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Chuprova K., AGGRESSIVENESS OF OIL-CONTAINING
Overchenko T. WATER

O6’ckmom docnidicenns € exonoziuno besneuni cucmemu 8 HagmosudoOyenil ma napmonepepoouii npPomuc-
nogocmi. Bei cmadii nagpmoxopucmysanis — 6udobysanis-nepepooKa-euKoOpUCmanis — Cynpogooicyomvcs
sabpyonenmam dosxiiis. Cymmesi 3a6pyonenns unuxaomo npu 6udodyeamnii, Mpancnopmyeaii ma posiusi
nagmu, ckudi cmiunux 600, cnamosanni ma sbepizanni nagmosux 6ioxodie. Yepes nas6micmv azpecusHUX CKia-
006UX Y CKAAOT HADMOBMICHUX MiHePANi308anUXx 600 3POCMAE WEUOKICMb KOPO3ii MEMANesux KOHCMPYKUil, U0
npuseodumv 00 weuoxozo pyinyeanns obiadnanis ma mpyoonpoeodie. Tomy 00HUM 3 NEPULOUEPZOBUX 3A60AID
€ 3aXUCM MEMALeBUX KOHCMPYKUIL 610 KOpo3ii y nagpmi ma 6000HADMOBUX eMYIbCIAX.

B po6omi nposederno ouinky azpecusnocmi 600HUX POSUUNIE PI3H020 HAPMO-MIHePALLIO020 CKAAOY NPU memne-
pamypi 80 °C. Ilokasano, wo minepanizosani 600Hi po3uunl € OiLlbU KOPOIIUHO AZPeCUSHUMU, AHINC IX KOMNO3UYTT
3 nagmoio. Po3pobieino komno3uuii 0 3nudces Kopositinoi azpecuenocmi HapmosMicCHUX 600 Ma GUSHAUEHO ix
epexmusiicmy. Pesyivmamu dociioncens 6Ka3yiomy, wio inz2ibimop na 0cHosi arkiiimioasoniny 3abesneuye 6UCoKy
epexmusnicmv 3axucmy cmani 6id koposii npu memnepamypax 6io 30 °C do 80 °C. Cmyninw 3axucmy npu 003ax
10-50 mz/0M csazae 82—86 % . Komnosuuii na ocrosi arkinimioasoniny eexmueni y 6001H0-0p2aniunux eMypvCisx
Ha 0CHOGI MINEPALI306aH0L 600U Ma NeMPOLelH020 eipy Juwe 3a nesucokux memnepamyp. Hpu nidsuwernux
memnepamypax, 3a paxymox 6uUcoKoi 1emiouocmi nempoietinozo epipy, Gopmysanis 3axucnoi adcopouiinoi
NIBKU HA NOGEPXHI CMai He 6100Y6aemubCsl.

B pasi sacmocysanns inzibimopis xkoposii cmani na 0cHo6i aiKiIMIOA30iHI8 MONICIUBO OOCAZMU BUCOKOL eqheK-
MUBHOCI 3AXUCTNY 610 PYLHYEaANHs K HAPMONPosodis, de, Kpim Hapmu, 3a6xcou npucymui OMIUKU Minepa-
Ji308a10i 600U, max i 6000npPo600is, 0e Yy GUCOKOMINEPANI306aHUX 600ax npucymii domiwku napmu. Iepesazoio
AIKINMIOA30T1HI8 € me, WO 3a PAXYHOK 2i0podinvioi ma 2idpoobnoi ckaadosux ixmuix Moaexys eonu doope
POSUUHAIOMBCS AK Y HADMONPOOYKMAX, Max i y 600HOMY cepedosuui.

Kmouosi cnosa: rapmosmicii 600u, Koposis memany, inzibimop xKoposii, WeuoKicmv Koposii, aikiAimMioasonii.

1. Introduction The corrosive aggressiveness of the water-oil emulsion
varies depending on the composition of the aqueous phase,

The aggressive impact of corrosive environments leads its ratio to the hydrocarbon phase, the composition and

to increased corrosion of equipment, tanks, pipes and pipe amount of gaseous substances. In the development of oil
fittings [1]. fields from the well to the surface enters the oil-gas-water
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mixture, which consists of oil, petroleum gas and produced
water. Qil and oil gas are subject to further purification
(removal of mechanical impurities, salts, hydrogen sulfide,
carbon dioxide, etc.), and separated formation water is
utilized for various needs of the field.

