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Abstract

There are described the main aspects of protecfionderground oil-and-gas pipelines againgtrobial corrosion by sc
corrosion-hazardous microorganisms, including theial role played by sulfateeducing (SRB) and thione (TB) bacteria.
researched the effect of nitrogen-containing organhibitors of corrosion on the growth and enzyaghity of the sulfur cycl
bacteria and the locking mechanism of TB, it isoatketermined hydrogenasic reaction of corrosictive SRB. There
analyzed the influence of the dioxo-decahydroacedierivatives on the rate of mobial corrosion of steel under the SRB
TB effect. It is theoretically researched the bsstance of dioxo-decahydroacridine derivativese Efffectivness of thes
inhibitors and the industrial "J" inhibitor is coamed. The researched inhibitoreyide with a high degree of protection age
corrosion in the presence of SRB (90%), indicatingr antibacterial propges and showing the prospect of their us
industrial conditions of anaerobic corrosion tisataused by SRB.

There are identified the bacteria associates of foysiological groups of the damaged gas lpips primers that are le
in the regions |, Il and lll. Their qualitative agdantitative composition is deteined. It is found out that the dominant baci
in associatiorof the isolated bacteria are denitrifying (DN) teai@; this indicates the intensity of denitrificat processes in tl
underground environment. As a result of this ibéhprotective insulation coating and a primerdastroyed.

There are carried out industrial tests of wative biological stable protective coating on thesis of the modified t
inhibitor "J" mastic at the Regional Pipeline Depaant "Prykarpattransgas”.

Key Words: corrosion primer, inhibitor, mechanism, microorgamis, oil-and-gas pipelines.

Introduction The microorganisms have biological impact on

corrosion processes of metals and steel that arefno

In some regions of Ukraine there is formed awcorrosion-mechanical origin. Microorganisms destroy
environmental hazard caused by the soil corrosion the metal and often influence the chemical,
pipelines during the long-term operation of undeogid  electrochemical and other processes, strengthenring
gas pipelines. Unpredictable pipeline failures I¢ad weakening in such a way different types of cornosio
significant economic losses and serious environatentAccording to modern concepts, the process of
consequences. For this reason, prevention of &sjur microbiological corrosion occurs in the spot of teaia
which are caused by the risk of biocorrosion preess and metal contact, i.e. at the biofilm (that is the
by soil micro-organisms, is one of the priorityaccumulation of bacterial cells and the producttheir
components of the national security of Ukraine. metabolism) that is formed on the surface [1-2].

The intensification of the soil corrosion processes  The corrosion of metals and metal constructions in
of underground oil-and-gas pipelines under ththe underground environment is often associatet wit
influence of microorganisms is a clear manifestattd the life cycle of sulfur bacteria: sulphate-redgcin
anthropogenic impact on the environment. bacteria  (SRB), genera  Desulfovibrio  and
Desulfotomaculum, and thione bacteria (TB), type
Tiobacillus, which are capable of oxygenating thikus
and its compounds to sulfuric acid, and rapidlydowg
* Corresponding author: the pH. The cases of anaerobic corrosion are more

no@nung.edu peculiar for underground and metal constructiornik (o

© 2013, lvano-Frankivsk National Technical equipment, pipelines, tank farms, etc.) that arelay
University of Oil and Gas. and water-bearing soil layers.
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coating. The results of biodeterioration of insulgt
materials, used for corrosion protection of undeugd
pipelines, are eloquently illustrated by econorogsks.

Thus, annual losses (that weren’t completely taken
into account) from biodeterioration in the U.S. absut
$ 1.5 billion, in Japan — up to several billion yén
England — around £ 10 million. [4]

Realia of the production structure and application
of anticorrosive materials to isolate different eégpof
trunk pipelines and domestic pipelines in Ukrairenw
allow us to leave cheap and affordable petrobitwonn
coatings in the next 5-10 years. While in most Ream
countries and the United States the percentage of
petrobituminous insulation does not exceed 10%,
besides its application is limited with pipes diaeneip
to 600 mm and with operation in low corrosive media
the production backlog of modern forms of insulatio
(polyethylene, polypoxy, polyurethane) leads tofect
that most pipe-insulated oil-and-gas companies in
Ukraine use petrobituminous and petrobituminolms-fi
coverage, the percentage of which in the gas sector
exceeds 90% [5].

