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Microsilica and Plasticizing Admixtures Influence on Cement Slurry Dilatancy
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Cement slurries and concrete mixtures have dilatant behaviour in their flow. This has negative influence on the mixtures
transportation by concrete pumps. Therefore, it is important to know the factors that have effect on the mixtures
dilatancy. The influence of microsilica and plasticizing admixtures on mixtures dilatancy is investigated in this work.
Rheological properties of the mixtures were tested with a rotating viscometer with coaxial cylinders. Two indexes of
mixtures dilatancy were evaluated as well investigation results of show that microsilica additives increase yield stress of
cement slurry and reduce its viscosity and greatly reduce dilatancy of cement slurry due to its particles fineness and its
spherical shape. Microsilica suspension with complex used with plasticizing admixtures has different effect on the
dilatancy depending on chemical composition of admixture.
Keywords: cement, microsilica, slurry, yield stress, viscosity, viscometer, dilatancy.

INTRODUCTION

The research of cement slurry rheological properties
using rotational viscometer with coaxial cylinders revealed
that cement slurries behaviour as Bingham plastic fluid and
may be characterized by shear stresses (Pa) and plastic
viscosity (Pa-s). Previous experiments revealed that cement
slurries are dilatant materials [1—4] possessing thixotropic
properties [5, 6], i.e. rheological characteristics of the
cement slurries depend on mechanical impact. Thixotropy
usually becomes apparent during vibration when shear
stress and viscosity go down. The system becomes dilatant
when viscosity increases with increased shear stress.

The most common explanation of dilatancy is the
example of walking on the beach when wet sand around
and under your footsteps becomes ‘dry’, however it gets
wet again as you walk away. The authors [7, 8] explain this
phenomenon by the change of volumetric distribution and
increased porosity of sand particles. Part of the water
penetrates into the opened pores and the sand becomes
‘dry’. When the pressure from the foot stops, the sand
particles return to their previous position, the porosity
reduces and free water comes up.

The first investigation into dilatancy phenomenon was
carried out by O. Reynolds [9]. According to the author,
the increase of system viscosity can be explained by the
increase of disperse system volume after the change of
solid particles volume displacement caused by the move-
ment of particles to each other. The disperse system
volume increase causes the relative decrease of disperse
medium volume and the increase of system viscosity. Solid
pyramidal particle distribution takes up a minimum vol-
ume. After affect of shear force the volumetric distribution
of solid particles can be changed to cubic distribution that
will increase the volume occupied by solid particles by
1.41 times.

H. Freundlich and H.Roder [10] described the
mechanism of dilatancy using the experiment with quartz
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and starch water suspensions, where volumetric concentra-
tion of solid particles was 0.42—0.45. When suspension
flow rates are low, solid particles can slide against each
other without any significant distortion of the system that
causes the system to thicken. When suspension flow rates
are high, the system structure is distorted and interacting
particles form a more open structure. The dosage of liquid
phase in the system decreases as a result of bigger hollow
spaces between the particles and the system stiffens. The
dosage of liquid phase is insufficient to reduce friction
between solid particles. Dilatancy of disperse systems has
not been researched completely as in many cases the nature
of dilatancy remains unclear.

According to the authors [11], yield stress of cement
slurry go down by increasing the dosage of dispersive ad-
ditives, however viscosity of the slurry changes depending
on the additive type and content. According to the effect on
yield stress of the slurry diffusing admixtures may be clas-
sified as follows: blast furnace slag>limestone>
>microsilica> fly ash (replacing 10 % of cement content
by these admixtures). When 35 % of the blast furnace slag
is added yield stress and viscosity of the slurry are
significantly reduced. Ch. F. Ferarri, K. H. Obla and R. Hill
having researched the effect of different mineral
admixtures and determined that fine fly ash particles had
the biggest effect on reducing yield stress and viscosity of

the slurry [12].
F. Cursio, B. A. De Angeli analyzed cement slurries
with  rotational viscometer, compared rheological

properties of the slurry with metakaolin and microsilica
and determined that slurries with metakaolin possess less
thixotropy, while microsilica increases the thixotropy of
the slurry [13]. Dilatancy is explained as friction in
suspension between contacting hard angular and flat
metakaolin particles. Dilatancy depends on the rate of
water and binding material, metakaolin content and
fineness. M. Cyr, C. Legrand, M. Mouret researched the
effect of mineral admixtures on dilatancy of the slurry and
determined that metakaolin increases dilatancy of the
slurry, quartz and fly ash have no effect, while microsilica
reduces dilatancy of the slurry [14].