The corrosive aggressiveness of the components released
during the processing of oil depends on their chemical
composition and other factors.

Hydrocarbon gas, separated from oil, consists of a mix-
ture of saturated hydrocarbons, which are not dangerous
in terms of corrosion. These gases contain impurities of
hydrogen sulfide and carbon dioxide, and during the ex-
traction and processing of oil, oxygen is also added to
their composition. Therefore, in this case, the corrosion
processes are particularly intense.

By its dielectric properties, gas condensate is close
to oil, but in the presence of hydrogen sulfide, carbon
dioxide, oxygen and water, it becomes corrosive.

The sulfur content in most oils does not exceed 0.5 %.
In petroleum, sulfur can be in the free state in the form
of hydrogen sulfide and sulfur organic compounds.

Produced waters contain a large amount of impurities
(chlorides, sulphates, carbonates of alkali and alkaline-
earth metals) and are complex multicomponent systems.
Accordingly, they have a high electrical conductivity, which
contributes to the intensive flow of electrochemical cor-
rosion. The corrosive effect of water on construction ma-
terials depends on the overall mineralization of water [2].
In hard water, the formation of a protective lime film is
more likely [3] than in soft water, so hard waters are
less aggressive than soft waters in relation to steel. In
addition, the formed corrosion products in the form of
precipitates of sulfides and iron oxides have high abrasive
properties and enhance corrosion in the water flow.

Oil products, which are used in various industries, also
have high corrosive aggressiveness. For example, nefras —
oil solvents, which are characterized by:

— ability to remove organic pollution from the surface

of metals;

— dissolve quickly;

— to form a minimum amount of deposits and due

to the presence of sulfur compounds in solvents, they

have a high corrosive aggressiveness.

As can be seen from the above, through a wide qualitative
and quantitative spectrum of the composition of solutions,
the problem of combating steel corrosion in a water-oil
medium is quite complex and relevant. Therefore, stu-
dies on the search for effective compositions to reduce
the corrosivity of oil-contained water, depending on their
oil and mineral composition and determine the optimal
parameters, are relevant.

2. The ohject of research
and its technological audit

The object of research is environmentally friendly sys-
tems in the oil and petrochemical industry.

All stages of the oil use — mining, processing, use — are
accompanied by environmental pollution [4, 5]. Significant
pollution occurs during the extraction, transportation and
spill of oil, wastewater discharge, burning and storage of
oil waste. Most of the known methods of disposal of oil
waste are focused on the use of powerful expensive equip-
ment. Accordingly, the development of new technologies

for the neutralization and reduction of the hazard class
of oil-containing emulsions is an important scientific and
practical task.

On the other hand, due to the presence of aggres-
sive components in the composition of oil saline water
(hydrogen sulfide, carbon dioxide, etc.), the corrosion rate
of metal structures increases, which leads to the rapid
destruction of equipment and pipelines. And as a result,
the risk of an unexpected release of oil and oil products
into the environment significantly increases. In addition,
increased corrosion aggressiveness of mineralized media
leads to significant material and energy costs.

Therefore, one of the priorities is protection of metal
structures from corrosion in oil and oil-water emulsions.

One of the ways to solve this problem is the selection
and application of metal corrosion inhibitors at all stages of
the oil use. The main requirements for promising inhibitors
are their high efficacy, non-toxicity and low cost [1, 2].

3. The aim and ohjectives of research

The aim of research is development of compositions to
reduce the corrosivity of oil-containing water and determine
their effectiveness. To achieve this aim it is necessary to
perform the following objectives:

1. To determine the corrosion rate of steel 20, depen-
ding on the chemical composition of aqueous solutions at
a temperature of 80 °C.

2. To assess the effectiveness of alkyl imidazolines in
order to reduce the corrosion rate of metal for environ-
ments of different water-oil composition.

3. To establish the influence of the chemical composi-
tion of the initial water-organic solutions and the proposed
compositions to reduce the corrosion rate of the metal.

4. Research of existing solutions
of the prohlem

The danger of corrosion processes accompanies practi-
cally all industries, in particular, circulating cooling systems
of enterprises [1, 2]. Through a special organo-mineral
composition of media, the corrosion of equipment used
in the extraction of oil and natural gas is characterized
by certain differences [4, 5].