The coating degradation takes place with the loss
of its dielectric properties during the long-term
operation of pipelines with bituminous coating iadk
conditions, and then cracking of the protectivetioga
is possible. While pipelines are operated in strsalgne
soils that contain solubl€0, and H,S, if the salt
content is up to 3.4% or more, the corrosion
) . . phenomenon occurs in the formed coating cracks;ishi

Figure 1 — Effects of biodeterioration a consequence of the accelerated transition ofiirtm
) ) . solution caused by hydrogen sulphide &hdormation

The biocorrosion, made by the sulfate-reducingqom hydrogen ions. Hydrogen penetration into tleels
bacteria, causes flaws or pittings on steel pipsliin = g rface results in a sharp weakening of the metal
some cases, a uniform corrosion may occur. On & cture and corrosion processes.
outer surface area of the pipe, that is laid instnsoils, Today we cannot underestimate the role of

anaerobic SRB develop more actively if there areemoicrghial processes during destroying of undergdoun
sulfates and organic matters (peat, silt, humuantpl etq) constructions. According to the assessment of
remains, etc.) in the soils [3]. , _ foreign researchers-corrosionists, more than 50%
_ The corrosion process is accelerated in 1-3 timgg mage to metal pipeline constructions can be dause
in soil adjacent to the metal (pherosphere). SREra@e p, the activity of microorganisms. The action ofth
from the pherosphere to the surface of corrodinteme gifyr pacteria (such as thione bacteria and stépha
(chemotaxis, or the directed movement to iron iand  oqcing bacteria) as corrosion agent in undergtoun
other compounds), concentrate on it and form aliof  edium is clearly limited by environmental conditso
which is the place of electrochemical reactionssush 54 the oxygen content [4].

processes SRB directly affect the rate of anodic or  Th5tis why the corrosion in underground medium

cathodic reaction. As a result of microbial degt&te ¢hou1d be considered as the bioelectrochemicakpsoc

of the protective coating, the influence of hetephic i, which the biological factor must be necessaeken
block of aerobic and anaerobic bacteria — hydraarb i account in addition to the electrochemical

degrading (HDB), iron-reducing (IRB), denitrifying component. Therefore, the protection against cimmos
(DNB) and SRB bacteria — there occurs the change gf ynderground structures should be made basedoboth
physical and mechanical properties of protectivgye results of a preliminary analysis of biological

materials [4], their strength, elasticity, adhesioRgrrosion of soils activity and also the biological
properties decrease, resulting in the loss of th@nm gapility of soils [6].

function of the coatings-metal protection against g5 the problem  of improvement  of
corrosion. etrobituminous isolation in order to provide itthwi

A!though HD bacteria do not take direct part in th ew properties remains burning both in the scientif
corrosion processes they convert hydrocarbons infp 4 practical aspects.

carbohydrates, which are the source of food for SRB one of the solutions to this problem is
and of hydrogen sulfide generating. DNB that reducgsgification of petrobituminous mastic by corrosion
nitrates to nitrites and then to such gases asgaitrand jnpipitors that can both hamper electrochemical
nitrogen oxides lead to the destruction of the guidte corrosion and show biocidal properties for inhitgtiof

a) coating delamination; b) damage to pipes metal
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dangerous corrosion microorganisms in order tquaternary ammonium salts is the disruption of the
produce modified mastics, which possess enhancsttucture of cell membranes, the cause of denadorat
physical and mechanical parameters and are bialtbgic of cellular proteins and reducement of the actiwofy
stable. An integrated approach to the modificatiokey enzymes. Other advantages of using such
processes of petrobituminous coatings has gregtiaternary ammonium salts as biocides are the tfaats
prospects and will help to improve their relialyiland they provide a high level of steel protection from
duration of operation. corrosion with SRB bacteria (90-94%), have good
Since the main metabolite of sulphate-reducingntibacterial properties, they are non-toxic, refethe
bacteria is hydrogen sulfide — a stimulant of ceiwo IV class of danger and can be successfully useeérund
and hydrogen embrittlement of steels — the task ahaerobic corrosion conditions caused by SRB withou
inhibiting of SRB activity is particularly topical. harm to the environment [4].
On the other hand, the requirements of
The Main Aspects of the Biocides Use for environmental legislation have become more stringen
Microbiological Protection for application of xenobiotic substances in opestays
in recent years. It is forbidden to use a number of
Among the various methods of corrosion contrdlraditional biocides. The main criterion that detigres
of underground oil-and-gas pipelines the leadirac@l the applicability of biocides-corrosion inhibitors

at present and in the near future will be givertie operational practice — is their low environmental
inhibitor protection because it does not requiréoxicity. These matters must be insensitive toeffiects
substantial investment. of environmental change, unable to form toxic

