
Proceedings of IMM of NAS of Azerbaijan 207

Geylani M. PANAKHOV, Sayavur I. BAKHTIYAROV,
Eldar M. ABBASOV

ESTIMATION AND REGULATION OF
STRENGTHENING PROPERTIES OF

CROSS-LINKED POLYMERIC COMPOSITIONS

Abstract

In the present paper results of experimental researches of gel structures on
the basis of cross-linking polymer compositions are described. The opportunity of
their regulation tensile strength properties by the dosed out additives of various
chemical compounds, such as bichromates of some metals, by increase of the
content of dry substances in structure of cross-linked structures, decrease of
pH, etc. is shown.

Experimental researches of regularity of formation of geled structures and
influence on gelation time of endurance of system, temperature conditions, su-
perfluous pressure and presence of corrosive environments have been carried
out.

Influence of magnetoactive additives on strengthening properties of composi-
tions and magnetic memory of structures are studied. It is shown, that in time
of a relaxation concerning loading time it is possible to adjust strengthening
characteristics of compositions applied in oil recovery processes.

A number of technological processes of oil and gas recovery, oil gathering, trans-
portation and storing of hydrocarbon productions is accompanied by complications,
that decrease their output capacity and efficiency of functioning of industrial system
on the whole.

In oil and gas recovery practice special technologies based on the use of various
liquid compositions have been worked out to remove arising complications. In par-
ticular, cross-linked polymeric compositions capable to form gel systems that are
used in processes of sequential pumping of hydrocarbon liquids, cleaning of pipeline
system from accumulations as a time packer to provide insulation of annulus space
and elimination of water influx from higher strata and etc. are widely used. One
of principal exponents characterizing such systems is high elasticity and reversible
deformation.

As the results of investigations show [1], these parameters of cross-linked poly-
meric compositions may be regulated by the dosed additives of various chemical
compounds such as bichromates of some metals, by increasing the content of dry
substances in the structure of cross-linked structures, decreasing pH solutions and
etc.

Experimental researches of regularity of gelled structures formation were carried
out. Chrome alum (for example, KCr (SO4)2 12H2O) and lignin sulphonate were
used as initiators of three-dimensional cross-linking of polymer (polyacrylamid) com-
positions.

To observe the rheological behaviour of the system in gel-formation process the
measurements were carried out in rotational viscosimeter “Rheotest-2” with coaxial
cylindrical device. In the process of gel structure formation the dynamic shear stress
was measured at fixed value of shear rate γ̇ = 500c−1.
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Gel-formation appears at sharp increase of system’s viscosity in time stipulated
by formation of three dimensional structure of gel. The results of carried out exper-
iments demonstrating the viscosity change in time are in fig.1.

Fig.1.

The presence of maximum says on break of continuity of gel’s structure in de-
formation process with constant shear rate. The hight of maximum exponentially
decreases due to increase of structurization time. That is typical for thixotropic
structures.

It is necessary to determine minimal shear stress at which internal cylinder of
viscosimeter in the cell filled with undisturbed structure gel begins to rotate. The
researches show that the pressure limite value τmax decreases by increasing the con-
tent of cross-linking (aqueous solution of polyvalency metall). Simultaneously we
observe some increase of initial elasticity module. The presence of indicated regu-
larities by increasing the content of “cross-linking agent” is stipulated by formation
of more solid grid of cross-linkages.

The results of experimental researches also show that deformation characteristics
of samples of viscoelastic compositions depend on the storage duration. By increas-
ing storage time, the magnitude τmax decreases. This leads to decrease of strength
of gel characteristics and may be stipulated by unavoidable leakage of gel syneresis.
Moisture release and appearance of brittleness in the investigated systems indicate
the existence of syneresis in long-term preserved samples.
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By developing and perfecting the compoundings of viscoelastic systems the para-
meters characterizing their structural and rheological properties admit to detect the
influence of compound components on the character of obtained compositions and
to choice of their optimal ratio and also to estimate the possibility to add various
inert fillers.

Magnetoactive fillers are offered to use as additives to viscoelastic compositions.
It was established that inclusion of magnetic powder additives to composite com-
positions allows to regulate rheological properties of viscoelastic media by imposing
magnetic field and therewith to observe qualitatively new characteristics, in par-
ticular, nonlinear viscoelasticity properties. Different visco-elastic liquids without
cross-linking agent and their combinations were studied with their subsequent esti-
mation of their viscoelastic characteristics. Composition of mixtures during the
tests was the following: composition 1: oil with high content of highmolecular
compound of “Kursanghi Oil Field” (90%) + 1%PAA (10%) ; composition 2: oil,
(90%)+2PAA (10%) ; composition 3 oil (80%)+12%PAA (1%) + gamma-iron–oxide
(8%) + PAA (0, 01%) + magnetic treatment of compositions.