The main effective way to combat corrosion is the
use of metal corrosion inhibitors [6, 7].

One of the reasons that exist when developing oil
fields from a well is the vertical position of the pipes in
the oil fields. Even with the use of new reagents, the
effect of inhibition may be insignificant. This is due to
the complication of the spread of corrosion inhibitors
and precipitation stabilizers along the entire length of the
pipe [8]. To improve the depth of the inhibitor, capsules
are developed from calcium alginate gel, which, in addi-
tion to the inhibitor, contain heavy addition of BaSOj.

In addition, the process of inhibition of pipes in oil
production is complicated by high depth temperatures
(>150 °C) and pressures (>1020.6895 atm.), high content
of dissolved substances. With the development of offshore
oil and gas production in ultra-deep water, more and more
wells are exposed to extremely high temperature and pres-
sure under anodic conditions. To prevent the pipes from
corroding and scaling, namely siderite (FeCQOs3) and iron
oxide (FeyO3), the use of sulfonated polycarboxylic acid,
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polyvinyl sulfonate, carboxymethyl inulin and sodium ci-
trate in such harsh conditions [9].

Inhibitors of oil fields have been used for decades to
combat carbonate and sulphate scale, as well as pipe cor-
rosion [10]. However, only a few of them demonstrate
good biodegradation, which makes them environmentally
acceptable in areas with harsh requirements. It is proposed
to use a new class of polycarbonate polymers with carboxy-
late and phosphonate groups as potential inhibitors of oil
fields [11]. These compositions provide for the inhibition
of scale in the form of calcite and barite in both new
and scale-coated tubes at 130 °C.

Reducing the corrosivity of water containing petro-
leum products is also associated with certain difficulties,
the main of which is the diversity of the chemical (frac-
tional) composition. For example, petroleum ether cannot
be assigned a reagent qualification, since it does not have
a main component for rationing.

Based on the analysis of literature data, it can be
concluded that the protection of wells against corrosion
and scale during oil production is a really complex and
multifaceted process.

New compositions in oil production and refining should
be complex, that is, at the same time reduce the corrosivity
of the environment and reduce sedimentation, be able to
work at high temperatures and be environmentally friendly.

5. Methods of research

It is known [10] that aromatic nitrogen-containing
compounds have inhibiting properties on metal corrosion in
corrosive environments. Although alkyl imidazolines, when
exposed to atmospheric moisture at elevated temperatures,
may slowly hydrolyze to amido-amines, a change in the
chemical composition of the inhibitor does not affect its
effectiveness under conditions of carbon dioxide and hyd-
rogen sulfide corrosion. Therefore, compositions based on
alkyl imidazolines are developed and their effectiveness
in protecting steel 20 from corrosion by the massometric
method is determined.

Massometric determination of the corrosion rate was
carried out in stationary media according to the differ-
ence in mass of the sample, corroded, in grams, before
and after corrosion. The duration of the experiments was
9 hours at 30 °C and 5 hours at 80 °C.

Massometric indicator of corrosion, g/(m?h):

(rm —m,)

K =
m ST )

(1

where my — the initial mass of the sample, g; my — the mass
of the sample after the test, g; S — the sample area, m?
Tt — the test duration, h.

On the basis of the calculated values of massometric
indicators of corrosion, the drag coefficient and the degree
of protection against corrosion are determined.

Drag coefficient (DC):

Kp= (2)

where W? —massometric indicator of corrosion without the
use of an inhibitor, g/(m?h); W; — massometric indicator
of corrosion on the use of the inhibitor, g/(m*h).

The degree of protection against corrosion, %:

1
z=(1—KJ.100. (3)

D

Model solutions based on distilled or tap water with
the addition of NaCl (30 g/dm? or 100 g/dm?), CH3COOH
(g/dm?) and oil or petroleum ether are used as the medium.

6. Research resulis

At the first stage of research, the influence of the chemi-
cal composition of aqueous solutions on the corrosion rate
of steel 20 (Table 1) is determined.