According to the authors [15], active dispersive
additives due to their big specific surface area increase
water content required to prepare cement slurry of required
consistency. Active dispersive additives used together with
plasticizing admixtures change diffusive properties of the
adsorption layer of the cement particles and accelerate
hydration of cement, however reduce the plasticizing effect
on the cement slurry.

J. Gallias and co-authors [16] analyzed the effect of
granulometric  characteristics of mineral additives
(suspensions of finely ground quartz, dolomite, diatomite,
kaolin, limestone and microsilica) on cement slurry water
demand to obtain the required workability of the slurry
without using chemical admixtures which decrease water
demand. Cement slurry water demand depends on the
specific surface area (m’/kg) of fine ground mineral
additives used. Irregular particle morphology of certain
mineral additives significantly increases water demand. In
the opinion of the authors, mineral additives with broad
particle size distribution may reduce cement slurry water
demand.

A. Sicker and co-authors [17], having analyzed the
effect of different tuffs (microsilica suspension and
metakaolin particles) and superplasticizers of different
chemical composition to rheological properties of the
mortar, determined that viscosity rate of the mortar with
microsilica suspension and different plasticizers was lower
compared to the viscosity rate of mortar with metakaolin
and the same chemical admixtures.

The purpose of this research was to analyze the effect
of microsilica suspension and plasticizers of different
chemical composition on rheological properties of cement
slurries by using a rotational viscometer with coaxial
cylinders and offer dilatancy assessment ratios.

EXPERIMENTAL PROCEDURE

For the test JSC “Akmenés cementas” Portland cement
CEM I 42.5 R was used. Water demand for normal
consistency Portland cement slurry — 27.5 %, specific sur-
face area — 353 m’/kg, particle density — 3110 kg/m’, dry
bulk density — 1220 kg/m’. The active dispersive additive
used was microsilica (SiO,) suspension Centrilit Fume S
(SF) with particle size 50—100 times smaller than cement
particle size, suspension density — 1380 kg/m’, solid sub-
stance content — 50 £1 %. The cement slurry was mixed
manually about 5 min. Cement and microsilica shape and
surface area microscopic tests were performed using a
scanning electron microscope JSM-5600 (firm JEOL). The
surface tension of microsilica and cement and microsilica
suspensions was determined by Rebinder apparatus while
measuring the maximum pressure of gas bubbles.

The plasticizing admixtures used are as follows: plas-
ticizer SMR (L) based on lignosulphonates, solution den-
sity — 1.14 kg/l; superplasticizer Rebamix F2 (FM) (SNF)
based on naphtalenformaldehyde resin, the solution density
— 1.09 kg/l, superplasticizer Glenium 127 (PP) based on
polycarboxyl polymers, the solution density 1.10 kg/l. The
plasticizing admixtures were mixed with water, used for
slurry preparation. Total dosage of admixtures was in the
range from 0.2 % to 1.0 % of cement mass.
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The cement slurries rheological properties were tested
using a rotational viscometer with coaxial cylinders
BCH-3. The simplified scheme of the rotational viscometer
is displayed on Figure 1.

The cement slurry is poured into a container (3)
(external cylinder), which is fixed non-movably into the
equipment stand. Inside the external the internal cylinder
(2) can rotate. Because of the intrinsic friction of the layers
of the cement slurry (4) appearing between the rotating
internal cylinder and the cylinder (1) positioned in the
internal cylinder and connected to a measuring scale; the
internal cylinder (1) makes a turn and the data displayed on
the measuring scale changes. The gap between the rotating
internal cylinder (1) and the cylinder inside it is 2 mm.

