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THE APPLICATION OF CONDENSATE IN THE SYNTHESIS OF NANO-STRUCTURED
POLYMER-BASED COMPOSITES FOR ENHANCED OIL RECOVERY
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Scientific Research Institute «Geotechnological Problems of Oil and Gas and Chemistry»,
Azerbaijan State Oil and Industry University, Baku, Azerbaijan

ABSTRACT

KEYWORDS

The article considers the influence of a number of external and internal factors, mainly temperature
disturbances affecting the change in flow resistance at certain stages of development of oil fields operated for
many years. It was found that with a decrease in temperature, the viscosity of oil increases as a result of the
formation of asphaltene, resin-paraffin compounds. These associations deposit into the pores, causing a decrease
in permeability, a decrease in the inner diameter of the lifting pipes, and an increase in hydraulic resistance.
Although the resin was absorbed by the reagent after the nanostructured coordination polymer technique, an
increase in oil viscosity was observed. To eliminate the problem, part of the waste of the alkaline diesel fraction
included in the composite pumped into the well was replaced by condensate. At the same time, high efficiency

was achieved.
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Introduction

For many years in oil fields exploited at some stages
of development, a number of external and internal factors,
mainly temperature disturbances (temperature drop), have a
very serious impact on the change of filtration resistance. With
the temperature decrease, by the gradual formation of some of
the oil components, especially asphaltene, resin and paraffin
associations, viscosity increases. Due to the precipitation
of some of these associations into the wellbore zone, there
is a decrease in permeability and in the inner diameter of
the tubing, which causes disruption of normal operation of
wells, reduction of production, and significantly increases the
technological, geological and safety risks. Existing methods
and technological processes used to solve the problem
include the injection of fluids of various purposes and
compositions into the wellbore zone. However, in some cases,
when the physical and chemical properties of these fluids
do not match the characteristics of well-formation systems,
the technological operations performed are inefficient. To
prevent this, special regulatory reagents are usually added
to the system. The effectiveness of the process often depends
not only on the physical and chemical properties of these
reagents, but also on their quantity. According to majority
of researchers, the most effective solution to these problems
may be the transition to nanotechnology.

In recent years the technology developed on the basis of
synthesized nanostructured coordination polymers being one
of such technologies leads to the decomposition of asphalt-
resin-paraffin associations in the oil, cleaning of permeability
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zone and tubing from the associations, improvement of
rheological properties of oil and thus, acceleration of oil
flow to the wellbore zone. Numerous laboratory studies
with the participation of these reagents have confirmed
their effectiveness in oil extraction and transportation [1-7].
However, the results of recent unpublished laboratory
studies show that oil samples both from local and foreign
fields do not adequately respond to the effects of reagents,
i.e. the addition of reagents to all tested oils reduces, the
viscosity of the oil and resin in the volume of oil. In these oils,
on the contrary, with the addition of the reagent an increase
in viscosity has been observed, although there is a decrease
in the volume of resin.

Materials and methods

The purpose of the problem is to identify the causes of this
uncertainty and show the ways to eliminate them. It should
be noted that in order to study the effect of the reagent during
the application of this technology, changes in the viscosity
of the oil under study are determined as an express method.

As it is known, paraffin is one of the factors affecting
the viscosity of oils. This factor is more pronounced at low
temperatures. Since we see the cause of the uncertainty
happening in the oil samples in the taken paraffin factor, it
is intended to test the possibility of using condensate as an
additive to the reagent.

Laboratory tests have been carried out on oil samples
taken from several wells operating in the field of
«Absheronneft» OGPS of the Republic of Azerbaijan and
«Analgin» field of the Republic of Tatarstan. The results of
the research showed that when these samples are treated with
a nanostructured coordination polymer-based composite,
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their viscosity increases despite a significant decrease in
the resin. Subsequent researches were continued on an oil
sample taken from well Ne1097 in the Pirallahi field of the
Absheronneft OGPS of the Republic of Azerbaijan. This
well was put into operation on 20.01.2014. The depth of the
well is 810 m, the interval of the filter is 770-807 m, the daily
production is 2.5 t/day oil, 1.1 t/day water. The oil sample
taken from this well was treated with a 1.0% composite
of nanostructured coordination polymer in alkaline diesel
fraction waste (ADFW). Physicochemical characteristics of
the oil sample were determined after the composite effect.
It should be noted that the study was carried out at 50 °C
because the oil sample did not flow through the viscometer
at room temperature.

