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Abstract: Experiments involving the use of the dynamic shear rheology technique utilising a parallel plate configuration 
were conducted to investigate changes in the rheological properties of Trinidad Portland cement paste blended with 
Lignosulfonic acid, acetate sodium salt additive. The rheological properties of plastic viscosity (PV) and yield stress (YS) of 
the cement blend as defined by Bingham were calculated. Water/cement ratios of 0.40, 0.45 and 0.50 were used with a 0 - 
0.50% additive at room temperature and the samples were tested at intervals of 10, 30, 60 and 90 minutes after mixing. The 
results showed maximum values of the PV between 0.05% and 0.10% admixture concentrations for the various water/cement 
ratios and time measurements. PV values were generally lower as water/cement ratios increased demonstrating 
improvements in the rheology. A PV value of 0.7 centipoise obtained with the control sample can be reproduced with the 
addition of approximately 0.05% admixture using 20% less water. Maximum values of YS generally occur between 0.05% 
and 0.10% admixture concentrations as a more compact, homogeneous paste system develops. Consistent with previous 
studies utilising this technique, YS data was generally sporadic. The ability to synthetically alter the rheological properties of 
Trinidad Portland cement adding a lignin based admixture can serve to optimise the strength, workability and shrinkage due 
to the reduced water-cement ratio. 
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1.  Introduction 
In recent times there has been a marked increase in the 
use of mineral admixtures to improve the durability of 
concrete. Economic considerations mainly due to the 
necessity for lower cement requirement as well as 
environmental considerations have also contributed 
towards the increase in the usage of admixtures (Ferraris 
et al., 2001). Chemical admixtures are known to improve 
specific physical and mechanical properties of 
cement/concrete blends by modifying pore/void 
structures and enhancing interfacial cohesion between 
aggregate and cement paste and have been used to 
improve the quality of the concrete during mixing, 
transporting, placement and curing (Grierson et al., 
2010; Faddi, 2011). However, the influence of 
admixtures on cement and concrete workability exhibits 
wide variability attributed to the origin of the raw 
material used in the cement manufacture, the place of 
manufacture, the cement composition and the type and 
concentration of the admixture (Collerpardi et al., 1983; 
Ben-Dor et al., 1985; Billingham and Coveney, 1993).  

2. Literature Review 
Concrete workability as defined by the American 
Concrete Institute (ACI) is the ease of placement of 
concrete, and practically is the ability of a fresh concrete 
mix to fill the form or mold without reducing the quality 
of the concrete. Workability is usually measured by the 
concrete slump test, following the ASTM C 143 or EN 
12350-2 test standards. These tests for measuring 
workability have proven to require a large amount of 
material and labour and are very expensive (Ferraris et 
al., 2001). Researchers have successfully employed 
rheology tests based on the Bingham equation to 
describe the flow of concrete (Ferraris, 1999; Banfill, 
2006; Mitsoulis, 2007; Mukhopadhyay and Jang, 2009). 
There are two basic parameters that characterise the 
rheology of the cement and concrete pastes: yield stress 
and plastic viscosity (Ferraris et al., 2001). As described 
by Ferraris et al. (2001), the yield stress is related to 
slump and the plastic viscosity is related to performance 
attributes such as stickiness, placeability, pumpability 
and finishability. 
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Lignosulfonates is a common plasticizer used in 
concrete manufacture where they reduce the amount of 
water required to make the concrete (giving stronger 
concrete) while still maintaining the ability of the 
concrete to flow and be pumped. Lignosulfonates are 
water-soluble anionic polyelectrolyte polymers obtained 
as a by-product in the production of wood pulp using 
sulfite pulping. The Howard process is a commonly used 
industrial method, in which 90–95% yields calcium 
lignosulfonates that are produced after precipitation with 
excess calcium hydroxide. They can also be separated 
from spent pulping liquids by Ultrafiltration and ion-
exchange techniques. Lignosulfonates are also used as 
grinding aids in the cement mill and as a slurry 
deflocculant. The characteristic of lignosulfonates to 
reduce the viscosity of mineral slurries is utilised in oil 
drilling mud applications (Lebo et al., 2001). 