BN =

I ds

Fig. 1. Scheme of the rotational viscometer with coaxial
cylinders: 1 — cylinder connected with measuring scale
(r=20 mm, & =60 mm); 2 — internal (rotating) cylinder;
3 — external (fixed) cylinder; 4 — cement slurry

The cement slurry viscosity is tested at various speeds
of the rotating cylinder — 200, 300, 400, 600 r.p.m.
According to the scale display, the shear force F (mN) is
calculated out on the calibration curve. The calibration
curve depends on viscometer springs stiffness.

Shear rate ;_/, for the different rotating speed of the
cylinder (2), is calculated using the equation:
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where: 7 is the radius of cylinder, connected to the scale,
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m; n; is the cylinder rotation speed (i =1,4), r.p.m.; d, is
the distance between the (1) and (2) cylinders, m.

Shear stresses 7 in cement slurry, are calculated using
the equation:
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where: F; is the shear force, calculated from the calibration
curve according to the scale turning angle, mN; » and 4 are
the radius and height (m) of the cylinder, connected to the
measuring scale.

The viscosity of cement slurry 7;, is calculated using
the equation:
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where: 7 is the yield stress, found out of 7_/— 7 curve — the

point, in which the curve crosses 7 axis.

Cement slurry dilatancy is suggested to evaluate using
the index D, which is calculated by increment of viscosity
caused by shear stress increase using the equation [1-3]:
D= ﬂ’ m, (4)

AT Pa
where: A7 and At are the cement slurries viscosity (Pa-s)
and shear stresses (Pa) differences, when the shear rate are
is 630 s ' and 205 5.

It is advisable to calculate the dilatancy ratio D at the
lowest and the highest shear stress obtained by measuring
rheological properties of the cement slurry, depending on
the viscometer. The cement slurry dilatancy index D shows
the increase of viscosity caused by shear stress increment
from 205 s to 630 s .

The cement slurry dilatancy can be evaluated by
another index D;, which can be calculated from the
viscosity curve inclination angle versus the shear rate. The
dilatancy index D, can be calculated from equation:

D =tga =27 pas 5)
Ay

where: « is the angle of viscosity curve to shear rate axis.

The tangent line is obtained from the viscosity curve by

approximating viscosity values using linear function.

V7]

Viscosity, Pa-s

Shear rate, s

Fig. 2. Viscosity of slurry or mixture dependence on shear rate

Dilatancy index D; describes the increment of
viscosity of slurry or mixture increasing the shear rate from
2055 t0 630 .

The dilatancy indexes D or D; can be calculated
subject to the factors analyzed the flow — shear stress or
share rate.

RESULTS AND DISCUSSIONS

The flow curves of cement slurry (W/C = 0.55) with
different dosage of microsilica suspension (Centrilit Fume
S (SF)) (replacing 3 %—12 % of cement content) are
presented in Fig. 3. The inclination angle of flow curves
show that microsilica suspension reduces the dilatancy of
cement slurry. When 3 % and 6 % of cement mass is
replaced by active mineral additives, the flow curves come
closer to a line compared with the slurry without additive.
When 9 % of cement mass are replaced by active mineral
additive, the flow curve corresponds to the linear Bingham
model. With the biggest dosage of microsilica additive, the
flow curve corresponds to the pseudo plastic fluid flow
curve.
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Fig. 3. Dependence of the Portland cement slurry shear rate on
shear stress when 3 % —12 % of cement mass is replaced
by microsilica additive

Analysis of cement particles by electronical scanning
microscope showed that the edges of most Portland cement
particles are polished during grinding, therefore most of
these particles have a shape similar to a cube or even a
sphere (Fig. 4, a and b).

Fig. 4. Microphotographs: Portland cement particle (a) and
Portland cement particle accumulations (b)

This finding was made after random microscopic
analysis of forty Portland cement particles, which diameter
was about 3 pm—60 pm.

Microscopic analysis results (Fig. 5, a and b) show that
microsilica, although very tiny, less than 1 um (Fig. 5, a),
bind firmly together into agglomerates of the size of
cement particles (Fig. 5, b). Therefore it is very important



Fig. 5. Microphotographs: microsilica particle (a) and dried
microsilica suspension (b)

to use a proper method of mixing microsilica to avoid
formation of such agglomerates in the cement slurry. For
this reason, during the research, microsilica was mixed in
the form of suspension. The microphotographs also show
that microsilica is of ideal spherical form (Fig. 5, a), which
has a great influence on rheological properties of the
slurry.