Tahle 1

The dependence of the corrosion rate of steel 20 on the chemical
composition of agueous solutions at a temperature of 80 °C

Corrosion rate, W,

Model solution o/(m?h)

Type of solution

77 cm® of mineralized water:
— distilled water;

— 30 g/dm?® of NaCl;

— 3 g/dm® of CH;CO0H

77 cm® of mineralized water:
— distilled water;

— 30 g/dm® of NaCl; P-2
— 3 g/dm® of CH;COOH;
— 500 g/dm® of Nay503

77 cm® of mineralized water:
— distilled water;

— 30 g/dm® of NaCl; P-3
— 3 g/dm® of CH5COOH;
— 23 cm® of oil

P-1 4.0352505

2.643785

2.820036

77 cm® of mineralized water:
— distilled water;

— 30 g/dm® of NaCl;

— 3 g/dm® of CH3COOH;

— 23 cm?® of oil (30 °C)

p-3* 0.320234

77 cm® of mineralized water:
— tap water;

— 30 g/dm® of NaCl; P-4
— 3 g/dm® of CH;COOH;
— 23 cm® of oil

4.71243

77 cm® of mineralized water:
— tap water;

— 100 g/dm? of NaCl, P-5
— 3 g/dm® of CH;COOH;
— 2% cm® of oil

5.510204

Note: * — solution temperature — 30 °C

As can be seen from the above results (Table 1), saline
solutions (distilled water, 30 g/dm? of NaCl, 3 g/dm? of
CH3COOH) are characterized by high corrosivity. The
corrosion rate of such a solution is 4.0352505 g/(m?h).
The presence of sodium sulfite reduces the aggressiveness
of water by 1.5 times (W=2.6443785 g/(m?-h)) due to the
binding of sodium sulfite dissolved in water by oxygen.

Oil itself has an inhibitory effect. So, when oil is added
to a saline solution (solution:oil — 3.35:1), the corrosion
rate of steel at a temperature of 80 °C is observed to
decrease by almost 2 times. This indicator decreases to
2 g/(m%h). And at a temperature of 30 °C, the corrosion
rate is only 0.320234 g/(m?h).

Water salinity significantly affects its corrosivity. As
can be seen from the Table 1, with an increase in water
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salinity (replacing distilled water with tap water with all
other equal salt concentrations), the corrosion rate of the
metal increases to 4.71243 g/(m%h). This is 1.67 times
more than in the case of using a solution prepared in
distilled water. And with an increase in the salt compo-
nent of the solution (100 g/dm? of NaCl), the corrosion
rate of steel increases to 5.510204 g/(m?>h).

At the second stage of work, the effect of alkyl imida-
zolines on the corrosivity of oil aqueous solutions (P-1,
P-2, P-3, P-3*% P-4, P-5) is determined (Fig. 1). The range
of working concentrations is (0-50 mg/dm?).

6 W, g/(m>h)

5

4

3

2

| \

0
0 10 25 C, mg/dm* 50
——P-1 P-2 P-3 —e—P-3% —o—P-4 —e—P-5

Fig. 1. Reducing the corrosion rate of steel 20, depending on the
composition of the initial solution P-1-P-5 (Table 1) and the concentration
of alkyl imidazolines at a temperature of 80 °C

The intensity of the decrease in the metal corrosion
rate, as can be seen from Fig. 1 substantially depends
on the aggressiveness of the output medium. The more
aggressive the environment, the greater the manifestation
of the effectiveness of alkyl imidazolines. For the most
aggressive solution (P-5), the corrosion rate decreases
from 5.510204 g/(m*h) at a concentration of 0 mg/dm?
to 0.68323 g/(m>h) at a concentration of 25 mg/dm?3.
The presence of oil in the solution naturally reduces the
output aggressiveness of the water. The output corrosion
rate of oil-containing solution is 2.820036 g/(m%h). The
use of alkyl imidazolines at a concentration of 10 mg/dm?
for such a solution leads to a decrease in the corrosion rate
to 0.51948 g/(m?>h). And this is observed at a temperature
of 80 °C. For 30 °C, firstly, the initial corrosion rate is
insignificant (0.320234 g/(m?%h)), secondly, when using
alkyl imidazolines, it practically does not change and is
0.196878 g/(m>h) with a dose of inhibitor of 25 mg/dm?.

To improve the effectiveness of alkyl imidazolines com-
positions based on them are developed. The efficacy of
alkyl imidazolines+benzotriazole compositions in various
ratios of components is determined. The results on the
determination of the drag coefficient (DC) and the degree
of protection against corrosion (Z) are presented in Table 2.

