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PA3PABOTKA HOBOM KOMIIO3UIINHU C 3®®EKTUBHBIMHA BUOIIUTHBIMHU
W HE®TEBBITECHAIOIIUMU CBOMCTBAMHU

H3yuena yhhexmusnocms neghmegvimecHaomux u OUOYUOHBIX CEOIICIE PA3PAGOMAH-
HbIX KOMRO3UUUOHHBIX CMecell 6000paAcmeopumozo noaumepa — noauaxpunamuoa (INAA) u ne-
KOmMopwvIX nogepxnocmuo-akmuenvix eeujecme (ILAB). Ha modenvHbix ycmanosxkax, umumupy-
ouwux oopazysl Kepua — Koanekmopa, onpeoenensvt Kodgguuyuenmol uzeneuenusn ne¢pmu (KHH)
HpUMEHUmMEeNbHO K KOHKPEMHOMY HeQMAHOMY MECHOPOHCOCHUIO C YUEmOM XUMUUECKOIl CO6-
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MeCmuMocmu a2eHmoe 6blmecHeHus Hepmu ¢ naacmosvimu Qarudamu. Boisserena anmumuk-
POoOHas IhhexmueHoCcmb CUHRME3UPOBAHHO20 COeOuHenus - 1-Oymoxcu-3- 0KCa3o0nuduHMemoK-
cubyman (Biocide B) ¢ cocmase cmazounozo macna M-8 u mynvcuonnoit komnozuyuu Az-5.
H3zyuenvt cocmasnennvie komnosuyuu: Grotan-OX + Biocide B ¢ coomnowenuu 1:1 u 1:3
(macc) u ux aHmuMuKpooOHvle ceoiicmea é ananouynslx ycaosusax. Haonrooaemcesn nekomopotii
CUHepzu3M Oelicmeus npu 00beOUHEHUU IMUX KOMHOHEHMO8, YMO RPUEOOUM K YyUUIeHUID
ouoyuonvix ceoiicme. Iloxazano, umo nanuuue ¢ komnozuyuu peazenma Grotan-0X 6 unoueu-
0yanbHOoul hopme unu 6 Komounauuu ¢ ouOUUOOM 6 Huzkux Konuyenmpayusax (0,5% macc) 3una-
YumesbHO NoGblULIAEN ee HehmesvlmecHAOw e cnocoonocmu (87%) u oonoepemenno npuoaem
ahhexmuenvie GuouuoHbvIe ceoiicmaea.

KuaioueBble ciioBa: BojopacTBopuMbie monumepsl, [IAB, HedTeBbITeCHSIONNE CBONCTBA, Cynbdat-
BOCCTaHaBIMBAIOIINE OAKTEPUH, OMOLIUTHOCTh
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DEVELOPMENT OF NEW COMPOSITION WITH EFFECTIVE BIOCIDAL
AND OIL-DISPLACING PROPERTIES

The efficiency of oil-displacing and biocidal properties of the developed composite mixes
of water-soluble polymer — polyacrylamide and some surface-active agents was studied. On the
model setups, simulating core - collector samples, the oil extrating coefficients were determined
for a particular oil field taking into account the chemical compatibility of oil-displacing agents
with the horizon fluids. Antimicrobial effectiveness of the synthesized compound - 1-butoxy-3-
oxazolidine methoxybutane in the composition of M-8 lubricating oil and Az-5 emulsion was revealed.
The following developed compositions - Grotan-OX + Biocide B in the ratio of 1:1 and 1:3 (wt.). Their
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antimicrobial properties in the similar conditions were studied. Some synergistic action is ob-
served at combination of these components, which leads to improved biocidal properties. It was
shown that the presence in the composition of Grotan-OX reagent both individually or in combi-
nation with biocide at low concentrations (0.5 wt.%) significantly improves its oil-displasing abili-
ties (87%) and at the same time gives effective biocidal properties.

Key words: water-soluble polymers, surface-active agents (surfactant), oil-displacing properties, sul-

fate-reducing bacteria (SRB), biocides

INTRODUCTION

A characteristic feature of the modern oil
production is increasing the share of hardly extracted
reserves and a considerable amount of residual oil.