The results of researches processed in coordinates
(
1/η2 ∼ τ2

)
are in fig. 2.

Fig.2.

Elasticity module calculation by the Cross method [2] shows that its value attains
for liquid compositions 1,2 and 3, respectively, 1−G = 50 Pa; 2−G = 68 Pa and



210
[G.M.Panakhov, S.I.Bakhtiyarov, E.M.Abbasov]

Proceed.of IMM of NAS of Azerbaijan

for the curve 3−G = 102 Pa. Composition (3) differs by the fact that its structural
properties are defined by imposing magnetic field. This allows to control easily by
structural-mechanical characteristics of these compositions.

Regularity of alternations of characteristics under the action of different factors
such as temperature, pressure, presence of aggressive media and etc. was detected
for cross-linked gel compositions.

The prepared mixture was located into such liquids as gasoline, kerosene, hexane,
toluem and aged during 2 days at temperature T = 292÷ 295 K.

Visual observation of behaviour of experimental samples and strengthent prop-
erties showed that they were not inert with respect to aggressive media. Be-
sides, the carried out investigations showed that at temperature alternations within
263 ÷ 423 K the properties of viscoelastic gel of different composition were not
changed during 2 days.

One of important exploitational qualities of parameters – magnetic “memory”
of the investigated compositions was studied during the tests.

Alternation of ultimate pressure limit of viscoelastic
composition with magnetoactive fillers (concentration of

gamma-iron oxide C = 4%) in time.
Fig.3.

Durability of magnetic “memory” was determined on time variation of pressure
limit value τ0 of composition after removing the influence of constant magnetic
field. The tests were carried out in capillar viscosimeter with tube of diameter
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4 · 10−3 m. The above-mentioned composition of viscoelastic gel was used to carry
out researches and τ0 whose quantity is 81 · 102 Pa was determined. Then the
composition was located between electromagnetic poles, magnetic field of intensity
H = 78.4 · 103 A/m was generated in the course of time t = 6 · 102 sec and then the
quantity τ0 was determined.

It was established that immediately after treatment the initial pressure limit
changed and attained the value τ0 = 148.5 · 102 Pa i.e. twice greater than before
magnetic field treatment.

Determination of time alternation of initial presua limit value τ0 showed that it
alternates after t = 6.48 · 104 sec too, coming back to initial value. The obtained
experimental data are cited in fig. 3 and allow to deduce on possibility of regulation
of quantity of ultimate shear stress in conformity to different exploitation regimes.

The carried out experimental researches showed that the treatment of magne-
toactive tixotropic systems lead to alternation of strengthening properties of com-
positions. By increasing the relaxation time with respect to loading time we can
regulate strenthening characteristics of compositions applied in oil and gas ecovery
processes.

On the other hand, there is the following dependence between shear deformation
γ̇ and multiplicity of tension λ at ordinary shear

λ =
γ̇

2
+

√(
γ̇

2

)2

+ 1,

where λ is multiplicity of tension.
This formula is accepted based on regulations of finite deformations theory. The

quantity λmax expressed by geometric characteristics of pipeline flexure (in rayzers)
is determined by formula:

λmax = 1 +
√

2d.

Fig.4.

The integrity preservation condition of gel system when it passes through pipline
rotation (in rectangular form) (fig.4) looks like that

1 +
√

2d <
γnp

2
+

√(γnp

2

)2

+ 1
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√
2d < γnp − 2 +

√
γnp + 4

τ <
P√
32l

(
γnp − 2 +

√
γnp + 4

)
Experimental dependence of pressure limit τ on the content of magneto-active

fillers (processed in magnetic field) in gel composition on the base of 1% aqueous
solution PAA in cited in fig.5.

Dependence of ultimate pressure
limit on concentration of magnetic filler.

Fig.5.

All samples were prepared on the base of 1% aqueous solution of PAA, the
amount of additionally added reagent – cross linking agent (chromium) and lignin-
sulphonate was accepted equal to 5%.

It should be noted that properties of magnetoactive composition may be regu-
lated by additives of fillers in definite percent ratios.

The results of investigations of rotviscometric characteristics pressure limit and
dynamic viscosity of different gel compositions on the base of polyacrylamid accord-
ing to dencity of system are given in fig 6.
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Dependence of rheological parameters
of gel compositions on the system’s density.

Fig.6.
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