Results in Table 2 show that saline solutions containing
sodium chloride are very aggressive in metal corrosion. The
use of alkyl imidazolines as inhibitors of steel corrosion
leads to metal protection. The maximum protective effect is
observed at an inhibitor concentration of 10 mg/dm?®. The
degree of corrosion protection is 86.67 %. A further increase
in the concentration of alkyl imidazolines slightly reduces
the positive effect and at a concentration of 50 mg/dm?
the degree of protection against corrosion decreases to
82.52 %. Benzotriazole is a less effective inhibitor than
alkyl imidazolines. Thus, at a concentration of 25 mg/dm3,
the degree of corrosion protection is only 40.41 %. Com-

positions based on alkyl imidazolines and benzotriazole do
not lead to an increase in the degree of protection against
corrosion, but are approximately the average value of this
indicator, as is shown for individual components.

Table 2

Dependencies of drag coefficient (OC) and degree of protection against
corrosion (Z) of steel 20 on the chemical composition of agueous solutions
and compositions at a temperature of 80 °C

Type Cn.r- Drag Prl.:tec-
of so- Reagent rosion .C[?Ef_ tion
lution rate, W, | ficient, | degree,
g/(m*h) | B, Z %
- 4.035251 - -
10 mg/dm? of alkyl imidazolines |0.538033| 7.50 | 86.67
25 mg/dm® of alkyl imidazolines |0.547310| 7.37 | 86.43
50 mg/dm® of alkyl imidazolines |0.705009| 5.72 | 82.52
- 25 mg/dm® of benzotriazale 2.404614| 1.68 | 40.41
3 - -
10 a3} | gz 215 | s
3 - -
3 s -
50 myjan? of bonsrasle - |1512089] 265 | 232
- 2.643785| - -
10 mg/dm? of alkyl imidazolines |1.493506| 1.77 |43.519
Fe 25 mg/dm® of alkyl imidazolines |1.354360| 1.95 | 48.77
50 mg/dm® of alkyl imidazolines |1.066790| 2.48 | 59.65
- 2.820036| - -
10 mg/dm® of alkyl imidazolines | 0.51948 | 5.43 | 87.58
25 mg/dm® of alkyl imidazolines | 0.71429 | 3.85 | 74.67
P-3 |50 mg/dm? of alkyl imidazolines | 0.45455 | 6.20 | 83.88
25 mg/dm® of alkyl pyridines 2.814410| 1.01 | 0.218
3 . -
gg HT;/E;“S u?faliﬁyéy;ﬁiizsnl‘nes 0.825190| 3.42 | 70.74
- 0.320234| - -
10 mg/dm® of alkyl imidazolines |0.253128| 1.27 | 20.96
poge 25 mg/dm® of alkyl imidazolines |0.196878| 1.63 | 38.52
50 mg/dm® of alkyl imidazalines |0.183555| 1.75 | 42.68
25 mg/dm® of benzotriazale 0.234089| 1.37 | 26.90
50 mg/dm® of benzatriazole 0.215692| 1.49 | 32.65
- 471243 - -
10 mg/dm® of alkyl imidazolines |1.159555| 4.06 | 75.39
+25 mg/dm? of alkyl imidazolines |0.695733| B.77 | 85.24
B4 +50 mg/dm® of alkyl imidazolines |0.602968| 7.82 | 87.21
+25 mg/dm?® of benzotriazole 2.502218| 1.88 | 46.90
+50 mg/dm? of benzotriazole 1.748004| 2.70 | 62.91
- 5510204 - -
25 mg/dm® of alkyl imidazolines |0.683230| 8.07 | 87.60
25 mg/dm® of benzotriazale 1.889973| 2.92 | B65.70
3 - -
2% myjin® of bonsorascle | |175139| 958 | 8958
3 - -
50 mylim’ of bonsorssle | |2575139] 958 | 8956

Note: * — solution temperature — 30 °C
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Mineralized water, in which sodium sulfite (P-2) is
present, is less aggressive compared to solution P-1.
However, the effect of the use of alkyl imidazolines in
this case is much less. At inhibitor concentrations of
10-50 mg/dm3, the degree of corrosion protection is in
the range of 43-60 %.

Oil-containing mineralized solutions (P-3) are less ag-
gressive in comparison with solutions without oil (P-1), but
the corrosion rate in such solutions is still high (Table 1).
Alkyl imidazolines in oil-containing solutions cause metal
to be protected from corrosion. The optimal dose of the
inhibitor is 10 mg/dm3 (Z =81.58 %). A further increase
in concentration does not contribute to the growth of
the degree of protection against corrosion of steel 20.