Organic corrosion inhibitors provide a high degreéecomposition products during their destructiom, i.
of protection against corrosion of metal at lowthey must be biologically resistant.
concentrations in corrosive medium. Inhibitors have Considering the above mentioned, we can
rapid effect and their use is cost effective. formulate two basic requirements for microbial

The main advantages of inhibitor protection are itsorrosion inhibitors that are implemented into
simplicity, efficiency and the possibility of reglag the operational practice: biocidity and biological sance.
existing inhibitor to a more efficient without vading The first requirement is already recognized and the
the scheme of the technological process. studies of biocidal effect of corrosion inhibitosse

A necessary condition for biocides, which are useldeld. We carry out the research of biological tesise
in the oil-and-gas sector, is the ability to detéoe of corrosion inhibitors in relation with the inflnee of
bactericidal activity and block the enzyme activitfy sulfur cycle bacteria for the first time.
bacteria according to the mechanism of uncompetitiv Since bacteria, which cause biocorrosion, quickly
inhibition. adapt to existing biocides, which requires an iasesin

There are used corrosion inhibitors of inorganithe concentration of biocide during adaptation and
and organic nature for microbiological protectioh oincreases the environmental impact, the relevant
underground oil-and-gas pipelines. Among th@roblem is the selection of biocides, which aréevado
inorganic inhibitors the most effective are chlerin associates of corrosion-hazardous microorganisnes at
hypochlorites, hydrogen peroxide, potassiunminimum concentration of their actions.
permanganate, iodine, iodoform; among the organic The aim of this research was to study the effect of
inhibitors-derivatives of amines, diamine andrganic nitrogen-containing inhibitors of corrosithrat
imidazolin. During operations in order to inhibiRB are dioxo-decahydroacridine derivatives: "1/0",0"3/
activity, which are the most aggressive among sdlb/0" and "7/0" and "J" inhibitor in the class of
microorganisms, there are widely used nitrogemjuaternary ammonium salts (QAS) on the biological
containing organic compounds: derivatives of tadlaz activity of thione, sulphate-reducing bacteria and
triazole, amines and amides, quaternary nitrogegerrosion-active microbial associations, which |¢ad
containing compounds. The protective effect of ¢heghe intensification of biocorrosion processes of
inhibitors is influenced by the fact that these poomds underground oil-and-gas pipelines. For business
form a protective film during sorbing on the metaleasons, the names of inhibitors were not disclosed
surface. The adsorbing film inhibits the process of

hydrogen adsorption on the metal surface, thissliéad The Research Results and Discussion
the decrease in the catalytic activity of bactena the
decrease in the catalytic activity of bacteria tbe In previous articles [7] we have demonstrated that

energy producing reaction of sulfate reduction [6Fthe inclusion of corrosion inhibitors, namely diat

Taking this into consideration, on the one handlasses of organic compounds, to the basic bitumsino

inhibitors form a protective film on the metal g€, polymeric mastic helps to achieve modified masties

on the other — bacteria tend to form biofilms om ththe bituminous-polymeric base with high physicat an

metal, where the most active metabolic and corrosianechanical parameters and plasticity. The basic

processes occur. bituminous-polymeric mastic is the one branded as
The main advantage of organic over inorganiMBPID produced by the Dashava plant of composite

biocides is high effectiveness at the low concdioina materials.

