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Abstract. Attempt of interpretation of high-viscous block, which is formed into the
pipelines when surrounding temperature lowered, by the main equations of statistic theory of
colloid-chemical balance.
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Introduction. While transportation of the highly paraffinic crude oil through
the pipeline especially in winter due to low temperature of environment a side
problem connected with formation of so called «paraffin plug» occurs and the
pipeline rate of flow sharply reduces. At present this problem is mainly resolved by
the way of construction of facilities heating the oil in certain intervals what is
connected with additional costs. From the other side there are some cases when the
temperature of highly paraffinic oil solidification can be considerably reduced by
the way of implementation of surfactants of various concentrations depending on the
type of oil and surfactants. Based on this we can assume that molecules of such kind
of substances are adsorbed on the surface of colloid particles of oil and increase their
aggregative stability and as a result prevent the formation of «paraffin plugy.

Background. Course for successful resolution of this problem from the
theoretical point of view first of all the problem of interpretation of viscosity nature
u should be solved which is included into the equation of Hagen-Poiseuille,
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Q= (1)
which in due time had been created on the basis of experimental data analysis. Here
Q is fluidity, aP — differential pressure, R and Zare the radius and length of the pipe.
It is known that first attempt to interpret the nature of p for colloid-disperse system
had been made by Einstein [1]. He developed the formula for the case when the
suspension consists of solids which in suspension state are viscous fluid:

H= o (1+2.5¢) (2)

where L is viscosity of the solution, L is the viscosity of pure solvent, ¢ = 7” where

N is the quantity of the particles in total volume, v- volume of one particle, V — total
volume of the solution. But it is easy to notice that Einstein’s formula includes N
parameter which is somehow connected with the value of particles concentration,
but there are no parameters with the help of which it would be possible to define the

311


https://doi.org/10.51488/1680-080X/2020.4-46

QazBSOA Xaoapmbichl. MHKeHePJIK Kyiieaep sKoHe IKO0JI0rusl 4 (78) 2020

value of temperature and nature of colloid particles. It comes out that on the basis of
this proportion it is impossible to understand why heating of oil, i.e. increase of its
temperature, results in decrease of the viscosity of the oil and therefore increase of
its fluidity. It is also impossible to understand why the concentration and nature of
surfactants which should be used depend on the concentration and nature of the oil
itself. Please note, that these drawbacks also could not be eliminated by the authors
of works [2-4] in which the following equations had been developed as the
generalization of the equation (2):

u= po (1+2.5¢ + b ¢?) 3)
1.15
1= po (1+¢ nmz;) (4)
2
u= o (1+2.50 + 22 ¢) (5)

The equation #3 had been developed in order to take into account the role of
high concentration, as for the equation #4, it takes into account the role of ellipsoidal
shape of the particles, where f is the ratio of ellipsoid axes and derivation of the
formula #5 shows the role of Brownian movement of the particles.

Of course, such position of the question results in the problem of interpretation
of the nature of viscosity u in such a way that it can make it possible to disclose the
nature of its temperature dependence and also the reason of why there is a necessity
to use the so called notion of structural viscosity in highly-concentrated solutions.
In order to solve this problem let’s assume that the higher solution viscosity u the
higher the concentration of the colloid particles C, There is a ground to believe that
solution viscosity can be strongly affected by the nature of colloid particles also, for
example, the character of their collision. In cases when collision character of colloid
particles is not elastic one, in order to make up the equations of colloid-chemical
balance we can use the method of calculation which is mentioned earlier in the work
[5]. According to main idea of this method by taking for basis the following
symbolical equations:

o B B ©)
Cu+ Cum <Cuvvm .
Cu+ Cuvm < Cuvmm @)
s Gy ©)
Cum+ Cannnr.. < Cumiving.. v (10)

We have the possibility to develop the following balance equation:

Kam = cmCm (11)
c
K mvm = Cs;n; (12)
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cmmmm
K = 13
MMMM cmCmmm ( )
cmmmm
K = 14
MMMM cmmcCmm ( )

cmmmm..m

(15)

K v = cmCmmmm...
here, Cum, Cvvm ;, Cvm mms,-.. Cuvv mv...m Mean the concentration of bimicellar,
trimicellar, quatromicellar and polymicellar complex and Kwm, Kuvmv, Kvvnvm,
..Kwnans. v are the constants of the balance of the correlation which can result in
formation of such complexes. In order to use these equations of balance while
solving of particular problems first of all the nature of these constants of balance
should be defined. For solving this part of problem we take for basis the equations
of type (11)-(15) and the equation of Langmuir adsorption isotherm as per the
conclusions of the work [6]

