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Abgract. It is proposed to use plant and anima raw
materials to produce corrosion inhibitors of ail refining
equipment. The corraosion inhibitors based on vegetable oil
and animal fat with di- and triethanolamine have been
synthesized, nitrogen-containing corrosion inhibitors have
been obtained, their physical and chemical parameters have
been determined. By using the gravimetric method the
protective effect of the received inhibitors was determined
on S20 ded in a two-phase corrosive environment
simulating the preliminary preparation conditions of oil at
eectro-sdting and dehydration plants. It was shown that
inhibitors on the bass of plant and animal raw meaterials,
obtained under certain synthesis conditions, are able to
protect the metal surface of il refining equipment.

Keywords: corrosion, ail refining equipment, corrosion
inhibitors, protective effect.

1. Introduction

In most cases, water is a constant component that
comes along with oil from the well. Stratal water of ail
wells, which is one of the main aggressive environments,
promotes the development of intensive eectrochemical
corrosion of eqguipment. The presence of chlorides in
water isamajor factor causing equipment corrosion. Salts
which are dissolved in the stratal water behave differently.
Sodium and potassum chlorides practically do not
hydrolyze, so they cause only electrochemical corrosion
of the eguipment. Magnesium chloride is the most
dangerous because it hydrolyzes by 90% even at low
temperatures. At oil heating to 393K and higher
temperatures in the presence of even traces of water there
is an intense hydrolysis with the formation of chloride
acid, which causes chemical corrosion of the equipment.
On the other hand, during distillation of oil with sulfur
compounds a hydrogen sulfide is formed, which
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(especially in combination with chloride acid) causes the
strongest corrasion. In the presence of water or at elevated
temperatures hydrogen sulfide reacts with metal apparatus
and forms iron sulfide. Protective film with FeS coversthe
metal surface, partialy protecting it from corrosion, but in
the presence of chloric acid, the protective film is
destroyed due to the reaction of sulfide with acid. The
resulting iron chloride passes into an aqueous solution,
and released hydrogen sulfide reacts again withiron [1-4].

Thus, the pretreatment of oil must necessarily
include processes of dehydration and desalination.

A quditative way of destroying water-oil
emulsions is a method based on electric field action [2]. It
is carried out in electrodehydrators. Under the action of an
aternating voltage, the movement of charged droplets of
water occurs, which leads to their collision, agglomeration
and deposition. Water accumulates in the lower part of the
electrodehydrator and then moves to a specia tank. Since
the separated water contains a lot of salts and some
hydrocarbon phase, this leads to an intense corrosion of
the drainage pipelines and the water tanks.

It iswell known that the most simple and relatively
inexpensive method of protecting equipment is the use of
inhibitors. A corrosion inhibitor, introduced into an
aggressive environment, inhibits the corrosive destruction
of metals. There are number of requirements for
inhibitors: to provide a certain maximum protective action
at low concentration; be technological (do not derange the
normal technological mode of the plants, do not impair the
quality of products and the catalysts action); be
economical; be resistant to redox processes; be non-toxic
and environmentally friendly.

At present, alarge number of corrosion inhibitors are
known for the metals protection. Most of them are organic
compounds of various classes that contain heteroatoms:
nitrogen, sulfur, oxygen, phosphorus, silicon [5-7]. The use
of natural materids as aternative corrosion inhibitors, plant
raw materias in particular, is a promising direction in this
area. The advantages of these materials. they are non-toxic,
biodegradable, renewable, rdatively cheap, easly available
and environmentally friendly. These natural materials contain
phytochemicals (tannins, alkaloids, amino acids, flavonoids,
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sgponin phenadls, etc.) and functional groups such as —-NH,,
—NR;, —SR and —COOH, which provide adsorption of these
substances on the metal surface.

A number of researches have been carried out
regarding the use of natura products as corrosion
inhibitors. Chigirinets et al. [8] proposed to use rape-cake
extract, macerating in the 2-propanol acohol. Alarmal
Mangai et al. [9] showed the corrasion inhibition effect of
dkaloid extract part of the plant Trichodesma indicum
(Linn) R. Br. of Boraginaceae family. Extracts of Funtumia
elagica, Piper guineense, Telfairia occidentalis,
Azadirachta indica, Hibiscus sabdariffa, Ocimum
gratissimum, Chamaemelum mixtum, Nigella sativa,
Wkightia tinctoria, |pomoea triloba, Lupinousalbus, Tridax
procumbens and Chromolaena odorata [10-20] have been
investigated for their inhibition effects on various metals.
Animal fats can aso be used as corrosioninhibitors[21].

The purpose of this work is to aobtain nitrogen-
containing substances from plant and animal raw
materials and to investigate their inhibition effects in
highly corrosive media.