At present there are a lot of developed and in-
troduced chemical agents and compositions based on
them for enhanced oil recovery (EOR). Chemical
methods of EOR are used for additional extraction of
oil from heavily drown-out, flooded oil-bearing reser-
voirs with scattered, irregular oil-saturation. Efficien-
cy of extraction of oil from oil bearing formations
depends on many factors, one of which is the viscosi-
ty of the reactant injected into a well. To increase the
viscosity, polymers can be used. For example, poly-
acrylamide (PAA) can significantly increase the vis-
cosity of water even at low concentrations, reduce its
mobility and thus raise coverage of bed by water-
flooding [1]. Polymer solutions having a high viscosi-
ty better displace not only oil, and also associated
formation water from the oil medium.

Another way for EOR is the use of surfactant
species. It’s necessary to develop composition of sur-
factants for the specific characteristics of the reservoir
bed: properties of oil and rock, salinity, temperature,
pressure, permeability and porosity of the collector [2].

It should be noted that the reactants — the
components of the compositions may be incompatible
with other reagents in a single technological process.

In the technologies of EOR and preventing
water flooding of oil-bearing beds there are used the
appropriate reagents, often modified with components
which give them various useful properties, including
antimicrobial properties [2].

Among the microorganisms contained in oil-
field waters, the most corrosion — dangerous ones are
SRB. To extend the service life of the basic solutions
and to decontaminate oil itself, in particular, to fight
SRB there are widely used reagents with biocidal
properties [3].

The research goal is developing PAA and sur-
factants based new effective compositions used in the
oil fields as complex action reagents to displace the
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heavily extracted reserves of oil and providing highly
effective protection of oil-field equipment from bio-
logical corrosion in the oil industry.

DESCRIPTION OF EXPERIMENTAL METHODS

As a research object oil (15 ml) of Balakhani
field of Absheron Peninsula was used.

Antimicrobial properties of the synthesized
additives and studied reagents were investigated in
M-8 oil and Az-5 emulsion composition at a concen-
tration of 0.06-0.5wt.% relative to the major physio-
logical groups of microorganisms (aerobic and anaer-
obic bacteria and fungi), affecting oil. We used the
hole method on the agar medium using suspensions of
different cultures of microorganisms according to
I'OCT 9.052-88 and I'OCT 9.082-77. For the tests
there were used pure cultures which were widely
spread in oil products and non-aggressive destroyers of
the following species of aerobic bacteria and moulds:
bacteria (Mycobacterium lacticolum, Pseudomonas
aeruginosa), fungi (Aspergillus niger, Cladosporium-
resionae, Penicillium chrosegenum, Penicillium cy-
clopium, Torula convolut, Trichoderma viride).

As a culture medium there were used meat-
peptone agar (MPA) for bacteria and wort agar (WA)
for fungi. The antimicrobial effectiveness was evaluated
by diameter of microbial growth inhibition zones
around the wells with and without additive: the more it
is, the more the antimicrobial effectiveness is (Table 1).

Tests for bactericidal activity of the reagents
also were carried out in the laboratory conditions on
cumulative cultures with SRB (Disulfovibrio and De-
sulfotomaculum) in accordance with TOCT 9.085-78.
The culture of bacteria was isolated from produced
water of the well at Balakhani field and grown in
standard Postgate’s medium of the following composi-
tion (g/1): NH,CI - 1.0; K,;HPO, — 0.5, MgSO4-7H,0 —
2.0; Na,SO, — 0.5; CaCl, — 0.1; Calcium lactate — 3.5.
The medium was sterilized for 45 min at a tempera-
ture of 12141 °C, cooled to 35 °C.