and stability of biocidal activity that is probabiglated One of the most important qualities of bituminous-

to their cationic structure. Biological effect ofpolymeric mastics is water saturation, as it definater
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repellency and, ultimately, the dielectric propestiof
the insulating coating. We have previously reseagich |,
that water saturation of mastic, which is modifieg
nitrogen-containing corrosion inhibitor, is muchwr 80
than water saturation of the basic mastic. Thiggithe
reason to state that the nature of inhibitor thamjected
into the base bituminous-polymeric mastic affetts t
water repellency of modified mastic. Meanwhile,sthi
inhibitor forms a new more water repellent struetur
during absorbing on the surface of bituminous 2
polymeric base. These results should be taken in
account when using the modified mastic in the swam 0000 005 010 o1 om0 025 030 035 040 o5 0%
muddy soil. It is also important to note that tiaengple it concentration, g
of the basic mastic after keeping in distilled wate +10 30 60 T K
becomes brittle; there is formed a brown thin @ratts Figure 2 — The intensity of growth inhibition of SFB
surface. The brown thin coat on the surface ofbtc by nitrogen-containing organic inhibitors
mastic sample may be caused by desorption of water-
soluble components of mastic. At the same time,  apother indicator that characterizes the activity o
samples of modified mastic under the same conditiogqrrosion inhibitors is their effect on the rate of
are plastic and there is not any precipitation b& t corrosion processes. The results of these studies a
surface. _ _ . _demonstrated in Figure 3. The figure shows thatake
As it was mentioned above, the vital activity ofgf corrosion of metal samples under the influerfctne
sulfur cycle bacteria — sulphate-reducing and ®ionphibitors under investigation decreased accorttirie
bacteria — results in the most sensitive COIosioRyeviously defined activity of growth blocking oRB.
deteriorations of the metal of trunk pipelines. f&i@re, A high level of blocking of biocorrosion processes
we considered it appropriate to investigate thecedf performed 1/0, 3/0 and “J” inhibitors. Corrosioreran
organic  nitrogen-containing  corrosion inhibitorshejr presence decreased from 29.6 mg/ger day to
including dioxo-decahydroacridine derivatives, bese 3 g mg/dn, 1.7 mg/dr and 2.4 mg/df per day,

groups of micro-organisms and to compare them witlspectively. Efficiency of 6/0 and 7/0 inhibitonsas
the efficiency of the “J” inhibitor of the quaterya 3_4 times less.

ammonium salts class (QAS). During the model
laboratory experiment we investigated the activfy 35
growth inhibition of sulphate-reducing bacteria tbe 29.6
Desulfotomaculum sgenus and hiobacillus spthione s l

bacteria, which were provided by the Department (= 0. 105
Microbiology of Ivan Franko National University of £ 20

Lviv. The experiment was performed with theZg 15

60

inhibition %

30

2. per day

11.7

application of two concentrations of inhibitors @2d sz 10
0.5 g/cni of the growth medium. Sulphate-reducinc g 18
bacteria cultures were grown in liquid Postgateiored 5 i -
within 14 days. Cells of acidophobic thione baeteri = ° ,

. . . Sterile Cells 1/0 3/0 6/0 7/0 J
were grown in an incubator at Z3 for 7 days in a medium  withour
Beierink growth medium. The experimental studies o inhibitor
the effect of nitrogen-containing corrosion inhilog on Figure 3 — Inhibition of the corrosion of metallic
growth and enzyme activity of sulfur cycle bacteria samples in the presence of inhibitors

were carried out according to the methodologies [8]

The results of microbiological tests are Since there are important for blocking reliabildfy
demonstrated in Figure 2. These data show that “microbial corrosion the inhibition intensity of ot
inhibitor was the most effective for SRB. It inti#ml the bacterial growth and corrosion rate, also the meisima in
growth of microorganisms at 93.3% at a conceninaticaccordance with which this blockage occurs we have
of 0.2 g/cnd, and when the concentration of inhibitordefined the type and the constant of inhibitiondirthe
increased to 0.5 g/chthe growth of microorganisms inhibitors under research. The results are shown in
inhibited at 95.9%. The effectiveness of growtHFigure 4.
inhibition by 1/0 and 3/0 SRB inhibitors was alsose. Figure 4 demonstrates that inhibitors 1/0, 3/0 and
They blocked the growth at a concentration of/0 blocked the growth activity of SRB in a compesi
0.5 glcni to 93.8% and 97.7% respectively. Thevay (Fig. 4, a), inhibitors 6/0 and “J” — in a non-
effectiveness of 6/0 and 7/0 inhibitors was siguifitly ~competitive way (Fig. 4, b). Inhibition constargjich
lower (not more than 80%) at a concentration cfre graphically determined, for competitive 1/@ 8nd
0.5 g/cm. 7/0 inhibitors were 4.9 + 0.3 mg/8n8.3 + 0.3 mg/sth

and 6.5 + 0.3 mg/shrespectively, while the constants
for non-competitive 6/0 and *“J” inhibitors were
6.1 + 0.3 mg/sth and 4.0 + 0.3 mg/sin
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25 aliphatic chains is less than 32 kcal/lbond and it
decreases when the number of carbon atoms in #ie ch
increases.