2. Experimental

According to literature data [6], the corrosion
inhibitors based on unsaturated acids exhibit a greater
protective effect compared with those on saturated acids.
Therefore, we used vegetable oils with the highest content of
unsaturated acids: corn, soyaand sunflower cils (Table 1). In
soya il the total content of unsaturated acidsis 77.0 %, in
sunflower — 91.5 %, in corn — 80.5 %. For comparison we
used coconut oil, in which the content of unsaturated acids
is quite small (8 %), but there is a sufficient content of
saturated lauric acid (48 %). All these products are the
mixtures of glycerol and the corresponding acids. To
extend the range of raw materials and to compare the
protective properties we also studied beef fat, because it
contains 51.0 % of unsaturated acids.
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To obtain inhibitors, thefat or oil was loaded into a
three-necked flask and di- or triethanolamine was added.
The amount of di- or triethanolamine was calculated
based on the ratio of components in the reaction and their
molecular weight. The flask was heated to 393, 403, 413
or 423 K and stirred for 3-5 h.

Amines of fatty acids are formed due to the
reaction of beef fatty acids with diethanolamine. During
reaction of vegetable oils with diethanolamine we
received amines of fatty acidsand glycerin, which isa part
of the corrosion inhibitor. When the acids interact with
triethanolamine, esters are formed. The density, refractive
index and protective corrosion effect were determined in
the resulting products.

Investigation of inhibition effect was carried out by
a gravimetric method, developed by Gagek et al. [5].
Quantitative evaluation of the inhibitor effect (at a certain
concentration) on the corrosion rate is characterized by a
protective effect Z:
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where V, — corrosion rate of a metal in a corrosve
medium, g/(m*h); V — corrosion rate of a metal after
introducing the inhibitor, g/(n?h).
Corrosion rateV is calculated according to Eq. (2):
Dm
)

v St
where Am — reduction of the metal plate weight due to
corrosion, g; t - the experiment time, h; S— surface area of
the test plate, nv.

A jet fuel-water system with aratio of 1.2 (v/iv) was
used as a smulated corrosive medium. The water phase
with density of 1.12 g/em® contains magnesium chloride,
calciumand sodium [5]. This system simulates stratal water
of ail producing enterprises or corrosive medium formed in
water tanks after electrodehydrators. The temperature under
which the corrosion was determined in all caseswas 333K,
the experiment time 2 h, the inhibitors consumption 0.6 ml
per 300 ml of corrosive medium.

Table 1
Composition of cilsand beef fat [22]
. Molecular Mélting Coconut Corn Soya Sunflower Beef
Acids Formula | =\ eight point, K ol.% | oil.% | ail ol % | fat, %

Lauric C1oHp0, 200 319.6 48 - - - -
Myristic C14H20, 228 331.0 17 — — — —
Palmitic C16H3,0, 256 335.9 9 9-19 — — 325
Stearic Ci1gH360, 284 342.9 2 1-3 35 36 14.5
Oldc C1gH3,0, 282 286.2 7 2640 | 22-31 14-35 483
Erucic CooHp05 333 306.5 — — — — —
Linoleic C1gH3,0, 280 — 1 40-55 | 4358 59-75 2.7
Linolenic CygH3002 278 - - 1 6-11 - -
Average amount of
unsaturated acids - - - 8.0 80.5 77.0 915 51.0
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Table 2
Composition of the metal (wt %) used for investigations
C Mn S Cr Ni Cu P S As Al
0.17-0.24 0.35-0.65 0.17-0.37 £025 | £03 | £03 £ 0.035 £0.04 £0.08 —

The study of the inhibition effect by the
gravimetric method was carried out using a metal plate
made of steel St20. The compoasition of the metal is given
inTable 2.

3. Results and Discussion

The synthesis conditions and obtained results are
presented in Tables 3 and 4.

One can see from Table 3 that the density and
refractive index of the resulting products change within
narrow ranges. The protective effect Z varies depending
on the product used (fat or cils), the amount of added
diethanolamine, synthesis time and temperature. Thus,
when using diethanolamine in the amount of 25 % for 3 h
at different synthesis temperatures, the protective effect of
the samples 1-3 was insignificant 26-49 %. Moreover, the
product obtained at the lowest temperature (sample 1) had
the smallest effect. Sample 4, obtained under similar
conditions (temperature 403K, time 3h), but with a
higher content of diethanolamine (35%), showed a
protective effect, similar to the previous products
(46.74 %). And sample 5 with 15 % diethanolamine did
not protect the metal surfaceat all.