Fig. 6, a, illustrates the dependence of cement slurry
(W/C=0.55) with different dosage of microsilica
suspension (replacing 3 %—12 % of the cement mass)
yield stress on the additive content. The curve shows that
due to the particle fineness microsilica suspension additive
significantly increases yield stress of cement slurry when
3% to 12 % of the cement mass is replaced by active
dispersive additive.

Dependence of cement slurry (W/C=0.55) with
different dosage of microsilica suspension viscosity on the
dosage of additive at the shear rate gradient 205 s and
630 s is presented in Fig. 6, b). The curves in this figure
show that when 12 % of the cement mass is replaced by
microsilica suspension, the viscosity of cement slurry
reduces both at low shear rate gradient (205 s™') and high
rate gradient (630 s™).

Dependence of cement slurry (W/C=0.55) with
different dosage of microsilica suspension dilatancy ratios
D and D, on the dosage of additive is presented in Fig. 7.

The curves in this figure show that the microsilica
additive replacing up to 5% of the cement mass
significantly reduces dilatancy of the cement slurry, while

bigger dosage of this additive has almost no effect on the
dilatancy of the slurry. The significant drop of dilatancy of
the cement slurry with microsilica additive may be
explained by the fineness of additive particles compared to
cement particles and spherical form of these particles
(Fig. 5, a). The aforementioned factors reduce frictional
force between cement particles in the slurry. The dosage of
dispersive additive affecting the dilatancy of the slurry is
up to 9 % of the cement mass.
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Fig. 6. Microsilica content effect on the yield stress (a) and
viscosity (b) of Portland cement slurry at the shear rate
gradient 205 s~ and 630 5™
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Fig. 7. Microsilica content effect on the dilatancy D and D, of the
cement slurry

The flow curves of cement slurry (W/C = 0.55) with
microsilica suspension (replacing 3 %—12 % of the ce-



ment mass) and the slurry with fixed dosage of plasticizers
(0.6 % of cement mass) are different: cement slurry with
microsilica suspension and PP superplasticizer have a more
sloping curve compared to the cement slurry with
microsilica suspension, plasticizer L and superplasticizer
SNF; when 12 % of cement mass is replaced by active
dispersive additive the flow curves of the slurry with plas-
ticizer L and superplasticizer SNF almost correspond to the
linear Bingham model. The flow curve of cement slurry
without chemical admixture and with the biggest dosage of
microsilica suspension corresponds to pseudo plastic fluid
flow curve (Figure 3).

The dependence of cement slurry (W/C = 0.55) with
fixed dosage of plasticizing admixtures (0.6 % of cement
mass) yield stress on the dosage of microsilica suspension
is presented in Fig. 8. This figure illustrates that with the
increase of active dispersive additive in the slurry from
3% to 12 % of the cement mass and with fixed dosage of
plasticizing admixtures (0.6 % of cement mass) the yield
stress of the slurry increases with plasticizer L and super-
plasticizer SNF, and almost does not change with super-
plasticizer PP. Microsilica suspension without chemical
admixtures increases yield stress of cement slurry, when up
to 12 % of cement mass is replaced by active diffusing
admixture (Fig. 6, a).
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Fig. 8. Microsilica content effect on the yield stress of the cement
slurry with the different plasticizing admixtures: 1 — with
plasticizer L; 2 — with superplasticizer SNF; 3 — with
superplasticizer PP

The dependence of cement slurry (W/C = 0.55) with
fixed dosage of plasticizing admixtures (0.6 % of cement
mass) viscosity on the dosage of microsilica suspension at
the rate gradient 205 s (a) and 630 s ' (b) is illustrated in
Fig. 9. The curves in this figure show that, with the in-
crease of active dispersive additive dosage from 3 % to
12 % of cement mass and unchanging dosage of plasticiz-
ing admixtures (0.6 % of cement mass), viscosity of the
slurry at lower rate gradient goes up with plasticizer L and
goes down with superplasticizer SNF and superplasticizer
PP. At higher rate gradient viscosity of the cement slurry
with all plasticizing admixtures goes down (Fig. 9, b) if the
dosage of microsilica suspension is increased. This proves
that microsilica used together with plasticizing admixtures
reduces dilatancy of cement slurries.