The researches of the influence of dioxo-
decahydroacridine and quaternary nitrogen-contginin
derivatives on acidophabic thione bacteFiaiobacillus
sp. showed (Fig. 5) that the most effective agaihist
group of microorganisms were 1/0 inhibitors among
dioxo-decahydroacridine derivatives and “J” intub
among QAS, which showed the blocking of these
organisms growth 95.8 and 97.1%, respectively, and
O st 02 0P 0409 reduced the rate of corrosion at almost 90% unier t

20

@

=)

1/V x 107 per hour

ewithoutinhibitor ~ A1/0  X3/0 W70 influence of thione bacteria (Fig_ 6)_
25
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Figure 4 — SRB inhibition according to competitive
(a) and noncompetitive (b) mechanism Dioxo-decahydroacridine derivatives — 1/0, 3/0, @/0;

QAS — “J” inhibitor

Eigure 5 — Inhibition of thione bacteria growth by
nitrogen-containing corrosion inhibitors

Based on these results it can be concluded that th
most effective mean of corrosion protection of the
researched nitrogen-containing compounds is *“J”
inhibitor, which influences SRB in a noncompetitive
way and shows the minimal inhibition constant; ite. 6.22
meets the requirements that are applicable to tl s
corrosion inhibitors (biocides). )

The dioxo-decahydroacridine derivatives can b £°
theoretically evaluated based on the energy vaitidse
chemical bonds between the carbon atoms of tl
phenolic nuclei and atoms of the modifying element:
3/0 and 7/0 inhibitors differ from 1/0 inhibitor,hich is _
the base for all the researched series, by theiawaali 143
chloride and nitro groups in the 4' position, respely. | 0.95 074
Carbon-carbon bonds of the benzene ring are vabjest ﬂ l_‘

6/0

w IS

Corrosion velocity, mg/

[}

o
%
&%

and the energy of their breaking is 90 kcal/bomd, the 0

energy of breaking of carbon-hydrogen bonds in gieth e 3/0

radicals is 100-104 kcal/bond [9]. Based on these . o o

considerations, we can assume that 1/0 inhibitdr wiPioxo-decahydroacridine derivatives — 1/0, 3/0, &/0;

resist the devastating attacks of corrosion active QAS —"J" inhibitor

microflora, i.e. it has bioresistant properties. eThFigure 6 — Effect of nitrogen-containing inhibitors on

prospects for long-term use of 3/0 and 7/0 inhisitre  the corrosion rate of metal samples caused by thien

not obvious, since carbon-chloride (85 kcal/bonadgl a bacteria

carbon-nitrate (79 kcal/bond) bonds can be actively

broken down by microorganisms. As a result of these We can summarize the results by recommending

changes, chloride and nitrate ions, which cathe simultaneous application of two effective 1fida

significantly enhance the progress of corrosiorcgss, “J” inhibitors in bituminous-polymeric coatings,amof

accumulate in the environment [10]. the inhibitors executes its strategic protectivecfion.
Noncompetitive 6/0 inhibitor is not bioresistant1/0 inhibitor quickly and efficiently kills most othe

because any carbon-oxygen bond is very stabtlangerous bacteria, “J” inhibitor makes microbial

(90-100 kcal/bond) but very active in biochemicatolonization of oil-and-gas pipelines surface isgble

reactions, and the energy of carbon-carbon bonds dwer a long period of underground facilities opierat

7/0 J
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Table 1- The variants of microbiological researche

Variantl
Experiment Control
Towson medium + «3/0» sample + HDB bacteria astonia Towson medium + «3/0» sample
Towson medium + «6/0» sample + HDB bacteria astonia Towson medium + «6/0» sample
Towson medium + «7/0» sample + HDB bacteria astonia Towson medium + «7/0» sample
Variantll
Experiment Control
Hilti medium + «3/0» sample + HDB bacteria assoorat Hilti medium + «3/0» sample
Hilti medium + «6/0» sample + HDB bacteria assoorat Hilti medium + «6/0» sample
Hilti medium + «7/0» sample + HDB bacteria assoorat Hilti medium + «7/0» sample