With the increase in the synthesistimeto 4or 5h
(samples 6 and 7) we observed the considerable increase
in the protective effect (74.66 and 64.88 %, respectively).
So, when using inhibitors based on beef fat with
diethanolamine, the protective effect of the resulting
products passes through the maximum at 403 K, further
increase in temperature leads to a slight decrease in the
protective effect. The increase in the synthesis time
influences the protective effect of substances more
significantly, but also passes through the maximum. The
optimum time is 4 h. Increasing or decreasing the ratio of
components from a stoichiometrically caculated one
leads to the decrease in the efficiency. The excess acid or
amine content does not have a positive effect.

If we analyze the efficiency of amines derived from
oils, we observe the dependence of the product's
efficiency on the total content of unsaturated acids in the
virgin oil. The highest protective effect has the product
based on sunflower oil and the smallest — based on
coconut oil.

Table 4 shows the synthesis of fat and oils with
triethanolamine, the indices and protective effect of the
resulting inhibitors.

When producing esters based on beef fatty acids
and triethanolamine, the optimal synthesis temperature is
393403 K; the efficiency of estersis significantly higher
than that of amines. In the case of the use of
triethanolamine, the protective effects of all products
increase. At the same time, the greatest protective effect
(80 %) is observed for the inhibitor, obtained from refined
sunflower oil at 423K for 4 h. The inhibitor obtained
from beef fat at 393 K for 3 h also shows a high protective
effect (79%). The product from crude sunflower oil
dightly protects the metal surface; the highest protective
effect was 75 % for the product obtained at 413K for 4 h.
The same synthesis conditions were found to be the best
for the inhibitors based on corn cil. For the inhibitors
based on coconut ail the synthesis temperature is lower
(403K) and time 4 h. The protective effects of esters
derived from different oils have different dependence on
the synthesis temperature. For refined sunflower ail, the
protective effect increases significantly with the increasein
temperatureto 423 K, for crude sunflower oil the maxi mum
efficiency isachieved at 403413 K, for corn oil —at 403 K.
The same as for the inhibitors obtained from oils and
diethanolamine, esters show greater or less effect at
different content of unsaturated acids in triglycerides of ail.
Different effect of the product obtained from refined and
crude ails can be explained by different content of saturated
and unsaturated acids in the ails, as well as by the presence
of impurities in crude oil which become an ineffective
ballast. At the same time, despite the lowest content of
unsaturated acids in coconut oil (7 %), this inhibitor shows
a fairly high protective effect — 70%. The highest
protective effect (80%) was shown by the inhibitor
synthesized from refined sunflower oil at 423 K for 4 h.

When comparing the protective effect of the
resulting inhibitors, it can be argued that al products
(amines and esters) derived from oils and animal fat
exhibit protective properties.

Asit is known, the protective effect of inhibitorsis
explained by the “three-layer mechanism” [23]. The lower
part of the three-layer film connects the molecule polar
end and the metal surface. The protective effect depends
on the strength of this connection. The medium part of the
filmis the nonpolar end of the molecule. Its influence on
the protective effect is determined by the degree of
wetting or screening of the surface, which can form these
parts of the molecules. The upper layer of the filmis a
hydrophobic layer of hydrocarbons. This layer is an
additional protective film that covers the main film of the



inhibitor and creates a barrier for the diffusion of Fe™ ions
from the metal surface, as well as the diffusion of
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corrosive agents or water to the metal surface.

Obvioudly, the part of the molecules can be
adsorbed due to nitrogen atoms of the amino group, and
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another part — due to the specific interaction of the polar
OH group with the metal surface. Thisleadsto areduction

in the repulsion forces between the inhibitor molecules

protective film.

and contributes to the formation of a more dense

Table3

Synthesis conditions and indices of the inhibitors from mixtures of vegetable il or beef fat
and diethanolamine

Sample |  Tempeaure K | Timgh | Components ratio. wiv | pi Z%
Beef fat/diethanolamine
1 393 3 75/25 1.4867 0.9646 26.09
2 403 3 75/25 1.4866 0.9859 48.91
3 413 3 75/25 1.4866 0.9741 47.83
4 403 3 65/35 1.4865 0.9914 46.74
5 403 3 85/15 1.4865 0.9570 —22.39
6 403 4 75/25 1.4652 0.9771 74.66
7 403 5 75/25 1.4663 0.9781 64.88
V egetabl e oil/diethanolamine
8 403 4 (sunflower) 78/22 - - 80.34
9 403 4 (soya) 7822 — — 54.26
10 403 4 (coconut) 74/26 - - 43.62
Table4

