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Abstract

This study aims to obtain high performance cement under friendly environmental conditions, through the optimization of 
clinkerization process. The influence exerted by mineralizers i.e. fluoride (NaF, KF) or oxide (CuO, TiO2) on the Portland clinker 
characteristics and derived cement properties is presented in this experimental study. The presence of these additions in low
concentration (i.e. 0.5-0.8 wt. %) permits the reduction of the burning temperature (with 20oC up to 70oC) of raw mix and 
modifies clinker phases morphology, grindability and reactivity. The cements obtained by doped clinkers intergrinding with 5%
gypsum can be classified as 42.5N/R or 52.5N while the reference cement belongs to 42.5N strength class according to EN 197-
1. Other cement properties i.e. water for standard consistency, setting time, soundness and hydration heat were also assessed. A 
brief analysis regarding the benefits of cement obtained from doped clinker as compared with reference clinker was also done.
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1. Introduction

The main operation in Portland cement 
production is the burning of raw meal (a mixture 
containing as main components limestone and clay) 
at high temperature (1400-1450oC) in order to obtain 
an intermediate product – clinker. The cement is 
obtained by clinker grinding with gypsum 
(compulsory) and other additions (optional). The 
burning of the raw meal is a high energy consuming 
process and generates (due to limestone 
decomposition and fuel burning) up to 90% of total 
CO2 emissions in Portland cement manufacture 
process. Therefore, any possible reduction of the 
temperature or period of this burning process has a 
positive impact on the energy saving, final cost of the 
product and environmental performances of this 
process. The approaches targeting the decrease of
energy consumption and CO2 emission at Portland 

cement clinker manufacturing are mainly directed 
towards the improving the efficiency of the 
installations in order to diminish the heat loses as 
well as the substitution of raw materials and fossil 
fuels with alternative ones such as blast furnace slag, 
copper slag, fly ashes or used tires and oils, spent 
catalysts etc. (Holban et al., 2015; Oproiu and Voicu, 
2015). In the manufacture of Portland cement clinker 
can be used various types of secondary raw materials 
(e.g. waste and by-products) or alternative fuels, 
which can bring in the raw meal foreign elements (in 
lower concentration) that can act as mineralizer and 
may influence the hydration and hardening processes 
of cement (Bhatty, 1995; Chen and Juenger, 2009; 
Kakali et al., 1998; Niculae, 2009; Perraki et al., 
2002).

In the last twenty years, the interest for the use 
of mineralizers in the burning process of raw meal 
has grown due to the need to reuse as much as 


