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ON THE ANALYSIS OF EFFECTIVE VISCOSITY FOR THE 

NANOSUSPENSION INTO A ROTARY VISCOMETER 
 

The analysis of flow parameter data (effective viscosity) for nanosuspensions of barium titanate at different concentrations 
and shear rates is an important part of the study of dynamical destruction of particles’ aggregates. The condition for the 
destruction of the aggregates is proposed and it compliance with experimental data is discussed. It is consider on the basis of 
estimation of the interaction’s forces  and the dynamic influences into rotary viscometer. 
Keywords: nanosuspension, interaction’s forces, energy, barium titanate, effective viscosity,  structure, dynamical destruction, 
concentrations. 

  

1. The data for low concentration suspensions 
(c=1-10%) were obtained on the rotary viscometer 
(rotational viscometer) of the Ivan Frantsevich 
Institute for Problems of Materials Science of 
NAS of Ukraine (IPMS NASU). They all were 
registered for a complex dissipative medium – for 
the barium titanate nanosuspension. Experimental 
equipment and conditions were described in [1, 2]. 
The additional results were obtained for middle 
concentration suspensions (c=10-20%) and for 
effective viscosity they are shown for the 
extended range of concentrations in figure 1.  

Some theoretical discussion will be based on 
methods from [3-5], where the problem of 
oscillations of the small spherical bubbles, rigid 
particles or bubble swarm in a cylindrical vessel at 
vertical vibrations will be considered. The 
potential of velocity of the incompressible [3] or 
compressible [4, 5] non-viscous liquid in case of 
axes symmetry are build.   
Controlled self-organization of nanoparticles can 
lead to new materials and bottom up approaches 

are very promising and important strategy in 
materials synthesis . In some particle suspensions 
subjected to an electric or magnetic field [1], 
acoustic waves [6] the particles form fibrillary 

structures, which may considerably change the 
rheological properties of suspensions. In [2] was 
accented in aspect of such suspension as first step 
for the preparing process for corresponding thin 
films and was discussed for aggregates with nano  
inclusions of barium titanat the dynamical failure 
criterion. It can be obtained by comparing the 
interaction forces and  generalizing dynamical 
(rotation, vibration) forces, that can be obtained by 
the Lagrange equations of motion similar to Ref. 
[3-5].  In this report we made a next attempt to 
analyze the characteristics of the current suspension 
of barium titanate particles, especially the effective 
viscosity, and considered changes during dynamic 
effect when the aggregates are destroyed. As there 
is no exact model for suspensions we propose a 
rheological approach the dynamics of disperse 
systems using the model P.A. Rebinder, N.B. Uriev 
[7]. The flow carves were building for Krieger-
Dougherty and generalized Casson models, new 
data were included and intervals of corresponding 
were considered.  

2. Experimental data were obtained at the IPMS 
NASU for PVB-ethanol suspensions of BaTiO3 
nanoparticles and presented in [1, 2] . An average 
particle size for suspensions in alcoholic solutions 
was determined by laser optics, averaged value is 
130 nm (Fig. 2, a, b). In this article in addition to the 
analysis of addition data was attempted to define the 
conditions for the destruction of aggregates  (Fig. 
2, b) due such dynamic effects, as centrifugal forces, 
in approach similar published one for oscillations or 
wives in fluid with particles in    [3 - 6]. 

Scheme (Fig. 2, c)   of directions of the forces 
for neighbor particles may be useful to illustrate 
dynamic destruction of the aggregates into rotary 
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viscometer. Interaction force  , 

generalizing dynamical (centrifugal, vibration) 

forces -   and dissipation ones - , indexes 

1-4 correspond to particles with have such number 
at the scheme (Fig. 2, c). The largest force is 

caused by rotational motion  of the suspension 
and   depends on the distance to the axis of 

rotation. It is centrifugal force,  (Fig. 2, c). For 

the particles 1 and 2 difference from forces are  

 
Fig. 2. Scale factor (a), aggregates (b) and sheme (c). 

 

 
where Ꞷ is speed of rotation; mass of  the 
displaced fluid volume of liquid phase (ethanol)  
and mass of each (equal) barium titanate particle, 
corresponding densities: 

 
 Additionally to forces (1) caused by the 

rotation of the volume of suspension, on each  

inclusion would act interaction   and dissipative 

resistance  forces. For the Newtonian 

character of the flow   Stokes’ forces 

which depend on the velocity and the effective 

viscosity  . But in fact they must depend also on 

movement and concentration of particles, their 
interaction and hydrodynamic effects of flow, 
etc.   Such complex problem can be solve only after 
divided on simple tasks. 

  The effective viscosity was measured for 
suspensions using a rotational viscometer 
Rheotest RN4.1 (German) at shear rates D= 50-
1000 s-1 (Fig. 1 and 3). The powder is showed 
good agreement with the tetragonal structure one 
with the P4mm space groupe. An single particle 
had form near to spherical and average size 
d=2а=130 nm.   Next  parameter for data was 
concentration c (%), which was expanded for c=1-

20 % (Fig. 1). By analysis relations between  

and D or concentration c  were plotted carves for 

Krieger-Dougherty, generalized Casson model, 
other formulas from  [7-11] and obtained intervals 
of corresponding, were shown critical D and c, for 
which flow becomes non-Newtonian, etc. 

In fig. 1  curves 1, 2, 3, correspond to the 
experimental data with shear rates  D = 50, 100, 
1000 s-1. It shows that in the range c=10-15%,  
changes in the nature of currents, especially at 
small D, become visible (curve 1 is 
significant jogged, 2 – lower, and 3 – smoother of 
all ). This is due to increased interaction between 
particles with concentration close to the maximum 
values (spherical particles have contacts  even at 
52.36% vol.). 