In Trinidad and Tobago, research conducted by 
Grierson et al. (2004) investigated the influence of the 
admixture lignosulfonic acid, acetate sodium salt, on the 
chemical hydration of Trinidad Portland cement. They 
found that the lignin based admixture functioned as an 
inhibitor during hydration and as a dispersant, the 
ultimate effects manifested only during the latter stages 
of hydration, thereby improving the hardening properties 
of hydrated cements. Further work conducted by 
Grierson et al. (2010) measuring the influence of this 
admixture on the physical and mechanical properties of 
Trinidad Portland cement found that it altered the 
properties of apparent porosity (and water absorption), 
bulk density, compressive strength and setting times at 
different dosages and hydration times. 

Although chemical admixtures are known to 
improve specific physical and mechanical properties of 
cement/concrete blends (Ferraris et al., 2001), the ability 
to formulate dosages of admixtures to improve the 
workability and ultimate performance qualities of 
Trinidad Portland cement has not been possible due to 
the unavailability of comprehensive research 
information on the low shear rate rheological (flow) 
properties of the cement-admixture blend. The effect of 
the admixture on the rheological properties of yield 
stress and plastic viscosity on Trinidad Portland cement 
remains unclear and additional information in the 
literature has proven limited. The ability to synthetically 
alter the flow properties of Trinidad Portland cement 
using a lignin based admixture can be very profitable 
and more sustainable approach since this base material is 
readily available as a by-product derived from plants.  

Therefore, this paper seeks to investigate the 
rheological properties and in particular, the yield stress 
(YS) and plastic viscosity (PV) of Trinidad Portland 
cement blended with varying concentrations of 
lignosulfonic acid, acetate sodium salt, at different 
water/cement ratios.  
 

3. Experimental procedures 
3.1 The raw materials 
The cement used was commercial grade ordinary 
Portland cement manufactured by Trinidad Cement Ltd. 
The lignosulfonic acid, acetate sodium salt, was 
purchased from Sigma-Aldrich Company, (catalogue 
number 370983-10G, lot number 00515CUV).  
 
3.2 Sample Preparation 
The initial pastes used to prepare samples for the 
rheological studies were of water/cement ratio of 0.40 by 
weight and were carried out at room temperature while 
the additive/cement percentage covered the range 0 - 
0.50 %. The mass of the lignosulfonic acid, acetate 
sodium salt, admixture required was weighed using a 
Mettler Toledo AL204 analytical balance and dissolved 
in an amount of water appropriate to maintain the 
water/cement ratio constant at 0.40. The water 
containing the admixture and the cement were placed in 
a 25 ml beaker and mixed for two minutes using a digital 
IKA (Model RW20D) Overhead Stirrer, at 
approximately 450 rpm. This procedure was repeated for 
water cement ratios 0.45 and 0.50. The cement in the 
stated water/cement ratio is a combination of the mass of 
the cement and admixture. Table 1 shows the proportion 
of the constituents for the production of the different 
cement-additive blends for the different water/cement 
ratios. 
 

Table 1. The proportion of the constituents for the production of the 
different cement-additive blends for the different water/cement ratios 

 
 
 
 

% 
additive 

Mass of sample 20 g 
Water/Cement 

ratio 0.40 
Water/Cement 

ratio 0.45 
Water/Cement 

ratio 0.50 
Mass 

of 
water 

(g) 

Mass of 
additive 

(g) 

Mass 
of 

water 
(g) 

Mass of 
additive 

(g) 

Mass 
of 

water 
(g) 

Mass of 
additive 

(g) 

0.00 8.00 0.00 9.00 0.00 10.00 0.00 
0.05 8.00 0.01 9.00 0.01 10.00 0.01 
0.10 8.00 0.02 9.00 0.02 10.00 0.02 
0.30 8.00 0.06 9.00 0.06 10.00 0.06 
0.50 8.00 0.10 9.00 0.10 10.00 0.10 