The increase of cement slurry with plasticizing
admixtures viscosity with the increase of active dispersive
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additive dosage may be explained by the adsorption of
plasticizing admixture on the surface of cement or SiO,
particles, i.e. lower content of the admixture in liquid
phase and increased surface tension of the fluid. The effect
of microsilica on the surface tension of plasticizing
admixture solutions is illustrated in Fig. 10, a). Suspension
composition is as follows: 3 grams of microsilica, 1 ml of
plasticizing admixture and 10 ml of distilled water.

0.03

0.025
g
W

>

0.02
0.015

0.01 E(Aﬁ-a—a\ﬁ

0.005 ~

Viscosit

0 T T T 1
0 3 6 9 12
Microsilica content, %
b

Fig. 9. Microsilica content effect on the viscosity of the cement
slurry at different shear rates 205 s~ (a) and 630 s (b)
and with different plasticizing admixtures: 1 — with
plasticizer L; 2 — with superplasticizer SNF; 3 — with
superplasticizer PP

The total effect of microsilica and cement on the sur-
face tension plasticizing admixture solutions is illustrated
in Fig. 10, b). Suspension composition is the following:
3 grams of cement, 1 gram of microsilica, 1 ml of plasticiz-
ing admixture and 10 ml of distilled water. The total effect
of microsilica and cement on the surface tension
plasticizing admixture solutions is slightly bigger than the
effect of microsilica alone (Fig. 9, a). Surface tension of
cement and active dispersive additive (SiO,) suspensions
increase as a result of plasticizing admixture adsorption on
the surface of cement or SiO, particles, i.e. the reduced
content of plasticizing admixture in liquid phase. Surface
tension of cement and microsilica suspensions increases
with time. When high strength hardened cement paste with
active dispersive additives is produced effective
plasticizing admixtures must be used because plasticizing
effect reduces when molecules of the plasticizing agent
adsorb on the surface of microsilica.
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Fig. 10. Time effect on the surface tension of the microsilica
additive (a) and cement and microsilica additive (b) with
different plasticizing admixtures: 1 — with superplasti-
cizer PP; 2 — with superplasticizer SNF

The dependence of cement slurry (W/C = 0.55) with
fixed dosage of plasticizing admixtures (0.6 % of cement
mass) dilatancy ratios D and D; on the dosage of mi-
crosilica suspension is illustrated in Fig. 11. This figure
illustrates that, with the increase of active dispersive addi-
tive dosage replacing from 3 % to 12 % of cement mass
and with a fixed dosage of plasticizing admixtures (0.6 %
of cement mass), slurry dilatancy ratios D and D; drop
down with plasticizer L and superplasticizer SNF, and re-
main almost unchanged with superplasticizer PP.
Superplasticizer PP has a greater effect on cement slurry
dilatancy than the dosage of active dispersive additive.
Microsilica suspension without chemical agents signifi-
cantly reduces cement slurry dilatancy when up to 12 % of
cement mass is replaced with active dispersive additive
(Fig. 7).

The type of cement slurry (W/C=0.55) with fixed
dosage of microsilica suspension (replacing 9 % of cement
mass) and different dosage of plasticizing admixtures
(0.2%—-1.0% of cement mass), irrespective of their
chemical composition, flow curves are close to the flow
curve of dilatant fluids: the flow curve of cement slurry
(9 % of cement mass replaced with microsilica suspension)
without chemical agent corresponds to the linear Bingham
model; flow curves of cement slurry with fixed dosage of
microsilica suspension and different dosage of superplasti-
cizer PP are more sloped compared to the flow curves of
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cement slurry (9 % of cement mass replaced) with different
dosage of plasticizer L and superplasticizer SNF. Super-
plasticizer PP has a greater effect on cement slurry
dilatancy than the dosage of active dispersive additive.
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Fig. 11. Microsilica content effect on the dilatancy D (a) and D,
(b) of cement slurry with different plasticizing admix-
tures: 1 — with plasticizer L; 2 — with superplasticizer
SNF; 3 — with superplasticizer PP

The dependence of cement slurry (W/C = 0.55) with
fixed dosage of microsilica suspension (9 % of cement
mass replaced) yield stress on different plasticizing
admixtures is illustrated in Fig. 12.