To assess the scope of theoretical relations 
for term effects in experimental viscosity data appl
ied formula Krieger-Dougherty [8] 

 
Carve 4 on Fig. 1 was built on the formula (3) 

and correspondence with carve 3 for concentration 
less 5% and D=1000 s-1  is well, and influence of 
interaction of particle is small, range of 
aggregation is too small.   

Nano particles have less interaction than micro 
particles [9] for that  

 

 
where  , c. Curves 6 and 7 on Fig. 1 

build for the formulas (4) and (5) respectively.   It 
should be noted that from empirical values micro 
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suspension,  k = 4-5,  proposed 

in [10] were selected k = 5, 2. It is interested 

that sizes of particles were in it near 20-30 . 

That corresponding between carve 1    (D=50 s-1 ) 
and carve 6 took place could propose that sizes 

aggregates are nearly 20-30  too, because 

hydrodynamic forces of objects with similar 
dimension can have similar influence on 
parameter of flow. 

Criterion of dynamic destruction can be 
obtained by comparing the formulas (1), (2) with 

interaction force , equals derivation of 

molecular and electrostatic potential energy from 
Ref. [1, 7] for a pair of spherical particles with 
radius a on the contact distance h=2a.  

                                      

                                       
 At a distance h = 260 nm   took place the 

potential energy intermolecular attraction  U₁  

from (8) and force will has order of 

magnitude . Energy of 

electrostatic repulsion is 

 

 
where N-electrolyte concentration, T-

temperature in energy units (J, eV), – 
electrostatic potential on the surface of nano 
particle, q – electrostatic charge of ion electrolyte, 
ε – dielectric constant ( 1400 ±  250). 

For energetic potential u=  

formula (10) is simplify [7]: 

 
 The equations of motion Lagrange second 

kind [3-5] for spherical particles in fluid under 
vibration, taking generalized forces as derivation 
of energies.  

The first attractive term  in (7) is greater 

the next, , on more then 8 orders for such 

specified distances and sizes.  

coincidences of charge repulsion force between 
two particle and evident only in electric 
(magnetic) fields [1, 6, 7].  Therefore, we will  
neglect it during estimation of condition of the 
destruction aggregates in rotary viscometer. The 

forces of dissipation, ,  also will do not count, 

because they would not affect in process chain of 
inclusions orientation. Analysis of carves in Fig. 3 

is showed,  that  begin active 

aggregate destruction, that corresponding with 
modeling Rebinder, Ur’ev [7], proposes 
dynamical destroy of suspension structure under 
strong rotation, vibration or gravitation, etc. For 

   the order 

of forces (for index 1) are  , 

, where  – 

distance from rotation axe, 
 

Also difference centrifugal forses for 

neighboring inclusions is smaller, than   but 

it will have an order, which will already exceed 
the forces of attraction. It will lead to the 
destruction of aggregates into suspension.  
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3. Conclusion. Among the considered noted 
that during rotation greatest influence begins to 
show centrifugal force (acceleration near walls of 
volume exceeding 100 g).  

It should be noted that not only  destruction 
aggrigates, but also an increasing interaction with 
the wall are took place (analog with [3, 4]).  

We may concluded that even a preliminary 
analysis of experimental data can indicate that the 
interaction of inclusions is one of the prominent 
factors that must be taken into account, for example, 
when creating regular structures in the thin films. 

Analysis of adequacy experimental data to 
rheological model of  Dougherty-Krieger formula 
or a generalized model of Casson shown that flow 

has non-Newtonian character for  or 

The rheological model, which 

better takes into account the presence of 
aggregates of particles (structured of suspensions) 
is a generalized model of Casson [11] (Fig.3). 

Finally, the further research of a specific 
interaction forces, effective flow parameters for 
suspensions, selection of appropriate modeling of 
flow curves are important tasks in the study such 
processes, as  the self-organization of the 
ferroelectric particles at different formations or 
they dynamical destruction etc. 
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Кузьма О. В. 
ПРО АНАЛІЗ ЕФЕКТИВНОЇ В’ЯЗКОСТІ ДЛЯ НАНО СУСПЕНЗІЇ У РОТАЦІЙНОМУ ВИСКОЗИМЕТРІ 
Аналіз даних для параметрів потоку (ефективна в'язкість) для наносуспензій титанату барію при різних 
концентраціях та швидкостях зсуву є важливим у вивченні динамічного руйнування агрегатів частинок. 
Запропоновано умову знищення агрегатів та обговорюється її відповідність даним. Це розглядається на основі 
оцінки сил взаємодії та динамічного впливу у ротаційному вискозиметрі. 
Ключові слова: наносуспензія, сили взаємодії, енергія, титанат барію, ефективна в'язкість, структура, динамічне 
руйнування, концентрація.  
 

Кузьма А. В. 
ОБ АНАЛИЗЕ ЭФФЕКТИВНОЙ ВЯЗКОСТИ ДЛЯ НАНО СУСПЕНСИИ В РОТАЦИОННОМ 
ВИСКОЗИМЕТРЕ 
Анализ параметров потока (эффективная вязкость) для нано суспензий титаната бария при различных 
концентрациях и скоростях сдвига является важным при изучении динамического разрушения агрегатов частиц. 
Предложено условие уничтожения  агрегатов и обсуждается его соответствие данным. Это рассматривается 
на основе оценки сил взаимодействия и динамического воздействия в ротационном вискозиметре. 
Ключевые слова: наносуспензия, силы взаимодействия, энергия, титанат бария, эффективная вязкость, 
структура, динамическое разрушение, концентрация. 
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