
Setting time Cement Superplasticizer

RHEOLASER         

Rheolaser Master is based on Diffusing Wave Spectroscopy
(DWS), a multiple light scattering technique. Light is
backscattered by scatterers in the sample. The micro-
structure motion inside the sample (droplets, crystallites,
etc.), creates an interference pattern (Speckle Image).
Variation of this image in time is directly related to the
mobility of the scatterers. (Figure 1). The faster the Speckle
Image changes in time, the higher the mobility of the
microstructure. 
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Figure 1. Schematical representation of the measurement set-up.

Figure 3. Evolution of MSD during cement setting.

RESULTS

Figure 3 shows the MSD curves during the setting of cement. The
three steps described here-before, are indicated with the arrows. 
In the first period (1) the MSD curves are getting lower and longer,
indicating a lower (elasticity increases) and higher viscosity,
respectively. The violet arrow points backward, indicating shorter
curves, which can be attributed to the exothermic reaction. The
energy input increases particle motion. Finally, the MSD curves get
longer again with a new increase of viscosity in step 3.

By mathematical treatment, Mean Square Displacement
(MSD) curves are obtained (Figure 2), which contain the
viscoelastic information. Straight lines (blue) indicate a purely
viscous behavior of the sample. The viscosity can be
calculated as the Macroscopic Viscosity Index related to the
slope in a double-linear scale. Curves with a plateau (red)
indicate gel-like or solid-like behavior. The elasticity index is
calculated at the elastic plateau. The lower the plateau, the
higher the elasticity. 

Cement is used in many domains, such as building materials, petroleum fields and road
making. It is used to consolidate the oil wells and to maintain their zonal isolation, not
only for primary cementing but also after the well abandonment. Because their
injection is performed via pumping, it is necessary to control their rheology and their
workability time. Recently, superplasticizers (branched polymers) have been developed
to optimize cement rheology for various applications. 
This application note will show how Rheolaser Master provides an easy, simple, and
clean method to study this kind of "dirty" product.

Step 1: sulfate and gypsum dissolve in the water. This phase is
called “dormant” or induction and happens for few hours, the
cement paste does not evolve anymore and is still workable.
Step 2: the aluminate phase then reacts with the water to
form a gel, in just a few minutes, in a strongly exothermic
reaction.
Step 3: at the end of the previous period, the other phases of
the cement (alite and belite) start to react at a slower pace,
until the system reaches its final state after weeks of evolution.

The setting of cement is described in the literature as a 3 stages
process. Just after the mixing of water and cement:
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Figure 2.  Typical MSD curves during the setting of a sample.



RHEOLASER         

Polymer addition
Three formulations were studied. In addition to pure cement,
hydroxyethyl cellulose (HEC) and polyacrylamide (PAM) were
added in typical concentrations. Table 1 lists the time to reach
step 1, which is a measure of the workability of the cement.  

Rheolaser Master provides a clean and
simple way to study the setting of

cement. The screening of
superplasticizers and other additives can

easily be studied using disposable cells
and 6 independent measurement

positions.

Figure 4. Evolution of the Elasticity Index for two systems with differen
water-to-cement ratio. (a) 0.29 and (b) 0.40. Each system was mixed

with an increasing concentraiton of superplasticizer. 

CONCLUSION

Impact of additives on cement setting
Setting time and mechanical properties

Application Note: RHMAS-AN-12_Impact of additives on cement setting

www.formulaction.com 3-5 rue Paule raymondis - 31200 Toulouse, France

MASTER

Shortly after the EI increases rapidly, showing the beginning of the
setting. It can be seen, that the setting is delayed with increasing
SP concentration. In addition, increased SP concentration reduces
the final elasticity of the cement, facilitating better handling during
application. Increasing cement concentration reduces setting time.
The impact of the superplasticizer is also reduced. 
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These changes can be quantified thanks to the following
microrheological parameters: Elasticity Index (EI) and
Macroscopic Viscosity Index (MVI) as shown below.
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Figure 4. Influence of (a) formulation and (b) temperature on SLB to
improve printability. 

 Cement Cement +
PAM

Cement +
HEC 

Time to reach
the end of step 1

3 8 13

EI at the end of
step 1 (nm   )

31 20 25

The time to reach the end of step 1 is delayed by 8 or 13
hours depending on the polymer nature. HEC increases
more the workability time than PAM. 
Polymer addition decreases the elasticity. Indeed the
cement particles are substituted by polymer and
interactions between cement particles are greater than
interactions between cement and polymer, leading to a
weaker network.

Polymer addition in cement to form a composite modifies the
setting characteristic times and the rheological properties. 

Superplasticizers
Superplasticizers are special polymers with a comb-like
structure. They are added to cement formulation to increase
step 1 (setting time) and render the cement less brittle. 
Figure 4 shows the setting of two systems with a cement/water
ratio of 0.29 (A) and 0.4 (B). The higher the ratio, the higher the
cement content. Each system was studied with an increasing
amount of superplasticizers over two hours. To measure the
setting, the Elasticity Index is used. A higher index value
equates to higher elasticity. In the beginning, the EI is very low
as the cement is not yet solidified. 

Table 1. Time and Elasticity Index at the end of step 1 for three
different cement formulations. 
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