Based on the results of microbiological tests of  After analyzing the results it can be stated that t
dioxo-decahydroacridine derivatives, we can regatfoituminous-polymeric insulating mastics modified by
these inhibitors with antibacterial properties ashe corrosion inhibitors 3/0, 6/0 and 7/0 are laibkt
components for modeling of multifunctional inhibiyo towards the action of HDB and DNB.
system, which will protect oil-and-gas pipelinesnir The results of experiments are important from a
corrosion in an underground medium. practical point of view, since the introduction thfe

We obtained the samples of modified mastic on thesearched biocides into the basic mastic helps to
basis of industrial mastic with these biocides andde receive modified mastics and protective insulating
a research of their microbial resistance acogrdo coatings, which will be resistant to the damagifigots
the State Standards of Ukraine (SSU) 3999-2000. Tb€HDB and DNB.
heart of the method was to quantify the intensity o Another important aspect of improving the
bacterial growth in the presence of coating asoifly  microbiological protection of underground pipelinss
carbon source. We identified the associations oBHDthe removing of the damaged insulation layer ared th
and DNB at the damaged bituminous coating of marsurface preparation during reconstruction and repfai
trunk pipeline "Pasichna—Dolyna" (Fig. 7). pipelines.

In the places where a technology primer, which is
an adhesive layer between the pipe metal and imsula
remains intact, there are significant difficultiegh the
removing of insulation in these areas, particularly
bitumen, film and paint area; this fact results in
significant loss of abrasive material during prepian
of surface for further application of new insulatio
construction, which reduces the speed of repair of
pipelines in several times depending on conditions.

In addition, pipelines are laid in the soil with
different corrosion activity and mineralization,
insulating coatings of which are damaged by baateri
destructors. Therefore the problem of removing of
localized intact insulation and of the damaged prim

The experiments were in two versions: TowsoH"ith bacteria-destructors is an urgent technoldgica

medium (excluding hydrocarbons) and Hilti medlun{:hallenge the successful solution of which willesa
(Table 1). considerable material and energy resources.

There were sampled the damaged primers based on
minous mastics of oil and gas trunk pipelin€R)(
laid in the I, Il and 11l regions.
Fig. 8 (a—c) demonstrates the photos of damaged
primers.
The damaged primers differed in strength and

Figure 7 — Photo of the damaged bituminous coating

We immersed the samples of modified mastic bg_
3/0, 6/0 and 7/0 inhibitors, which had been steeili O™
with ethyl alcohol and UV rays, and inoculated thes
samples by 1Dcells/cni of HDB and DNB in a glass
flask (volume 200 cri) with appropriate nutrient
medium. The samples of modified mastics were kept i
an incubator at a temperature of 2822or 90 days. The C0IOF Of corrosive layer on the surface. Thus, Tre
experimental and control flasks with mastic sample‘%”mer of the reg!on | was brite; its surface was
were visually inspected after the tests end. Adogrtb covered by corrosion products colored from black to

the criteria of microbial resistance of SSU 3999®m r?dEiSh'b(;OV‘l’n'tA bIa;}qu TbeJrinlzer %f the r$%ion _Iazv
comparison with the control, the results of visuap ICKY and piastic, whiie a black and gray prra
. e{he region Il was brittle. Using the appropriatétare

dia [2] we took cultures of IRB, DNB, HDB and

where the resistance of mastic samples to HDB a
B of damaged primers.

DNB was tested, were transparent and there waanyot
bacteria film on their surfaces.
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a) E " ) o'y A [ C) =
Figure 8 — A damaged primer of TP in region 1 (a)egion Il (b), region 11l (c)

Table 2 demonstrates a qualitative and quantitativead to the destruction of integrity of both a pative
composition of bacteria, which were taken out af thcoating and a primer.
damaged primers. We carried out industrial tests of insulation cogti
based on the modified mastic by “J” inhibitor, whis
biostable to influence of SRB and HDB bacteria [1]
a gas pipeline "Pasichna—Dolyna" with a diameter of

Table 2 — Qualitative and quantative composition
of bacteria, which were taken out of the damaged

primers 529 mm and a length of 30 m (00 447 PCs+00).