Synthesis conditions and indices of the inhibitors from mixtures of vegetable oil or beef fat and

triethanolamine

Temperature, K | o™’ Y | Z, %
Beef fat/triethanolamine 64.5/35.5 (w/w), time 3 h
393 1.4813 1.0230 79.52
403 1.4804 1.0130 77.92
413 1.4817 0.9839 76.38
423 14764 0.9965 67.69
Refined sunflower oil/triethanolamine 69.3/30.7 (w/w), time4 h
393 1.4672 0.9684 9.46
403 1.4822 0.9757 37.77
413 1.4804 0.9839 40.92
423 1.4789 0.9758 80.31
Crude sunflower ail/triethanolamine 69.3/30.7 (w/w), time4 h
393 1.4785 0.9192 4.69
403 1.4786 0.9704 69.31
413 14772 0.9789 75.62
423 14834 0.9844 21.23
Corn ail/triethanolamine 65.3/34.7 (w/w), time4 h
393 1.4792 0.9754 11.77
403 1.4825 0.9814 68.46
413 1.4749 0.9829 49.21
423 1.4814 0.9854 33.08
Coconut oil/triethanolamine 67.0/33.0 (w/w), time4 h

393 1.4830 0.9400 45.69
403 1.4815 0.9580 70.08
413 1.4795 0.9750 47.85
423 1.4818 0.9800 66.15
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Organic compounds with long hydrocarbon chains
have both polar and nonpolar ends. In our case, this
applies to saturated and unsaturated acids that form the
basis of inhibitors. In unsaturated acids the inhibitory
properties are provided by the presence of severa
adsorption centers. The interaction involves the polar parts
of the molecule (the nitrogen atom and esteric group) and
hydrophobic part (alkyl radicals with different lengths of
the hydrocarbon chain, which is further adsorbed on the
metal surface due to unsaturated bonds). The hydrocarbon
radicals directed toward the solution repel the active
particles of the medium from the steel surface. Together
with hydrophobicity, the shielding of large areas of the
surface is aso provided. This influence has an extreme
character. With the increase in the aliphatic radical length
the hydrophobicity increases linearly, and surface activity
decreases. In saturated acids, the nitrogen atom and the
ether group aso act as adsorption centers, but the
hydrophobic part, which is the alkyl radical, does not
enter the addition reaction due to a saturated coupling and
does not form an additional adsorption layer on the metal
surface. The protective effect of nitrogen-containing
compounds is aso affected by the length of hydrocarbon
radicals with hydrophobic propertiess The CieCig
hydrocarbon radical was found to be the best. In addition,
in our case, the effectiveness of inhibitors depended on the
synthesis conditions (time and temperature) and,
accordingly, the reaction compl eteness.

4. Conclusions

So, we determined the most optimum conditions
for obtaining highly effective inhibitors. synthesis time
4 h, and the temperature 403K in the case of diethanol-
amine, and 423K in the case of triethanolamine. The
greatest protective effect was found for the inhibitor based
on refined sunflower ail, and both di- and triethanolamine.
The total amount of acids in this oil was 91.5 %, which
confirms the greater efficiency of this product compared
to those that have saturated acids. Thus, amines and esters
of sunflower oil acids exhibit an equally high protective
effect even in highly aggressive corrosive media.
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3ACTOCYBAHHSA HATYPAJIbHUX
KOMITIOHEHTIB JUISs1 OAEPKAHHS IHI'IBITOPIB
KOPO3II HA®TOIIEPEPOBHOI'O OBJIATHAHHSA

Anomauia. 3anpononoeano 3acmocy8anHHs POCIUHHOT Ma
MBAPUHHOL  CUpOBUHU  ONIsL  00EPICaHHsl  IH2IOIMOpi6  KOpo3il
Hagmonepepobnoco obraonanns. Ilposederno cunmes inzibimopie
KOpO3ii Ha OCHOBI Onill ma MEAPUHHO20 JiICupy 3 Ou- ma
MPUEMaHONIAMIHOM, — 00EPICAHO — HIMPO2EHEMICHI  [HeIOImopu
KOpo3il, usHaueHo ix Qizuxo-ximiuni nokaznuku. I pagimempuunum
MEMOoOOM BUHAYEHO CMYNIHb 3AXUCTTY 00EPICANUX iH2IOimopie Ha
cmani Cm20 6 08oghazHomy KOpO3iHOMY cepedosuwyi, Wo iMimye
cepedosuye YCmMaHOBOK €1eKMpPO3HECONeHHs. A 3HeBOOHEHHs 3d
yM08 nidecomosku Hagmu 00 nepepobnenns. Ilokazano, wo
iHeibimopy HA OCHOBI pPOCTUHHOI mMa MEAPUHHOI CUPOBUHIL,
00epPIHCAHI 30 NEeSHUX YMO8 CUHMe3Y, 30AMHI 3axuwyamu memanesy
NOBEPXHIO HApMONnepepodHO20 0ONAOHAHHSL.

Knrouosi cnosa: xoposis nagpmonepepobnozo obnadunammsi,
iHeibimopu Kopo3it, 3axucHutl egpexm.



