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Abstract. Analysis of the efficient complex application of
zinc coatings such as sherardizing on tubing surface and
carbon dioxide inhibitors during the natural gas extraction
on Lutsenkivske gas condensate deposit wells has been
caried out. Microstructural and  eectrochemical
investigations of zinc diffusion layer have been
conducted. Existing industrial experience shows that the
complex corrosion protection significantly increases the
life of wells, which significantly increases the economic
performance and prevents environmental pollution.
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1. Introduction

Corrosion is an important common problem
encountered in the gas industry, which requires using
various types of equipment such as pumps, drills and
tubing [1]. Stable work of the tubing, which is the main
component of the operational gas-extracting column,
largely determines the economic efficiency of oil and gas
deposits development. Loss of column tightness, its
destruction or premature failure, leads to a decrease in
production volumes and increases operating costs[2]. Itis
known that the main cause of rapid failure of pipes is
corrosion, which drastically reduces their service life and
cuts production volumes, which ultimately leads to a
decrease in profitability of oil and gas production. The
major problems of corrosion in the gas industry is
particularly found in production materials as tubing and
casng are more exposed to carbon dioxide (CO,) a a
partial pressure of CO, more than 2:10° Pa and hydrogen
sulphide (H,S), and formation water can cause severe
corrosion problemsin gaswells[3-5].

One of the effective ways to increase the corrosion
resistance of tubing is protection with special anti-
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corrosion coatings. The degree of protection depends on
the method of application and the chemical composition
of the coating, which is selected for specific operating
conditions, depending on the acidity of the medium and
the salt content. Anticorrosion coatings can be metals (Zn,
Cr), resins, ceramics and fiberglass [3]. In the case of
pipes with threaded ends, the selected coating should not
only protect against corrosion but also ensure a high wear
resistance and tightness of “pipe-coupling” threaded
connections.

Zinc coating such as sherardizing, also known as
thermal diffusion galvanizing [6], is an effective way of
corrosion protection of pump tubes, both during storage
and transportation and during exploitation in gas wells [ 7-
9]. Sherardizing is a thermal diffusion coating process in
which ferrous articles are heated in the presence of a
sherardizing mixture consisting of zinc dust with or
without an inert material. Zinc protective coating is
formed on the internal and externa surfaces of pipes and
couplings, and on their threaded sections. After
sherardizing, tubings are obtained with reliable long-term
protection against corrosion-erosive effects of aggressve
environment.

The unigque properties of the zinc diffusion coating
are due to its dructure, interpenetration and uniform
change in the concentration of zinc and iron in the
thickness of the coating layer with a maximum content of
zinc in the outer layers of the coating, which provides it
with good plasticity and tread properties. External more
soft layers are working as a solid lubricant, which is
especialy important for threaded joints of pipes, their
operational durability and reiability.

The effectiveness of protective zinc coatings
applied on the tubing surface and couplings was tested at
the time when they were operated on Lutsenkivske gas
condensate deposit wells. During operation of galvanized
tubings in gas wells corrosion damage was not observed
on the surface for 46 years, and some tubings and
couplings were re-lowered into the well for further
operation. After more than 7.5 years of wells exploitation,
minor corrosion damage was observed on the surface of
threaded connections, at the 1000-1300 m level horizon.
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Using of inhibitors is another effective way to
protect the gas pipes [10-12]. Protection is carried out by
introducing a protective substance into the intertube space
or injecting directly into formation water.

2. Experimental

During metallographic research on the external and
internal tubing surface the thickness of the applied zinc
layer and the layer of zinc coating, which remained after
the operation, was measured. Samples of tubes with zinc
diffusion layer were fixed with acrylic resin of cold
hardening to prevent the coating from being detached
when grinding and dipping the edge of the sample. After
polymerization of the resin, the samples were sanded by
paper (P100, P240, P400, P600, P1000) and polished by
diamond paste of 1micron with chromium oxide.
Estimation of the zinc coating quality was carried out on
untreated samples, using a NICON Eclipse MA100
metallographic inverted microscope.

Electrochemical inhibitors tests were carried out
according to manufacturer’s recommendations by adding
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inhibitorsto the system in the amount of 3040 g inhibitor
in commercial form per 1000 m® of gas, calculated in
accordance with well production.

Corrosion  behavior was investigated by
polarization potentiodynamics. Polarization curves were
determined by 1PC-Pro potentiostate apparatus (with built-
in microprocessor and access to a personal computer) at
scan rate of 5mV/s. Polarization curves determined the
potential and current density. The potential was recorded
in comparison with the chloride silver €ectrode,
trandating data into a standard hydrogen scale. As an
auxiliary electrode, a platinum electrode was used. During
the experiment, the mixing of the solution was carried out
using a magnetic stirrer MM-5.