The pure culture of SRB was prepared ac-
cording to the known method [4, 5].
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Table 1
Evaluation of bacterial resistance of the reagents in M-8 oil
Tabnuya 1. OneHka 6aKTEepPHOCTOIKOCTH peareHToB B

maciae M-8
M-8 oil
Addi- |Concentration. Zone of inhibition
tives % of microorganisms, sm
Bacteria. MPA Fungi. WA
0.5 13-14 1.0-1.0
0.25 + + + +
| 0.125 + + + +
0.06 + + + +
0.5 1.8-2.0 14-15
I 0.25 15-15 1.0-1.2
0.125 12-1.2 + +
0.06 + + + +
0.5 22-24 1.9-2.0
i 0.25 20-2.0 15-1.6
0.125 16-1.6 + +
0.06 1.0-1.2 + +
0.5 22-23 1.7-1.9
v 0.25 1.8-20 12-14
0.125 + + + +
0.06 + + + +
v 1 1.3 1.4
0.5 09-1.0 08-1.1
Vi - + +
Notes: | — Grotan-OX; Il — Biocide B; III — Grotan-OX/

Biocide B(1:1); IV — Grotan-OX/ Biocide B(1:3); V — 8-
oxyquinoline; VI — M-8 oil without additives

[Mpumeuanne: | — Grotan-OX; Il — Biocide B; III — Grotan-
OX/ Biocide B(1:1); IV — Grotan-OX/ Biocide B(1:3); V — 8-
okcuxunonvH, VI — macio M8 6e3 qodaBok

The nature of the effects of the bactericides
was determined by the presence or absence of black
colonies of SRB [6].

The obtained results showed that Grotan-OX
and (Grotan-OX + Biocide B) reagents in the ratio of
1:3 at concentration of 0.125-0.5% had a bactericidal
effect on bacterial cells. The color of the indicator
agar didn’t change. There was no growth of SRB.

To determine oil-driving ability of the devel-
oped compositions equipment, consisting of the glass
columns with 30 cm diameter and 70 cm long and
simulating reservoir model was used. Glass tubes
were filled with the appropriate deposit sand. The
model was impregnated with formation water and the
excess water was collected and measured in a measur-
ing beaker (Vg4). Then the saturation of the model with
oil was realized. A certain amount of the crude oil
was passed through the reservoir model (the system
worked under the vacuum). Oil partially displaced
water from the pores, then the pore part was filled
with oil. As a result, the reservoir model had a certain
oil and water saturation. The volume of oil displaced

in the beaker was measured and the oil recovery coef-
ficient (ORC) was determined by the ratio of dis-
placed oil to initial oil.

When developing the compositions for effi-
cient recovery of residual oils studies were focused on
the use of not expensive reagents, for example, large-
tonnage industrial waste. In particular, there were
tested kerosene-alkali waste (KAW) obtained in pro-
cessing kerosene for neutralizing oil acids contained
in the composition of kerosene with an aqueous alka-
line solution. KAW contained 1.0-2.5% of NaOH.

To carry out the experimental work KAW
based alkaline composition of additives conventional-
ly called Az-5 was prepared. It was alkaline composi-
tion of additives based on the waste of oil-producing
(KAW) and fat-producing (Soapstock) industries. Its
working fluid was 2-5% aqueous solution with sur-
face-active properties and protective effect on hydro-
gen sulfide and bacterial corrosion. Grotan-OX (Ger-
many) reagent was also tested as an effective preserv-
ative for technical products.

As a water-soluble polymer PAA was used.

{CHQ—H‘C}n
(‘::o
NH,

RESULTS AND DISCUSSIONS

Microbiological tests showed high antimicrobial
activity of the test reagents microflora against hitting oil
(aerobic and anaerobic bacteria and fungi), and SRB.

The results showed that the well-known and
widely used preservative for technical products Gro-
tan-OX in the composition obtained from local oil
products of Az-5 emulsion had effective bactericidal
properties against aerobic and anaerobic bacteria, in-
cluding SRB. Biocide B synthesized by us on bacteri-
cidal properties in Az-5 emulsion composition was
slightly worse than Grotan-OX. However, the com-
pound was better than it, particularly on fungicidal
properties in composition with M-8 oil. Further the
following compositions -Grotan-OX + Biocide B in
the ratio 1:1 and 1:3 (wt.) were studied. The combina-
tion of these substances led to improved biocidal
properties, which allowed the use of smaller quanti-
ties of materials to achieve effective biocidal proper-
ties, thereby reducing the material consumption.

