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ABSTRACT 
The possibility to improve the hydraulic behaviour, workability and mechanical strength of a heat-treated metallurgical residue from sponge iron
production has been explored in the current work. The as-received metallurgical residue (MR) was mixed with CaCO3 and subjected to heat-
treatment in a sinter pan with the aim to adapt its chemical and mineralogical composition towards Ordinary Portland Cement (OPC). The major
phases of the treated metallurgical residue were C2S, C3A, C4AF and C3A. Although all these phases are commonly present in OPC, the high content
of C4AF and C3A (> 27 wt%) resulted in flash setting, insufficient workability and lower strength results, compared to OPC. To address this, the
hydraulic properties of the treated MR were adjusted by additions of various amounts of gypsum, plasticizer (Viscocrete®, Sika®) and
triisopropanolamine, TIPA. The results indicated that optimal gypsum addition lies close to 10 wt%; further increase resulted in mechanical
strength decline. Additions of TIPA and Viscocrete® enhanced the workability and mechanical strength, but had also a significant effect on the
formed hydration products.

INTRODUCTION
Minimizing waste production, consumption of natural resources, and CO2 emissions are frequent topics addressed globaly.1 Production of Ordinary
Portland Cements (OPC) is strongly connected to the last two mentioned issues, whilst production of metals in pyro metallurgical processes is
connected to a large amount of slag production, which is often landfilled, and therefore contributes to the waste accumulation. It is indeed the
reduction in the consumption of the natural resources and the minimisation of the waste production that are the main driving forces behind the
development of alternative binders from metallurgical residues.

Several industrial residues have been reported as being successfully converted into binders with similar or better properties than OPC.2-6 The aim of this
work was to further extend the family of alternative binders by adapting the chemical and mineralogical composition of a Ca-Si-rich metallurgical
residue (MR) from sponge iron production, and creating a hydraulic binder similar to OPC.

RESULTS

Chemical
composition

CaO SiO2 Fe2O3 Al2O3 SO3 TiO2 MgO C

As received MR 55 14 7 6 2 1 1 14

Treated MR 64 16 9 7 2 1 1 -

CONCLUSIONS
MR originating from a sponge iron production was successfully
converted into a hydraulic binder after adjusting its chemical and
mineralogical composition by means of CaCO3 addition and sintering
in a sinter pan. The resulting material (i.e. OPC replica) contained all
four main hydraulic phases: C3S, C2S, C3A and C4AF. The relatively
high amount of C3A and C4AF led to an increased requirement of
gypsum addition. From the additives selected, Viscocrete® showed
to have a positive effect on strength results, however its addition
should be limited to 0.1 wt% due to increased risk of particle
sedimentation/separation. TIPA significantly influenced the hydration
products, with no noticeable impact on compressive strength.
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Mineralogical 
composition

β – C2S C3S C4AF C3A γ – C2S Ca(OH)2 CaO

Treated MR 37 26 19 8 7 2 <1

Fig.1: Compressive strength of samples with various gypsum (5-15 wt%), TIPA

(0-0.5 wt%) and Viscocrete® (0-0.5 wt%) additions

Fig.2: Hydration phases
formed after 28 days in 
system with 10 wt% 
gypsum, 0.5 wt%  
Viscocrete® and with (red) 
/ without (blue )TIPA
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