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Abstract 

 
Centrifugation method is employed for testing of 

rheological effectiveness of sulphonated melamine-
formaldehyde condensate plasticizer in calcium carbonate 
suspensions. It was found that yield values (critical normal 
and shear stresses) are governed by the dose of additive 
through the sorption of additive molecules on calcium 
carbonate particles. Moreover, critical normal stress 
increases with decrease of inter-particle volume of 
suspensions.  

 
 

Introduction  
 
Ceramic materials are typically fabricated from 

particles of the fine size range (i.e. less than 40 m). 
Concrete and mortar are classified as ceramic materials, 
although containing a considerable wide range of particle 
sizes – from less than 1 m up to 20 mm. This size range 
results from heterogeneous composition, which includes 
cement (5 to 60 m), mineral fillers (1 to 100 m), fine 
aggregates (0.1 to 5 mm) and coarse aggregates (4 to 
30 mm or higher in some special concretes) or stones1. 

It might be expected that the rheology of such 
complex material as concrete would be more complicated 
than that of one of its constituent materials – cement 
suspensions, but in fact fresh concrete provided to be 
simpler. Considerable practical progress has been made in 
concrete, and more recently, in mortar rheology2. 

In the respect of concrete rheology, test methods are 
divided into two groups in regard to whether the output of 
the experiment gives one or two parameters2. Slump, 

penetrating rod and K-slump tests are related to the yield 
stress because they measure the ability to start flowing. 
Ve-Be time or remolding, LCL-apparatus, vibration, flow 
cone, filling ability and Orimet apparatus tests are 
connected to the viscosity since they determine the ability 
of concrete to flow after the stress exceeds the yield stress. 
Combining these two variables should give a better 
description of the concrete flow properties3.  

Tentative steps have been made to develop a method 
that can measure both parameters at the same time. These 
tests are provided using rheometers (BRTHEOM, IBB, 
BML) which allow shearing at various rates, or a modified 
slump cone test1. 

Mortar can be considered to be fresh concrete without 
the coarse aggregates and its testing has attractions for the 
study of the effects of ingredients at small scale4.  

Rheological properties of cement suspensions are 
very important in terms of their influence on mechanical 
properties of concrete and the methods used for concrete 
are generally used in the cement suspensions rheology as 
well.  Because of the reactive complexity of hydration, 
phase segregation and the influence of organic additives 
there are many problems in the rheological measurements 
of cement suspensions5–12. 

The rheological studies of suspensions with mineral 
fillers are not as complicated as cement suspensions 
without fillers, because there is no influence of hydration 
on testing conditions. However, in spite of concentrated 
effort of many scientists, there is still a number of 
questions to be answered13.   

This paper presents the results obtained by 
a centrifugation method the principle of which is to 
determine the rheological (deformation) characteristics of 
suspensions and inter-particle volume after the action of 
external forces in a glass cell. Very fine quasi inert filler is 
used to avoid the influence of chemical reactions on the 
results.  

 
 

Theory of method 
 
The principle of centrifugation and parameters for 

method evaluation is described in detail in ref.14,15.  
After the action of external (centrifugal) forces, 

sedimentation of temporarily suspended solid particles 
(bleeding) starts, and a quasi-equilibrium state sets in after 
a certain period of storage. Grainy particles come into 
contact with each other and form a skeleton with gaps 
filled by an inter-particle solution. Its volume responds to 
the volume of gaps (inter-particle volume); the remaining 
amount of water is separated above the surface of the 
specimen14. Accordingly, the proportion of inter-particle 
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volume (M) can be calculated using the following 
relationship: 

Vd – volume of separated water (additive solution) after 
centrifugation (cm3), Vs, Vl – volumes of solid and liquid 
phases in suspensions before centrifugation (cm3). 

 
 

Experimental 
 
Calcium carbonate used contained 98.8 % CaCO3, 

0.35 % MgCO3, 0.45 % SiO2 and 0.3 % Al2O3. 
Suspensions for centrifugation measurements were 
prepared by mixing 13.5 grams of calcium carbonate and 
13.5 grams of different concentration melamine-
formaldehyde condensate based additive solution. The cell 
with suspension was immersed in an ultrasonic bath 
Laboratory 10 (2 THETA ASE, s.r.o, model PS-40 made 
in China ) for 15 minutes and centrifugation of the cells 
with suspensions was conducted immediately after 
homogenization (centrifugal maschine Rotofix 32, Hettich 
Zentrifugen, diameter of glass cell 2 cm). After 
centrifugation, the separated water fraction was carefully 
poured into a Petri dish. The weight of the cell with the 
remaining amount of the specimen and that of the Petri 
dish with separated solution (containing a small amount of 
ultrafine particles and dissolved CaCO3) were determined. 
The weight of separated water and the solid content in it 
were calculated from the weights of the Petri dish before 
and after 25 minutes of drying at 105 °C. Accordingly, 
inter-particle volume was calculated using Eq. (1). 

After centrifugation, sorption measurements followed. 
In this case, separated water was used for UV spectra 
analysis (Cecil CE 3041). The sorption was calculated 
using the relationship: 

Sr – adsorbed amount of organic molecules on the surface 
of solid phase after 15 minutes of interaction (mg g–1), V – 
volume of additive solution (cm3), c0 – initial additive 
concentration in the solution (mg cm–3), c1 – additive 
concentration in the liquid phase of suspensions after 
centrifugation (mg cm–3), mc – calcium carbonate mass (g). 