Density and kinematic viscosity of oil samples was
determined using Anton Paar SVM 1001. Dynamic viscosity
of oil was measured using Anton Paar MCR 302. Mechanical
impurities were determined according to standard ASTM
D473. The resin content was determined according to ASTM
D381 standard. Water content was determined using ASTM
D4006-16E1 standard.

Results and discussion

The change in viscosity and physicochemical
characteristics of the oil sample depending on the volume of
the reagent are given in tables 1 and 2, respectively.

As it can be seen from the tables, the viscosity increases
rapidly (table 1) despite a sharp decrease in the percentage
of resin in the oil sample by 85% (table 2). As it has been
mentioned earlier, the viscosity had to fall sharply as the resin
decreased. But this does not happen. This can be explained
by the fact that the oil associations lead to an increase in the
viscosity of the oil, after the resin is absorbed by the reagent,
the process of associating asphaltene with paraffin takes place
and it does not allow the oil viscosity to decrease (fig. 1).

To prevent this process, it is necessary to add a composite,
which can also be condensate.

Taking this into account, the effect of condensate on
the specified oil sample has also been studied. Thus, the

dynamics of viscosity change has been observed by directly
affecting the new sample taken from that oil with condensate,
and its physical and chemical characteristics have been
determined after the addition of condensate. The dependence
of the dynamics of the change of oil sample viscosity
on the condensate volume and its physical and chemical
characteristics are given in tables 3 and 4, respectively. These
studies have been performed at 50 °C as described above.

As it can be seen from tables 3 and 4, when the oil sample
is exposed only with condensate, its viscosity decreases,
among other parameters, the resin decreases by 6%, and
mechanical impurities increase by 2.6 times (10%). As it can
be seen from table 4 (before addition), this oil has a high-resin
(40%) and paraffin, and as it has been mentioned earlier, the
formation temperature is very low (20-25 °C). In this case, the
resin and paraffin will rapidly precipitate in the permeability
zone, gradually restricting the flow of oil from the formation
to the bottom zone, creating conditions for well irrigation,
and as a result, oil production will fall sharply. According to
the information, such wells are often flushed.

As it can be seen from tables 2 and 4, the coordination
polymer-based composite oil sample developed in ADFW
reduces resin and the free condensate by dissolving the
paraffin causes viscosity decrease. It can be concluded that
the use of equal amounts of ADFW and condensate in the
preparation of the composite to affect the wellbore zone in
order to increase oil production can give the expected result.

Considering this, the oil sample has been treated with a
composite consisting of a mixture of nanostructured polymer:
ADFW: condensate. The results of the study are presented in
table 5.

As it can be seen from the table, the characteristics of the
oil vary significantly depending on the ADFW: condensate
ratio in the composite. Thus, if the specific gravity of the oil
was normally 915 kg/m? at 50 °C, in ADFW: condensate ratio
in the composite - 20:20, 40:40, 40:50 (ml) this figure would be
912, 910, 907 kg/m?, respectively.

The kinematic and dynamic viscosities of oil depending
on these ratios, 17.06 (19.29); 7.3 (8.02); 5.9 (6.5) cSt, rapidly

Tablel Dynamics of change of oil sample viscosity depending on the composite volume
S/IN Volume of the additive, ml Kinematic viscosity, cSt Dynamic viscosity, cP

1 0 14.8 16.26

2 20 24.8 27.25

3 40 284 31.21

4 60 33.7 37.03

5 80 58.7 64.50
Table 2

Physicochemical characteristics of the oil sample after the last addition of the composite (80 ml)