This figure illustrates that, with the increase of the
dosage of plasticizing admixtures from 0.2 % to 1.0 % of
cement mass and having the same dosage of microsilica
suspension (9 % of cement mass), yield stress of the slurry
goes down irrespective of the chemical composition of
plasticizing admixture. The greatest drop in cement slurry
yield stress was noticed with superplasticizer PP, less sig-
nificant drop occurred with plasticizer L and superplasti-
cizer SNF. Microsilica suspension without chemical agents
increases cement slurry yield stress when 9 % of cement
mass is replaced with active dispersive additive (Fig. 6, a).

The dependence of cement slurry (W/C = 0.55) with
fixed dosage of microsilica suspension (replacing 9 % of
cement mass) viscosity on different dosage of plasticizing
admixtures at rate gradients 205 s (a) and 630s™ (b) is
illustrated in Fig. 13.

Curves in this figure illustrate that with the increase of
the dosage of plasticizing admixtures (irrespective of their
chemical composition) in the slurry from 0.2 % to 1.0 % of
cement mass and having a fixed dosage of microsilica



suspension (replacing 9 % of cement mass) viscosity of the
slurry goes down both at high and low rate gradient.
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Fig. 12. Plasticizing admixtures dosage effect on the yield stress
of the cement slurry with fixed dosage of microsilica and
different admixtures: 1 — with plasticizer L; 2 — with
superplasticizer SNF; 3 — with superplasticizer PP
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Fig. 13. Plasticizing admixtures dosage effect on the viscosity of
the cement slurry with fixed dosage of microsilica at dif-
ferent shear rates 205 s~ (a) and 630 s™! (b) and different
admixtures: 1 — with plasticizer L; 2 — with superplasti-
cizer SNF; 3 — with superplasticizer PP

Dependence of cement slurry (W/C = 0.55) with fixed
dosage of microsilica suspension (replacing 9 % of cement
mass) dilatancy ratios D and D; on different dosage of
plasticizing admixtures is illustrated in Fig. 14.

Plasticizing admixtures increase dilatancy of the
slurry. Curves in Fig. 14 illustrate that with the increase of
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plasticizing admixture dosage in cement slurry from 0.2 %
to 1.0 % of cement mass and with fixed dosage of mi-
crosilica suspension (9 % of cement mass), dilatancy ratios
D and D; are the highest in the slurry with superplasticizer
PP, and lower in slurries with superplasticizer SNF and
with plasticizer L.
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Fig. 14. Plasticizing admixtures dosage effect on the dilatancy D
(a) and D; (b) of the cement slurry with different ad-
mixtures: 1 — with plasticizer L; 2 — with superplasticizer
SNF; 3 — with superplasticizer PP

CONCLUSIONS

1.  Microsilica additive increases yield stresses of ce-
ment slurry and reduces its viscosity with the
increases microsilica content in the slurry.

Dispersive additives content up to 5% of cement
mass has the greatest effect on the cement slurry
dilatancy.

Microsilica additive greatly reduces dilatancy of ce-
ment slurry due to its particles fineness and its
spherical shape.

In the cement suspensions with active dispersive ad-
ditive (microsilica) due to adsorption of plasticizing
admixture on the cement or microsilica particles, i. e.
its content reduction in the liquid phase, the yield
stress of suspension increases and the cement slurry
dilatancy decreases.

In the cement suspensions with dispersive additive
and plasticizing admixtures surface tension in a
period of time increases and the plasticizing effect
decreases.



Microsilica suspension (replacing 3 %—12 % of ce-
ment mass) with the complexisnelly used with
plasticizing admixture has different effect on the di-
latancy of cement paste: with superplasticizer based
on polycarboxyl polymers increases, with superplas-
ticizer based on naphtalenformaldehyde resin or
plasticizer based on lignosulphonates — reduces.
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