Region Name| IRB| DNB| HDB SRB The test results are demonstrated in Table 3.
Regionl 10" 10° 10" 10—1C The tests results showed that the insulation
Regionll 1073 10° 10 10 coating, based on bituminous-polymeric mastic
RegionlIl 10 10 100 100 modified by *“J” inhibitor, had higher physical,

mechanical and adhesive properties compared to
Fig. 9 demonstrates the photos of bacteria Standard rates in accordance with SSU 4219-2003.

different physiological groups. The analysis of the Taking into account biolog_ical_stability anq
presented data showed that there were identified foncréased hydrophobicity of the bituminous-polyroeri

groups of bacteria taken of all the researched gugm Mastic modified by “J” inhibitor, it is recommendéal
regardless of the region of trunk pipelines laying. use the mentioned innovative insulation coatinghat
problem pipeline tracks where soils are corrosignal

ﬁél " | active and there is the risk of biocorrosion.

Therefore, obtaining of biostable modified mastics
by nitrogen-containing corrosion inhibitors withghi
hydrophobicity, development and practical
implementation of biostable modified insulating
coatings at the bituminous-polymeric base is ong twa
solve important scientific and applied problem of
microbiological protection of underground oil-andsg
pipelines.

The assessment of biological stability of corrosion
inhibitors under microorganisms influence during th
operation of insulating coatings can help to preedic
environmental response to anthropogenic interferenc
into the environment.

a—DNB; b—HDB; c-IRB; d-SRB

Figure 9 — Photo of bacteria, which were taken outf _
the damaged primers Conclusion

These experimental data are of great practical 1. An important ecological and technological
importance, because they indicate the devastatigfallenge is the protection of underground oil-gag-
influence of bacteria-destructors upon insulatioRipelines against microbiological corrosion undee t
material and a primer. It is important to pay atitemto  influence of microbiological corrosion-hazardousl so
the fact of higher concentrations of denitrifyingcteria microorganisms, including the crucial role of st
in regions | and IIl. This indicates that denitiftion reducing (SR) and thione (TB) bacteria.
processes are intensive in the underground medium o 2. A research is made of the effect of organic
trunk pipelines of these regions; as a result biacte Nitrogen-containing corrosion inhibitors on biolcgji

reduce nitrates to gaseous producisNyO, NO, which activity of sulfur cycle bacteria and blocking
biocorrosion processes.
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Table 3- Results of testing an insulation coating that isdsed on bituminou-polymeric mastic
modified by “J” inhibitor and PVCH film manufacture d by “Ozom” enterprise

Indicator Requirements Experiments| Method
under SSU 4219-2008 results of experimen
The form of protective coating Continuous IayerHomo_geneous SSuU 4219
continuous
The total thickness of protective coating, mm Naislthan 4.2 4.5 SSuU 4219
. . . Appendix E
Mastic adhesion to primed steel surfddémn? Not less than 0.25 0.6 SSU 4219
. . . Appendix E
Film adhesion to masti¢l/mm Not less than 1.5 1.7 SSU 4219
Continuity of protective coatings for voltage 5 kV No breakdown Resists SSU 421b
per 1mm of coating thickness
. _ AppendixA
Strength hitat t = 2@, J Not less than 15 18 SSU 4219

3. There is defined the blocking mechanism of [7] Kryzhanivskyj, Jel, Fedorovych, JaT,
hydrogenase reaction under the influence of theolutrenko, MS & Rudko, VV 2009, ‘Zabezpechennja
researched inhibitors and inhibition constants. mikrobiologichnoi'  stijkosti  bitumno-polimernogo

4. There are theoretically estimated dioxoizoljacijnogo pokryttja’,Rozvidka ta rozrobka naftovyh
decahydroacridine derivatives as the components iofazovyh rodovyshimo. 3(32), pp. 72-78.
multifunctional inhibiting systems. [8] Dikson, M & Ujebb, Je 198ZFermenty trans,

5. There are made microbiological researches #ir, Moscow.
biological stability of modified bituminous-polymier [9] Danijel F & Olberts, L 1978 Fizicheskaja
mastics under the influence of HDB and DNB. himija, Mir, Moscow.