The use of alkyl pyridine as a steel corrosion inhibitor
in oil-contained water has zero effect. The drag coefficient
is 1.01. The presence of alkyl pyridine in the composi-
tion with alkyl imidazolines (25 mg/dm? and 25 mg/dm?,
respectively) does not improve the protective effect. The
degree of protection against corrosion is practically the
same as when using pure alkyl imidazolines (25 mg/dm?)
and is 70.74 %.

Alkyl imidazolines and benzotriazole in the oil-con-
taining solution demonstrate no significant protective
effect. Thus, the inhibition rate for these inhibitors in
concentrations of 10-50 mg/dm? is in
the range of 1.27-1.75. Large values
of this indicator are characteristic of
alkyl imidazolines. This corresponds to

tions. The results to determine the effectiveness of the
proposed inhibitors are given in Table 3.

As can be seen from the Table 3, with an increase in
temperature from 30 °C to 80 °C, the corrosion rate in the
mineralized solution with ether increases 10 times — from
0.311353 g/(m>h) to 3.089054 g/(m>h). The presence of
sulfites in the solution also causes additional aggressiveness.
At a temperature of 30°C and a concentration of sodium
sulfite of 5 g/dm?, the corrosion rate is 0.4204 g/(m?h).
This is due to the fact that petroleum ether is a volatile
substance with a low evaporation temperature.

When used as an inhibitor of corrosion of steel alkyl
imidazolines at a concentration of 50 g/dm?®, the degree of
protection against corrosion is negligible and amounts to
31.379 % for a temperature of 30 °C. And at 80 °C, the
protective effect disappears (W=4.369202 g/(m?h)). This
is explained by the fact that when the temperature rises,
the hydrophobic protective film on the metal surface is
easily destroyed. This mixture of hydrocarbons is easily
removed from the surface of the steel when heated using
an inhibitor. The inhibitor itself can’t create a protec-
tive film. In the presence of sodium sulfite in solution at
a temperature of 30 °C, the inhibitory effect will appear
slightly more due to the binding of oxygen by sulfite anions.
The degree of corrosion protection is 45.305 %.

Table 3

Dependence of the degree of corrosion protection of steel 20 on the guantitative and gualitative
composition of the initial solution and inhibitor, temperature (=30 °C (94 hours), t=80 °C (5 hours))

the degree of protection against cor- Tem- | Corrosion Drug | Protection
rosion at the level of 20.96—-42.68 %. Model solution Reagent perature rate, W, coefficient, | degree,
With an increase in water sali- t°C g/(m’h) A Z %
nity (P-4, P-5), the corrosion rate of |77 cm® of mineralized water: - 30 0.311353 - -
the metal increases (Table 1). In such |- gigtill/edd ‘é"ﬂtfg;ﬁ] o _ 80 2.089054 _ _
. . . — 30 g/dm?® of NaCl;
harsh conditions, alkyl imidazolines 175’ fars ofoy oy, [ moas o1 0 | 0213ese | 1457 | 31379
and benzotriazole provide a high de- |_ 3 2t mg/c \
23 cm” of petroleumn ether dazol
gree of corrosion protection for steel. imicazotnes 80 4.369202 <1 -
Alkyl imidazolines in concentrations 50 mg/dm® of alkyl| 30 0.383393 <1 -
of 10, 25, 50 mg/dm? provide a drag pyridines 80 7.1872223 <1 -
c.oefflc1en.t of 4.06, 6.77, 7.81, respec- 77 cm® of mineralized water: - 0.4204 - -
tively, which corresponds to the degree  |_ ;. .
distilled water; 50 ma/dm® of alkvl
of protection of 75.39, 85.24, 87.21 %. |- 30 g/dm® of NaCl; o dr;fuu;zs ol alky - 0229937 | 1.828 | 45.305
Benzotriazole as an inhibitor is |-3 g/dm: of CH3COOH;
less effective. The maximum effect :gzg{:i’_lg u?f g:fiﬁ_j other 50 _g,‘g/dmz of alkyl 0328129 | 1.281 21.948
(Z=62.91%) corresponds to a dose P pyridines

of benzotriazole 50 mg/dm?.