It’s known that for EOR there are used meth-
ods of maintaining reservoir pressure and it’s possible
by injecting water or gas. In this situation there is cre-
ated artificial hard water-pressure or gas-pressure
mode, water is often injected into the reservoir
through specific injection wells (water flooding reser-
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voir). However, in these processes in the reservoir
there is a large amount of oil — capillary-retained,
streamline. For efficient extraction of oil various rea-
gents that improve oil washing properties or increase
its viscosity, are added to the injection water.

Table 2
Evaluation of bacterial resistance of the reagents in Az-5
emulsion
Taonuya 2. OueHka 0aKTepUOCTOHKOCTH PeareHTOB B
amyabcun Az-5

Components of compositions were studied as
oil-driving agent, individually or in the form of com-
positions with different ratio of components. The
compositions are shown below (Table 3).

Oil-driving properties of the investigated rea-
gents and compositions were measured on the estab-
lished in vitro reservoir model.

Table 3
The developed oil-displacing compositions
Tabnuya 3. CocTaBbl pa3padoTaHHBIX KOMIO3HIUT

Notes: + - abundant microorganisms growth around the hole,
0 - the color of the indicator agar doesn’t change, indicating
the absence of growth of SRB. Full bacterial resistance, | -
single black colonies are appeared with agar indicator. Satis-
factory bacterial resistance, 1l — on the entire thickness of the
agar indicator the numerous black colonies are formed. No
bacterial resistance, VII - composition Az-5

IMpumeuanue: + - OOMIBHBII POCT MHKPOOPTaHU3MOB BOKPYT
.]'lyHKPI, 0 — LOBET MHAUKATOPHOIO arapa HE MCHIACTCA, YTO
CBHUJIETETBCTBYET 00 OTCYTCTBHH POCTa CYJIb(haTperynupyro-
mux 6akrepuil. [lonHas GaxTeprocToiikocTs komno3uuuy; I —
NOABJIAIOTCA CAMHUYHBIC YCPHBIC KOJOHHWHU C MHAMKATOPHBIM
arapom. YIIOBHGTBOPI/ITCIII)HaSI 6aKTepHOCTOﬁKOCTL KOMIIO3H-
tmy; || — o Beeit TonmMHe MHINKATOPHOTO arapa o0pasyroT-
Cs1 MHOTI'OYHCJICHHBIE Y€PHBIC KOJIOHHWH. OTcyTCTBI/Ie OakTe-
puoctoiikoctu kommozunuy; VIl - Az-5

In accordance with the research goal new oil-
driving compositions based on aqueous solutions of
various surfactants (KAW, Az-5, sulfanol, Grotan-OX)
and a water-soluble polymer PAA were developed.
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Az-5 emulsion N Compositions, (ml) ORC, %
Addi- | Concen- Zo_ne of inhi_bition Point ! Water (100) 32
tives |tration 06 |_Of microorganisms, sm I KAW (100) 12
Bacteria. i Anaer 1l Az-5 (5% aqueous solution) — (100) 15
mpa | Funel WA | gpp IV 2,58 APP + water (100) 35
0.5 3.2-3.2 1.0-1.2 0 V | 1.2g APP + 0.5g sulfanol + water (98.3) 38.7
| 0.25 3.0-3.0 + + 0 VI | Az-5(5) + 0.5g sulfanol + water (94.5) 52
0.125 28-28 + + 0 VI 1.2g APP + 0.5g sulfanol + KAW (48.3) + 68
0.06 20-2.2 + + 0 + water (50)
0.5 25-25 20-20 0 VI 1.2g APP + 0.5g sulfanol + Az-5 (48.3) + 78
| 0.25 22-23 16-18 0 + water (50)
0125 | 16-1.6 1.0-1.0 0 5 | 128 APP + Grotan (0.5) + KAW (48.3) + | -
0.06 1.0-1.0 + + I + water (50)
05 32-32 22-22 0 . . .
0.25 28-30 1.8-20 0 As it follows from the analysis of the experi-
W 0105 | 24-26 10-12 0 mental data recovery coefficient of crude oil from
0.06 0.8-0.9 + o+ | Balakhani field produced at water displacing oil in
0.5 2.7-29 24-27 0 conditions of the model plant isn’t high (32%). When
v 0.25 23-26 20-22 0 using individual reagents (KAW and Az-5 emulsion
0125 | 18-22 15-15 0 liquid), ORC is characterized by almost same low
006 | 10-12 * ot | values (12-15%). Low oil-driving properties of these
\Y; 1 solutions are probably explained by chemical incom-
Vi 0;5 patit_)ility of oil driving agents with bed quuids_. When
Vi F— — passing KAW through the sand saturated with for-

mation water there is formed precipitate complicating
its water loss.