 
 

3.3 Sample Characterisation 
The rheological properties of plastic viscosity and yield 
stress of the cement blends as defined by Bingham were 
determined using an ATS RheoSystems Dynamic Shear 
Rheometer (Viscoanalyzer DSR) as outlined by Banfill 
(2006) and Mukhopadhyay and Jang (2009). The DSR 
test geometry used was the plate–plate configuration 
(diameters 25mm) with a 1 mm gap (sample thickness) 
and the measurements were conducted at 25°C. The 
cement paste to be analysed was placed on the bottom 
plate using a syringe. The gap was set to 1mm and the 
excess cement paste removed using a spatula. The shear 
rate was slowly increased from 0 to 200/s in ten steps 
(representing the up curve of the hysteresis loop) and 
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then from 200 to 0/s in 10 steps (representing the down 
curve of the hysteresis loop) and the corresponding value 
of the shear stress recorded. The recorded value for each 
step in the up and down curves represented an average of 
5 values measured by the instrument. The various blends 
containing 0%, 0.05%, 0.10%, 0.30% and 0.50% of the 
admixture by weight at water/cement ratios 0.40, 0.45 
and 0.50 (a total of 15 different blends) were subjected 
to this analysis. Each of these blends was tested after 
intervals of 10, 30, 60 and 90 minutes after mixing. 

The results obtained were analysed using the 
Viscoanalyzer software. Consistent with the 
methodology outlined by Banfill (2006) and 
Mukhopadhyay and Jang (2009), the values of the 
rheological parameters associated with the plastic 
viscosity and yield stress for each sample were 
determined from the plot of shear rate versus shear stress 
whereby the plastic viscosity was calculated from the 
slope of the linear region of the down curve (decreasing 
shear rate) and the yield stress was calculated from the 
intercept of the down curve and the y-axis. 
 
4. Results and Discussion 
Figure 1 shows the hysteresis loop for the blend at 0.40 
water cement (w/c) ratio containing 0.10% admixture 10 
minutes after mixing and the curve was typical of those 
obtained for all the cement-lignosulfonic acid, acetate 
sodium salt, admixture blends analysed in this study. 
This blend was randomly chosen to highlight 
consistency with previous work conducted by Banfill 
(2006) and Mukhopadhyay and Jang (2009).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Graph shows the typical up and down curves for the sample 

at 0.4 w/c ratio containing 0.1% admixture after 10 minute 

 
As seen in this example and from the equation of 

the linearized down line of the hysteresis loop (y = 1.18x 
+ 4.40), the intercept of the down curve with the y-axis 
was 4.40 Pa and represents the yield stress (YS) of the 
blend whereas the gradient of the line was calculated to 
be 1.18 centipoise and represents the plastic viscosity 
(PV) of the blend.  

The rheological parameter of PV as a function of 
admixture concentration for water/cement ratios 0.40, 
0.45 and 0.50 for a time of 10 minutes after mixing is 
shown in Figure 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Plastic Viscosity vs. Admixture Concentration for various 
water/cement ratios after a mixing time of 10 minutes 

 
The results demonstrate that after 10 minutes a 

maximum value of the PV was observed between 0.05% 
and 0.10% admixture concentrations. This indicates that 
the cement pastes containing these levels of admixtures 
demonstrate a relatively higher resistance to flow as it is 
relatively viscous due to the existence of greater 
amounts of colloidal solids (Alp et al., 1986). This 
observation correlates with results from a previous study 
conducted by Grierson et al. (2010) as they observed that 
the apparent porosity and the related parameter of water 
absorption of Trinidad Portland cement containing 
lignosulfonic acid, acetate sodium salt, at various aging 
times were generally lower for blends containing 0.05% 
plasticiser concentration. Grierson et al. (2010) 
associated these observed reductions at the 0.05% level 
of admixture with an increase in the inter-particle 
attraction between the cement particles, thus increasing 
agglomeration and reducing dispersion or deflocculation 
giving rise to a more homogeneous, compact paste 
system of lower porosity. However, at concentrations > 
0.10%, they found that the lignin based surfactant 
sufficiently lowers the surface energy of the water, and 
thus the surface tension, allowing air entrainment to 
occur, resulting in higher porosity values. 