With an increase in the concentration of salts in the
solution, the protective effect slightly increases, and at
a dose of 25 mg/dm?, the degree of protection for alkyl
imidazolines increases to 87.60 %, and for benzotriazole
to 65.70 %.

The combined use of alkyl imidazolines and benzotriazole
for hard mineralized oil-containing water at a tempera-
ture of 80 °C provides effective protection of the metal
from corrosion. In compositions with a ratio of reagents
(10+10) mg/dm?, (25+25) mg/dm3, (50+50) mg/dm3, drug
coefficient is 8.74-9.58, which corresponds to the degree
of corrosion protection 88.55-89.56 %.

The work also conducted studies to determine the ef-
fectiveness of the compositions to reduce the corrosivity of
water when petroleum ether (petroleum ether, Sherwood
oil) is used as a petroleum product. It is a mixture of
light aliphatic hydrocarbons (pentane and hexane), ob-
tained from associated petroleum gas and light oil frac-

The use of alkyl pyridines (mg/dm?) as steel corrosion
inhibitors does not lead to a positive effect (Table 1).
On the contrary, this reagent causes an increase in metal
corrosion. Only in the presence of sodium sulfite at 30 °C
there is a slight result. The degree of protection in this
case is 21.948 %.

7. SWOT analysis of research results

Strengths. Inhibitors based on alkyl imidazolines are
promising not only in oil refining, but also in protecting
pipelines and equipment from corrosion in an aquatic envi-
ronment with a high level of mineralization. In the presence
of oil and oil products in significant concentrations due
to the adsorption of the imidazolined nitrogen-containing
rings on the metal, its surface is hydrophobized by the
hydrocarbon radicals of imidazolines. This leads to the
formation of a durable hydrocarbon film on the metal,
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which reliably protects it from corrosion. The advantage
of alkyl imidazolines is that due to the hydrophilic and
hydrophobic components of their molecules, they dissolve
well in both petroleum products and in the aquatic envi-
ronment. It provides their high efficiency both in water
in the presence of oil products, and in oil, in the pre-
sence of water.

Weaknesses. The main disadvantage of alkyl imidazolines
based inhibitors is their relatively high cost, since one of
the main components of their synthesis is polyethylene
polyamine, which is currently not produced in Ukraine.
Therefore, their price in the market is quite high.

Opportunities. In the case of the use of corrosion in-
hibitors of steel on the basis of alkyl imidazolines, it is
possible to achieve high effectiveness of protection against
destruction of oil pipelines, where, in addition to oil, there
are always impurities of saline water, and water pipelines,
where oil contains in highly mineralized waters. In ad-
dition, when using production wastes — tall oil acids, or
when using vegetable oils instead of synthetic carboxylic
acids in alkyl imidazoline production, their cost can be
significantly reduced.

Threats. Considering that pipelines through which oil
or mineralized water is transported are also used in the
winter period, there is a risk of freezing, crystallization or
considerable thickening of imidazolines during storage in
unheated warehouses. To prevent this, they must be used
in the form of 40-50% solutions in kerosene.

1. The corrosivity of compositions of different water-
oil-mineral composition was determined. It is shown that
mineralized aqueous solutions are more corrosively ag-
gressive than their composition with oil. The corrosion
rate of saline water, depending on the concentration of
salts, varies between 4.035251-5.510204 g/(my-h). For oil-
containing emulsions, this indicator is 2.820036 g/(my-h).
To a certain extent, the corrosivity of mineralized aque-
ous solutions decreases in the presence of sodium sulfite
(W=2.6443785 g/(myh)).

2. Tt is shown that the alkyl imidazoline-based inhibitor
provides high efficiency of protecting steel against cor-
rosion in mineralized water-oil emulsion at temperatures
from 30 °C to 80 °C. The degree of protection at doses of
10-50 mg/dm? reaches 82-86 %. The use of benzotriazole
is less effective.

3. It is established that inhibitors based on alkyl imi-
dazoline in aqueous-organic emulsions based on saline water
and petroleum ether are effective only at low temperatures.
At a temperature of 30 °C, the degree of corrosion protec-
tion is 31.379-45.305 %. At elevated temperatures, due
to the high volatility of petroleum ether, the formation
of a protective adsorption film on the surface of the steel
does not occur. Accordingly, there is no protective effect.
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