Further, size exclusion chromatography (Ultra-
hydrogelTM guard column from Water, Eschborn, 
Germany; liquid system containing 0.05 % water solution 
of sodium azide, and refractive index detector – RI 2414, 
Waters, Eschborn, Germany) revealed two main fractions 
of sulphonated melamine-formaldehyde condensate 
additive: 55 % of fraction with a molecular weight of 
350,000 g mol–1 and 30 % of fraction with a molecular 
weight of 9,000 g mol–1. 

 

Results and discussion 
 
In the respect of the testing additive effectiveness in 

calcium carbonate (CaCO3) suspensions, the impact of 
critical normal stress x and additive dose/additive sorption 
on inter-particle volume M was followed. The correlation 
characteristics obtained showed that the inter-particle volume 
is from about 90 % (R2 = 0.903) influenced by x  and 
additive dose (MF dose), and from 92 % (R2 = 0.917) 
governed by x and additive sorption (Figs. 1  and 2). As 
revealed from the figures, the increase in additive dose and 
x leads to decrease in the inter-particle volume. For 
example, the curve of M = 50.2 % shows the possibility of 
reduction of critical normal stress (x) from 400 kPa (0 % 
of MF dose) to 120 kPa (0.6 % of MF dose).  

Experimental verification of the critical shear stress  
decay with increasing of additive dose and sorption of 
additive molecules on CaCO3 particles are demonstrated in 
Figs. 3, 4. Moreover, the regression analysis of the testing 
variables (influence of inter-particle volume and additive 
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Fig. 2. Contour plot for inter-particle volume (M) as a func-
tion of critical normal stress (x) and MF sorption (Sr) – each 
contour line is labeled with a number corresponding to M value  

Fig. 1. Contour plot for inter-particle volume (M) as a func-
tion of critical normal stress (x) and MF dose (each contour 
line is labeled with a number corresponding to M value)  
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dose/sorption on ) displayed a good correlation (R2 was 
68 %).  

Decrease of   is in a certain relation with adsorption 
of organic molecules on CaCO3 particles, changing the 
zeta potential of particle surface to the negative values, 
deflocculation and improving suspension fluidity. In this 
respect, critical values of  can be used for rheological 
characterization of suspensions as well.  

 
Conclusions 

 
Rheological effectiveness of calcium carbonate 

suspensions modified with different doses of sulphonated 
melamine formaldehyde condensate based additive was 
tested using centrifugation. The impact of normal stress 
and additive dose/additive sorption on inter-particle 
volume as well as influence of inter-particle volume and 
additive dose/additive sorption on limiting shear stress was 
investigated using regression analysis.  

Regression analysis showed very good correlation 
characteristics between dependent and independent testing 
variables. On one hand, it was found that inter-particle 
volume of suspensions decreases with increase of normal 
stress on the frontal surface and additive dose/additive 
sorption; on the other hand, critical shear stress decreases 
with additive dose/additive sorption. 

 
This contribution was written with the support of the 

´Operational Program Education for Competitiveness´ co-
funded by the European Social Fund (ESF) and the 
national budget of the Czech Republic, within the project 
´Advanced Theoretical and Experimental Studies of 
Polymer Systems´ (reg. number: CZ.1.07/2.3.00/20.0104) 
and with the support of the ´Research and Development 
for Innovations´ Operational Programme co-funded by the 
European Regional Development Fund (ERDF) and the 
national budget of the Czech Republic, within the project 

entitled ´Centre of Polymer Systems´ (reg. number: 
CZ.1.05/2.1.00/03.0111). 

Special acknowledgement is dedicated to Professor 
Tibor Sebök (in memoriam). 

 
REFERENCES 
 

1. Ferraris F.: J. Res. Natl. Inst. Stand. Technol. 104, 
461 (1994). 

2. Banfill P. F. G.: 11th International Cement Chemistry 
Congress, Durban, May 2003, Conference 
Proceedings, p. 125. 

3. Roy D. M., Asaga K.: Cem. Concr. Res. 6, 731 
(1980). 

4. Banfill P. F. G.: Constr. Build Mater. 8, 43 (1994). 
5. Roy D.M., Asaga K.: Cem. Concr. Res. 2, 287 (1980). 
6. Schmidt G., Schlegel E.: Cem. Concr. Res. 32, 593 

(2002).  
7. Sebök T., Musil A.: Cem. Concr. Res. 16, 1 (1986).  
8. Kreppelt F., Weibel M., Zampini D., Romer M.: Cem. 

Concr. Res. 32, 187 (2002).  
9. Magee B. J., Alexander M. G.: Cem. Concr. Res. 

31,303 (2001). 
10. Aiad I., Abd El-Aleem S., El-Didamony H.: Cem. 

Concr. Res. 32, 1839 (2002).  
11. Naspod I., Agarwal S. K.: Cem. Concr. Res. 24, 291 

(1994). 
12. Uchikawa H., Hanehara D., Sasami D.: Cem. Concr. 

Res. 27, 37 (1997).  
13. Chandra S., Björrnström J.: Cem. Concr. Res. 32, 

1613 (2002). 
14. Paravanova G., Hausnerova B., Beltran-Prieto J. C.: J. 

Appl. Polym. Sci. DOI: 10.1002/app.38755.  
15. Paravanova G., Hausnerova B.: 6thInternational 

Conference on Times of Polymers and Composites, 
Ischia-Italy 10-14 June 2012, Conference Proceedings 
(DAmore A., Grassia L., Acierno D., ed.), p. 271. 

Fig. 3. Contour plot for critical shear stress () as a function of 
inter-particle volume (M) and MF dose (each contour line is 
labeled with a number corresponding to  value)  

Fig. 4. Contour plot for critical shear stress () as a function of 
inter-particle volume (M) and MF sorption (Sr) – each contour 
line is labeled with a number corresponding to  value  