0 _C°cA
A7 1+bca

(16)

And we can see a complete analogy. From the other side it is widely known the
fact that within the limits of capabilities of molecular-kinetic theory the nature of
adsorption coefficient b is interpreted [7] as the figure proportional to the adsorption
heat,

b=exp ;—T (17)

here A is the adsorption heat. As a result similarly we have the possibility to interpret
the nature of the equations (11)-(15) and whereas we have:

/IMM
Cum=exp RT CuCwy (18)
ﬁ“MMM
Cumm =exp RT  CuCwum (19)
Arnarana.
Cumvm=exp RT  CuCumm (20)
A
Cvvmm = exp RT CvmCum (21)
Cumvr.vu=exp RT CmCrmmnant... (22)

Where Aum. Amvmv, Avos . A Mean the energy of intermicellar
interaction for various types of complexes.
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There is a ground to assume that in such systems the higher viscosity of the
solution u the higher the concentration of such complexes. Therefore we possess the
possibility to interpret the nature of viscosity « on the base of the following equation:

A
Mvm = EXP RT CwmCwm (23)
Anian
Mnvmm = EXP RT CvCmm (24)
A
MMmmm = EXP RT CvCmmm (25)
uvmvm =exp - RT CuChrnmr.. (26)
Aivm . m
Mymmm...m = EXP RT CMCMMMM ...... (27)

As we can see according to the equation (23) the viscosity of highly diluted
solution depends on concentration of colloid particles Cy, on energy of interaction
of two colliding colloid particles Amm (figure 1) and also it depends on the
temperature T. Due to the reason that in this case the quantity of such bimicellar
complexes will not be so much it can be assumed that the solution as a whole will
stay low-viscous and the formation of these complexes as a whole does not affect
their changes. But the situation sharply changes in that case when it concerns the
highly-concentrated solution described in equation (27). In this case due to the affect
of the energy of interaction of polymicellar complex uammms.. 1 there is a possibility
of formation of three-dimensional structure formation similar to two-dimensional
model which is seen in the figure 2. In case of high temperature due to chaotic
movement of colloid particles such system can still stay enough fluid but in case of
fall of temperature due to occurrence of the moment when the influence of Ay, m
can be more considerable than the influence of RT it can result in hardening of the
system as a whole.

As it was already mentioned when adding some types of surfactants the
structural viscosity even of the highly paraffinic oil will reduce to such extent that
the oil could stay fluid even if the surrounding temperature is quite low. That is why
it is required to generalize the equation (27) exactly for this case. By generalization
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of equation (27) assuming that the molecules of surfactants on the surface of colloid
particles form monomolecular layer the following equation comes out:

ﬁ’MMMM...M

p=exp  RT  CuCiman. €Xp s .. exp s Cs CaC...C° (28)

where C, and C° mean the concentration of the surfactants molecules and active
centers on the surface unit and i, means the adsorption energy of surfactants
molecules. Please note that analysis of this equation provides us the possibility to
realize that as a result of introduction of surfactants into the system the structural
viscosity of the solution reduces in that case if the energy of Avw..m reduce as a
result of adsorption of molecules of surfactants on the surface of the colloid particles
of oil. In case if as a result of adsorption of surfactants molecules Ay . v, the energy
of intermicellar connection is increasing then it can lead to the increase the strength
of plug, i.e. increase of structural viscosity.

Conclusion

Therefore on the basis of the equations (23)-(27) it is better to describe the
experimental data than on the basis of equations (2)-(5), because the derivation of
these equations besides the concentration of colloid particles of oil and surfactants
take into account the energy of intermicellar interactions and the adsorption energy
of molecules of surfactants to the surface of colloid particles. More or less correctly
it is possible to take into account the roles of nature of colloid particles themselves
and surfactants and also the role of temperature. Of course while description of
experimental data these equations should be more specific, and in order to make it
possible it is required to take into consideration the natures of colloid particles and
used in this case additives.
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oukrwdE

Maxkanaoa mymgwipavlebl dcoapbl MYHAUObIY AKKbIUWMbIZLL JICAUIbL ecenmeyiep Keami-
Dincen.
Tyitin co30ep: mynati, mymgblpaviK, AKKbIUMBIK, KYObIpaap.

B cmamve paccmampueaiomest pacuemuvie OaHHble RO MEKyYeCmu blCOKOBSI3KOU Hedmiu.
Knioueswie cnosa: negpms, 613xocmob, mexyiecms, mpyoonposoow.
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