S/N Indicators Before addition After addition

1 Pure oil in the sample, % 87 70

2 | Specific gravity of oil kg/m? (20 °C) 910 910

3 Kinematic viscosity, cSt 14.8 58.7

4 | Dynamic viscosity, cP 16.26 64.50

5 | Mechanical mixtures, % 10.00 25.0

6 | Resin, % 40.0 6.0

7 | Water separated from oil, % 3.0 5.0
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Fig. 1. Scheme of transformation of associations under the influence of the reagent
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fable3 Dynamics of change of oil sample viscosity depending on the condensate volume

S/N Volume of the additive, ml. Kinematic viscosity, cSt Dynamic viscosity, cP
1 0 14.8 16.26
2 20 72 791
3 40 6.3 6.92
4 60 4.6 5.05
5 80 33 3.62

Table 4

Physicochemical characteristics of the oil sample after the last addition of condensate

S/N Indicators Before addition After addition
1 Pure oil in the sample, % 87 72.67
2 | Specific gravity of oil kg/m?, (20 °C) 910 910
3 Kinematic viscosity, cSt 14.8 33
4 Dynamic viscosity, cP 14.49 3.62
5 Mechanical mixtures, % 10.00 26.67
6 | Resin, % 40.0 34.0
7 | Water separated from oil, % 3.0 3.0

decrease, and this is one of the important parameters for
increasing the efficiency of well production. If we look at the
dynamics of the change in the amount of resin in these ratios,
we see that in the first ratio of 20:20, this amount fell from
40% to 23%, and in subsequent ratios to 0%. This indicates
that the resin was completely absorbed by the reagent and
as a result the viscosity of the oil dropped sharply to 5.9 cSt.

Other characteristics of the oil also improved significantly
depending on this ratio, for example, mechanical impurities
decreased from 26.7% to 0.6%, and the amount of water
separated from the oil was 3.6%. The amount of pure oil in
the sample increased from 73.3% to 95.8%.

For clarity, the dynamics of the change of oil viscosity
and resin depending on the ADFW: condensate ratio in the

Table 5
Dynamics of change of oil parameters depending on ADFW: condensate ratio in 1% nanostructured
coordination polymer-based composite (50 °C).
. ADFW: condensate ratio in 1% composite
S/N Indicators
0:0 20:20 40:40 40:50

1 | Specific gravity of oil kg/m?, (20 °C) 915 912 910 907
2 Kinematic viscosity, cSt 23.0 17.06 7.3 5.9
3 Dynamic viscosity, cP 25.13 19.29 8.02 6.5
4 | Mechanical mixtures, % 26.7 13.3 3.33 0.6
5 | Resin, % 40.0 23.0 0 0
6 Water separated from oil, % 0 3.0 3.6 3.6
7 | Pure oil in the sample, % 733 83.7 93.07 95.8
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composite is given below (fig. 2).

As it can be seen from the graph, the increase in viscosity
and the change in resin on the ADFW: condensate in the
composite in equal (20:20; 40:40) and 40:50 ratios are almost
parallel, i.e. the viscosity decreases with the resin reduce.
When using only ADFW in the preparation of the composite,
this process was accompanied by a sharp increase in viscosity,
as it has been noted earlier (table 1).

Conclusion
Thus, researches show that the use of condensate in the
preparation of nanostructured coordination polymer-based
composites injected into the wellbore zone is very important,
for increasing oil production in the extraction of such oils, as
oils treated with this type of composite retain their properties
for a long time.
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Fig. 2. Dynamics of change of oil viscosity and resin
depending on ADFW: condensate ratio in the composite
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HPI/IMeHeHI/Ie KOHJAeHCaTa A5l CMHTe3a HAHOCTPYKTYPUMPOBaHHBIX KOMIIO3MTOB Ha
OCHOB€ ITIOAVIMEPOB AAs51 IIOBbIIEHIS He(l)TeOTAﬂ‘II/I I14aCTOB

B. X. Hypyaraes, ®@. T. Mypsemos, 3. A. Abdyaraeea
«HIMN T'eoTexnoaormaecknx mpodaeM HedpTH, Taza ¥ XUMUN», Asepdaril’KaHCKIII TOCYAapCTBeHHBIN
yHUBepcHUTeT HepTH 1 ITpoMBITLAeHHOCTH, baky, AsepbaiiikaH