The observations represented in Figure 2 also show 
that PV values were generally lower as water/cement 
ratios increased. Previous work conducted by Ferraris et 
al. (2001), obtained similar trends when investigating the 
influence of different water/cement ratios on the 
rheological properties of cement blends containing 
ultrafine fly ash. The purpose of their study was 
primarily to determine the level of water reduction 
accomplished by using the ultrafine fly ash admixture 
while maintaining the same YS and/or PV. In other 
words, the objective was to quantify the reduction of the 
water requirement due to the addition of ultrafine flyash 
or in our case lignosulfonic acid, acetate sodium salt, to 
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the cement paste while maintaining the same YS and PV 
as the control. As can be seen from Figure 2, a PV value 
of 0.7 centipoise obtained with the control sample (no 
admixture added) at a water cement ratio of 0.50 can be 
obtained with the addition of approximately 0.05% 
lignosulfonic acid, acetate sodium salt, admixture with a 
20% reduction in water requirement (water/cement ratio 
0.4). This specific observation demonstrates a distinct 
advantage (reduction in water requirement) obtained in 
the rheological properties of the Trinidad cement paste 
blended with the lignin based additive and offered 
supporting evidence for previous work documented by 
Lebo et al., (2001).  

The variation of PV with time after mixing for the 
different additive concentrations at a water/cement ratio 
of 0.50 is shown in Figure 3. What is most evident from 
the relationships obtained is that the PV value was 
highest for the paste containing 0.10% admixture for all 
the setting times measured. The blend containing 0.05% 
additive demonstrated a marginal increase in the PV 
compared to the control sample. As previously 
explained, this occurrence can be attributed to an 
increase in the inter-particle attraction and 
agglomeration thus reducing dispersion or deflocculation 
which gives rise to a more homogeneous, compact paste 
system of lower porosity and higher PV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Plastic Viscosity vs. Time for the various Admixture 
Concentration at a water/cement ratios of 0.5 

 
The unique rheological behaviour of the blends 

containing 0.05% and 0.10% additive was further 
exemplified in Figure 3 as these two blends 
demonstrated an initial decrease in their PV after 30 
minutes after which the values gradually rise as the 
cement hydration processes continue and the pastes 
harden. The pastes containing 0.30% and 0.50% showed 
an opposite trend as the PV of the pastes maximised 
after 30 minutes. Although the PV of the paste 
containing 0.50% admixture subsequently increased 
after 90 minutes, the paste containing 0.30% admixture 
demonstrated a continued downward trend in the value 
of PV. The unique behaviour of the cement paste 
containing 0.30% admixture was previously observed by 

Grierson et al. (2010) where attempted measurements of 
physical parameters of porosity and bulk density at 
higher concentrations (>0.1%) of lignosulfonic acid, 
sodium salt, acetate in Trinidad Portland cement were 
not possible even after 2 days as the samples were too 
liquefied in nature.  

As explained by Grierson et al. (2010), cement 
pastes containing high levels of this admixture (>0.1%) 
result in significant  retardation of the hydration process 
of the cement particles which results in a highly 
dispersed, low viscosity substance. Studies conducted by 
Maximilien et al., (1997) and Grierson et al. (2004) 
associated changes in the hydration times with Ca2 + ion 
release. Grierson et al. (2004) found that the magnitude 
of the conductivity change of cement pastes containing 
0% and 0.05% plasticiser was similar however the 
change was greater for the sample with 0.50% 
plasticizer. They suggested that while low 
concentrations of the plasticiser have little or no control 
over the release Ca2+ ions into the solution, blends 
containing 0.50% admixture or more act to inhibit Ca2 

+release. Their observations showed that there is 
competition between the principal hydration reaction 
which causes the paste to harden and a plasticiser-
induced inhibition of Ca2+ release, with the inhibition 
process dominating at 0.5% plasticiser concentration. At 
these high admixture levels, poisoning of the process of 
crystalline ettringite formation probably occurs which 
reduces initial C3S hydration resulting in the highly 
dispersed and liquefied sample with a low PV as 
observed in this study.  