The main factor, complicating oil production
by water flooding in many fields, is the high salinity
of formation water. Therefore, one of the main tasks
in determining the most effective driving agent is
studying its compatibility with the formation water.
Qualitative analysis of the formation water samples
indicates that it contains calcium, magnesium, sodi-
um, potassium cations and hydrogen carbonates, sul-
phate, carboxylate, chloride anions (Table 4).

When studying KAW solutions compatibility
with the formation water it has been established that
viscosity of naphthenic acids sodium salts increases
when mixing with the formation water. Interaction of
KAW aqueous solutions with calcium and magnesi-
um cations, as well as carboxylate anions contained in
the formation water, leads to the complication of oil
displacement process. Schematically, the chemism of
this process can be shown by the following equations:
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1. Dissociation of naphthenic acids:
CnH2,.1COONa 2 C,H,,COO + nNa*
2. Interaction of carboxylate anions with calcium
cations, contained in the formation water in quantitites:
2(CoH2,1COO) + 2nCa®* 2 (CH,,,CO0),Ca

Table 4
The chemical composition of water samples from Bala-
khani field
Tabnuya 4. Xumudeckuii coctaB 00pa3unoB Boabl bana-
XaHCKOI'0 MECTOPOKIACHUS

lons in the mix mg/l
1 Ca** 201
2 Mg** 146
3 Na" + K* 2878
4 HCOs 119
5 HSO, traces
6 RCOO 135
7 CI 5670

Reducing the filtration characteristics of sam-
ples of core — collector occurs as a result of partial
adsorption and mechanical trapping the polymer with
porous medium.

The processes of driving non-polar liquids
from porous systems are based on the viscous proper-
ties of relatively concentrated solutions of polymers.

With increasing concentration of PAA solu-
tions there is observed a decrease of oil-driving speed.
The high viscosity allows to implement a piston dis-
placement mechanism for increasing ORC. During
the filtration through model core samples of polyam-
ide solutions it can be seen that a part of the sample
pores undergoes to blocking with polymer particles.
This is caused by the adsorption of the polymer on the
surface of the porous medium, which reduces the size
and change the shape of the filtration channels.

The main reason for the formation of corrosive
environment and accumulation of iron sulfide in the oil
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reservoir is the vital activity of SRB, entering into the
reservoir with water at a perimeter flooding. The par-
ticipation of microorganisms in the corrosion process is
limited with the direct effects of their metabolic prod-
ucts (carbon dioxide, hydrogen sulfide, ammonia, or-
ganic and inorganic acids) on metallic structure, and
also with the intensification of the electrochemical re-
actions on the surface of the corrodible object.

Except bio corrosion, the microorganisms
cause clogging of the oil reservoir with microbial bi-
omass accumulation and metabolic products of bacte-
ria that leads to significant reduction of oil recovery
and decrease in ORC. Vital functions of the bacterial
microflora is responsible for biodegradation of chem-
ical oil-driving agents, as well as changes in the quali-
ty and composition of the oil.

There are various classes of compounds that
inhibit the growth of SRB. However, the most effective
means of protection from SRB are multifunctional ac-
tion reagents, having both properties of bactericides
and corrosion inhibitors, increasing the oil recovery
and having a number of other important properties.

CONCLUSION

Addition of 0.5 g of surfactant (sulfanol) to
compounds (I1) and (IV) promotes raising recovery ratio
values from 12 and 15% to 38 and 52% respectively.

Oil-driving compositions (VIII and IX) are
characterized by high values of ORC (78 and 87%)
respectively, that is probably connected with decreas-
ing concentration of alkaline component (KAW).

By generalization of the experimental data we
can conclude that in conditions of microbiological con-
tamination of oilfield systems the developed new mul-
tifunctional compositions (VIII-1X) having efficient
oil-driving properties at the same time can significantly
reduce the corrosion activity of oilfield waters.
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