Pedepar

B cTraThe paccMOTpeHO BAMSAHUE Psja BHEITHUX VM BHYTpeHHUX (aKTOpOB, B OCHOBHOM TeMIlepaTyp-
HBIX BO3MYIIIEHWI, BAVLIIONINX Ha M3MeHEeHNe CONPOTMBAEHMs TeYeHWMIO Ha OIpeAeAeHHBIX CTaAusax
pas3paboTKu HePTIHBIX MECTOPOXKAEHNI, DKCIIAyaTUPYeMBIX B TedeHNe MHOTUX AeT. YCTaHOBA€HO, UTo C
ITOHIDKEHIeM TeMIIepaTyphl BA3KOCTh HepTH yBeAMIMBaeTCsl B pe3yAbTaTe oOpa3oBaHNs ac(aaibTeHOBLIX,
CMOA0-TIapapMHOBBIX COeAMHEHNMIT. DTV acCOITMAIINI OCa’KAaIOTCs B ITOPEI, BRI3EIBasI CHYDKEHNe ITPOHNITae-
MOCTH, YMeHBITIeHe BHyTPeHHETO AraMeTpa IT0ALeMHEBIX TPYOOITPOBOAOB 11 yBeAUdeHe ITI]paBANIecKOTo
conpormsaenns. HecmoTps Ha To, 9TO cMOJa ITOTA0IIalach peareHTOM I10CAe TIPUMeHEHNs TeXHOAOTUI
Ha OCHOBe HaHOCTPYKTYPUPOBaHHOTO KOOPANHAIIMOHHOTO IMoAUMepa, HabAI04aA0Ch yBeANYeHIIe BA3KOCTI
HepTU. AAs ycTpaHeHus IpobAeMBl JacTh OTXOA0B IIIeA0YHO AM3eAbHON (PpaKIuy, BXOAAIINX B COCTaB
3aKa4MBaeMOTO B CKBa>KIHY KOMITO31Ta, Oblaa 3aMeHeHa KoHgeHcaTtoM. [Ipy 9ToM Ob110 AOCTUTHYTa BBICO-
K11 9PPEeKTUBHOCTD.

Katouegvie caosa: HepTn; BA3KOCTD; TapaduH; cCMOAa; KOHAEHCAT; acCoIfuaT; HaHOCTPYKTYPHBINA pea-
TeHT.

Neftverms amsalinin artirilmasi iiciin kondensatin nano-strukturlu polimer asasli
kompozitlarin sintezinds tatbiqi

LV. X. Nurullayev, F. T. Miirvatov, Z. A. Abdullayeva
«Neftin Qazin Geotexnoloji Problemlari vo Kimya» ETi,
Azarbaycan Dovlat Neft ve Senaye Universiteti, Baki, Azarbaycan

Xiilasa

MBagqalade uzun illar istismar edilon neft yataglarinda islonmenin miisyyen moarhslealorinde siiziilma
miigavimatinin dayismasina bir sira xarici ve daxili amillarin, asasen temperatur rejiminin pozulmasinin
tosirine baxilmisdir. Miiyyen edilmisdir ki, temperaturun asag1 diismesile neftin torkibindaki asfalten,
qatran ve parafin assosiatlarmin amsle galmasi naticesinde ozliiliik artir. Bu assosiatlar masamalaras
¢Okarak kegiriciliyin asag1 diismasine, qaldirict boru xatlerinin daxili diametrinin kigilmasine ve hidravlik
miigavimatin yiiksalmasine saebab olur. Nanoquruluslu koordinasion polimerlar asash texnologiyanin
totbiqinden sonra qatranin reagent terafinden udulmasima baxmayaraq, neftin ozliliiyliniin artmasi
miisahide edilmisdi. Problemi aradan qaldirmaq maqsedile quyudibi sahays vurulacaq kompozitin
torkibina daxil olan golavilagdirilmis dizel fraksiyasi tullantisinin bir hissasi kondensatla avezlonmis ve
yliksak effekt alde olunmusdur.

Acgar sézlar: neft; 6zliiliik; parafin; qatran; kondensat; assosiat; nanoquruluslu reagent.
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