6. The researched inhibitors are recommended in [10] Smykun, NV, Janchenko, VA, Tretjak, AP &
order to obtain biostable coatings for corrosiotKurmakova, IN 2000, ‘Vlijanie  nekotoryh
protection of underground oil-and-gas pipelinesiresgja geterociklicheskih soedinenij na korrozionno-op&sny
corrosion damage by soil microorganisms. gruppy mikroorganizmov pochvy'Bjuleten’ Institutu

7. There were made the industrial tests of modifiedl's'’kogospodars'koi rkrokxologi, no. 7, pp. 87-88.
bituminous-polymeric mastic by “J” inhibitor in [11] Polutrenko, M, Koptjeva, Zh & Zanina, V
Regional Pipeline Department "Prykarpattransgas.” 2012, ‘Mikrobna stijkist' modyfikovanyh bitumno-

polimernyh mastyk’, Problemy korozii ta
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BucBiTieHO OCHOBHI aCIeKTH 3aXHCTy MiA3eMHUX HA(TOra30MpPOBOAIB Bi MiKp0Oi0IOTridyHOI KOpo3ii Mif Ai€I0 TPyHTOBHX
KOpO3iiHO-HeOe3MeTHNX MiKPOOPTaHi3MiB, BUPIIIAIBHY POIb CEpe/l AKUX BimirparoTs cymbharsignopmosaibii (CBB) i TioHoBi
(TB) 6axrepii. JocimipKEeHO BILTMB HITPOTCHOBMICHHX iHTiOITOPIB KOpO3ii Ha picT i (epMEeHTHY aKTHUBHICTH GakTepiil HHKITY
CIpKM Ta BCTAHOBJICHO MeXxaHi3M OmokyBaHHS Tb i rimporenasnoi peakmii koposiitHoakTuBHHX CBB. BuBueHo epexrnBHiCTH
MOX1JJHUX JIIOKCOZCKAriApOaKpHANHy Ha IIBUIKICTE MiKpoOHOI Kopo3ii crami mix xiero CBB i Th. 3po6ieno TeopeTndmy oKy
010pE3UCTEHTHOCTI TOXITHHUX JiOKCOAEKarinpoakpuanHy. IIpoBeneHO MOpIBHAHHSA e(eKTHBHOCTI MJAaHMX IHTIOITOpIB 3
mpoMuciIoBuM iHTiOiTOpoM <«OK». [locmimkeHi iHribiropn 3a0e3medyloTh BHUCOKHMI CTYIIHb 3aXHCTy METaly Bil Kopo3sii B
npucyraocti CBB (Ginbure 90%), o BKasye Ha iX GaKTEpHIMAHI BIACTHBOCTI Ta BiIKPHUBAE MEPCIIEKTUBY iX BUKOPHUCTAHHS B
MIPOMHCIIOBUX YMOBaX PO3BHUTKY aHaepoOHOI Kopo3ii, 3ymoBienoi CBB.

Bupineno acomiatn 6akrepiil 4oTHpHOX (i310J0TIYHNX TPYI 3 MOIIKOMKEHUX IpaiiMepiB MaricTpaabHUX Ia30MpPOBOIIB,
npokinangenux y perionax I, II i III. Bu3naueno ix sikicHuM Ta KUTbKiCHHH Ckiaj. BcraHOBIEeHO, MO JOMiHAHTOM B acoriamii
BuAineHUX Gakrepiit Buctynarots JIHB Gakrepii, mo Bka3ye Ha IHTEHCHBHICTB IPOTIKAHHS HPOIECIB ACHITpHU(IKAIi B yMOBax
ITiI36MHOTO CePEAOBHUINA, B PE3YAbTaTi SIKUX PYHHYETHCS HE TUIBKH 3aXHCHE 130MIAIIiifHe TOKPUTTS, aie i mpaiimep.

[IpoBemeHo mpPOMUCIOBI BHUIPOOYBAaHHS IHHOBAI[IHOrO OI1OCTIHKOrO 3aXHMCHOIO TIOKPHTTS HAa OCHOBI MAaCTHKH,
MozaudikoBaHoi iHTi6iTOpoM <«OK» B yMOBaxX ympaBIliHHS MaricTpaibHHUX ra3onpoBofiB «d IpukapmaTTpancras».

KirouoBi cnoBa: ineibimop, koposis, mexanizm, MiKpoop2anizmu, Hagpmoz2azonposoou, npaimep.
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