Figure 4 shows the variation of Yield Stress (YS) as 
a function of Admixture concentration for water/cement 
ratios 0.40, 0.45 and 0.50 for times after mixing of 10 
minutes. The maximum value of YS occurred at 0.05% 
concentration.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Yield Stress vs. Admixture Concentration for various 
water/cement ratios after a mixing time of 10 minutes 

 
Figure 5 also shows the variation of Yield Stress 

(YS) as a function of Admixture concentration but for 
times after mixing of 30 minutes. The maximum value 
of YS occurred at 0.10% concentration. The maximum 
values of YS occurred within the concentration range of 
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0.05% to 0.10% for times after mixing of 60 and 90 
minutes as well.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Yield Stress vs. Admixture Concentration for various 
water/cement ratios after a mixing time of 30 minutes 

 
As explained by Grierson et al. (2010), yield stress 

is associated with slump and again the higher values 
observed between 0.05% and 0.10% can be associated 
with a reduction in the inter-particle attraction, and 
agglomeration of the cement particles and effecting 
dispersion or deflocculation. At these low concentrations 
of admixture, a more compact, homogeneous paste 
system with higher slump develops. It must be noted 
however that presentation of additional Yield Stress data 
proved difficult as these values were generally sporadic. 
The sporadic nature of the calculated YS data is not 
unique to this study and has also been reported by other 
researchers (Nedhi and Rahman, 2004), who associated 
errors in reliability when estimating yield stress values. 
 
5. Conclusions 
The addition of lignosulfonic acid, acetate sodium salt, 
to Trinidad Portland cement resulted in changes in the 
rheological properties of the blends as demonstrated by 
changes of both the PV and YS of the modified pastes. 
The results showed the following: 
1) Maximum values of the PV were observed between 

0.05 and 0.10% admixture concentrations for the 
various water/cement ratios and time measurements. 

2) PV values were generally lower as water/cement 
ratios increased demonstrating improvements of the 
Trinidad cement paste blended with the additive. 
Addition of lignosulfonic acid, acetate sodium salt, 
can be used to obtain the same yield stress and PV 
as the control using significantly less water. 

3) Maximum values of YS (directly associated with 
slump) also occurred between 0.05% and 0.10% 
addition of lignosulfonic acid, acetate sodium salt, 
for all water/cement ratios as a more compact, 
homogeneous paste system develops. Yield Stress 
data were generally sporadic associated with the 
reliability of estimating yield stress values. 

Water-cement ratios beyond a minimum, generally 
0.4, are required for suitable workability.  However high 
water-cement ratios cause decrease in compressive 
strength and increase in shrinkage of concrete during 
curing and hence increased cracking.  Therefore a 
compromise between strength, workability and 
shrinkage is necessary.  Organic plasticisers allow better 
maintenance of workability of cement pastes at lower 
water-cement ratios with their expected improved 
hydrated cement properties.  There is a drive to develop 
new improved plasticisers/superplasticisers with even 
lower workable water-cement ratios, especially those 
based on quasi-natural materials such as lignosulphonate 
(a derivative of wood pulp).  The workability, i.e. plastic 
viscosity (PV) and yield stress (YS), results shown for 
(0.05 – 0.50%) lignosulphonate, sodium salt, acetate 
cement admixture compositions in this work (and from 
our previous work) make it a good candidate plasticiser 
for commercial use in the cement and concrete industry. 
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