3. Results and Discussion

Investigations of tube with zinc diffuson layer
before and after operation in the well for four years have
been carried out. The microstructure of zinc diffusion layer
isshownin Figs. 1 and 2. Distribution of thickness of zinc
diffusion layer ontube surfacesis reportedin Table.

a)

b)

Fig. 1. Conditions of zinc diffusion layer before expl oitation on external (a)
and internal (b) surfaces of tubing; magnification of 250

a)

b)

Fig. 2. Conditions of zinc diffusion layer after 4 years exploitation on externd (a)
and internal (b) surfaces of tubing; magnification of 250
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Digribution of thickness of zinc diffusion layer on tubing surfaces

Before operation

After operation

Characteristics External Internal External Internal
Number of measurements 182 251 154 244
Mean thickness, X, pm 44.7 58.70 22.8 27.8
Standard deviation, S um 12.1 15.11 6.0 85
Minimum value, um 18.3 24.75 131 19.7
Maximum value, pm 87.2 102.45 375 49.3
Coefficient of variation, % 27.07 25.72 26.32 30.58

The mean and minimum thickness of the external
zinc diffusion layer is dightly less than that of the internal
one. This may be due to the technological features of the
coating process and does not affect the rdiability and
duration of tubing operation in gaswell.

Long-term tubing operation with zinc diffusion layer
is due to the high corrosion resistance of the iron-zinc
phases of diffuson zinc coating (primarily due to
participation in the passivation of the surface) together with
ZnO oxide, zinc ferrites (ZnFeO,, ZnFe;0,4), and aso
complex salts on zinc basis. Fig. 3 shows the external tubing
surface with zinc diffusion layer after its operation in the
gaswell. Light areas of a surface arethe layer of metal zinc
and iron-zinc phases, dark areas are products of corrosion.

Fig. 3. Zinc diffusion layer appeared on the tubing
surface after operation in the well for four years

The metallographic studies have shown (Figs. 2
and 3) that during long-term exploitation of sherardizing
tubing in gas wells dense layers of zinc corrosion products
and iron are formed on their surfaces, the protective
properties of which prevent the destruction of deeper
layers, that is, the effect of self-protection of the pipe
surface is detected.

To create an effective anti-corrosion protection
system when operating gas condensate wells, it is
necessary to consider the corrosion activity of formation
water, which significantly affects the destruction of the
tubing surface. One of the methods for reducing the
corrosive activity of formation water is the use of
inhibitors, namely, carbon dioxide inhibitors.

The properties of carbon dioxide corrosion
inhibitors of 27 world producers have been studied and
comparative electrochemical investigations have been
carried out under exploitation conditions on Lutsenkivske
gas deposit wells, namely, when using as electrolyte
sample of formation water from the gas well.

Anodic polarization curves of sted samples with zinc
diffusion layer in formation water with addition of 5%
methanal inhibitor solution are shown in Fg. 4. The highest
protective properties (curves 2 and 3) have been detected for
formation water with inhibitor compared to those obtained
using formation water without inhibitors (curve 1).

So, the addition of 5% methanolic solutions of all
investigated inhibitors into the formation water (Fig. 4)
significantly stifles corrosion processes and decreases
current density by 2.15-2.5 times.

For the determination of well corrosion state, iron
and zinc ion contents in formation water were regularly
monitored. Application of complex protection tubing,
namely, the zinc diffusion coating and the carbon dioxide
inhibitor, sgnificantly reduces the corrosion rate. Thus,
there is a decrease in the number of iron ions in the
samples of formation water even from 200 to 0 mg/l, and
the content of zinc ions—from 30 to 0.5 mg/I.
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Fig. 4. Anodic polarization curves of steel sample
with zinc diffusion layer in formation water: without (1)
and with addition of 5% methanol inhibitor solution AMDOR
IC-7 (2), INCORPAR 7920-M (3) and INCORGAS 111 (4)
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4. Conclusions

Using of applied set of methods for tubing
corrosion mitigation in gas production, in particular,
complex application of sherardizing and corrosion
inhibitors, allows to significantly (up to 7 years or more)
extend reliable lifetime of gas wells, reduce the number or
even eliminate the possibility of accidents, prevent this
contamination of the environment, as well as significantly
improve the economic performance.
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KOMILUIEKCHUM TPOTUKOPO3IMHUM 3AXUCT
HACOCHO-KOMITPECOPHUX TPYB
B 'A30BHJIOBYBAIOUYNX CBEPIJIOBUHAX

Anomauin. Ilposedero ananiz eghekmusHocmi KOMNIEKC-
HO20 3ACMOCY8AHHA MEPMOOUPYIITHO20 YUHKOBO2O NOKPUMMA HA
nosepxui HKT ma ineibimopie eyenexucnomnoi Koposii npu
BUOOOYMKY NPUPOOHO20 2a3y y C8epONosuHax JIyyeHKiecbkozo
2azoKkoHoencamno2o pooosuwa. Hasenuii npomucnosuii  docsio
NOKA3Y€E, WO KOMWIEKCHUL NPOMUKOPOSIIHUTL 3aXucm 0ae MOic-
AUBICMb CYMMEBO 30LTbUUMU CIMPOK EKCINIYAMayii c8eponosuH, o
Cymmego  nioBUWYE  eKOHOMIYHI ~ NMOKA3Huku i  3anobicac
3a6pYOHEHHIO HABKONUUHBO2O CEPE0sUA.

Knrouosei cnosa:. nacocno-xomnpecopia mpyba, 2a30KoH-
OeHCamma c8epoNiosUHA, KOPO3ist, YUHKOGE NOKPUMMSL, iHeIOimop.



