and microstructural evolution of the 

system. 

EXPERIMENTAL INVESTIGATION 

Materials 

A ground granulated blast-furnace slag was used in this study. The chemical composition, presented in Table 1, measured 

by X-ray fluorescence (XRF) according to EN ISO 29581-2. It is 99.5% amorphous, as measured by XRD. Its BET (Kr) 

specific surface area is 1.0 m2/g. Figure 1 (a) displays the particle size distribution determined on a MasterSizer3000 

(Malvern Panalytical) granulometer in air and an SEM image is shown in Figure 1 (b). 

 Table 1 - Chemical composition of the GGBFS determined by XRF in wt% 

The silicate (i.e. Na2SiO3) activator and zinc retarder were either pre-dissolved in the mixing water or directly added as a 

powder to the mix. Sodium metasilicate pentahydrate (Na2SiO3·5H2O) powder (≥ 95.0% from Sigma-Aldrich) was added 

with a ratio of 4.0 wt% Na2O by weight of slag. Zinc nitrate hexahydrate Zn(NO3)2·5H2O crystallized powder (≥ 99.0% 

from Sigma-Aldrich) was added with a ratio of 1.0 wt% ZnO by weight of slag. For all formulations, osmosed type III 

water was used in order to obtain a water/slag (w/s) weight ratio of 0.4 (including the water from the activator and the 

additives).  

Sample preparation  

Two mixing methods are used in this study: a one-part mixing method, which is the closest to industrial conditions, and 

a two-part mixing method. The two-part mixing method does not need to consider the dissolution kinetics of the activator 

and of the zinc nitrate. 

In the one-part mixing samples preparation, both the Na2SiO3·5H2O and the Zn(NO3)2·5H2O powders were mixed 

manually with the slag, and then added to the water to prepare the cement paste. In the two-part mixing samples 

preparation, Na2SiO3·5H2O and the Zn(NO3)2·5H2O were dissolved separately in water then mixed by adding dropwise 

the zinc solution into the silicate, leading to the formation of a white precipitate. The GGBFS was then added to the 

solution to prepare the paste.  

CaO SiO2 Al2O3 MgO Fe2O3 Na2O SO3 TiO2 K2O BaO MnO 

GGBFS 38.7 34.3 13.0 9.1 0.4 0.3 2.6 0.9 0.4 0.1 0.3 
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