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Abstract

The effect of cathodic polarization under cycligahperature changing (from room temperature t&CjGon the protecti
properties of new and artificially aged heating coatings for main pipelines has been ingas#d. It is shown that catho
disbondment of @atings depends on their properties, temperatpmieal potential. It has been established thatdldecing (b
absolute value) of the protective potential (whle tR component) from -1.45 t6.75 V facilitate to retaining of the protect
properties of coatings: the disbondment radius abw hybrid-epoxide coating decreases in 3.3 tiraged coating n 1.7
times, new and aged polyurethane coating — mare 20 times.

Keywords:cathodic disbondment, cathodic polarization, hykefzbxide coating, polyurethane coating, protecpeéential.

By this time in Ukraine more than forty thousand Modern research analysis
kilometers of operating main gas pipelines havenbee Cathode polarization may have harmful effects if
laid, mainly from pipes of large diameter (1220-the protective potential goes beyond standard salue
1420 mm) and high working pressure of gas (up tBxperience has shown that the recommended values of
7.4 MPa). Gas pipelines are laid in different cliima the protective potential may sometimes be insufiti
conditions, with changes in topography of the arear excessive, which depends on the local propedies
different composition of soils, and so on. In pieet the environment. Cathodic polarization is a fadtwat
cases of breaking down of main gas pipelines aenof can be practically managed [4].
caused by corrosion of the surface of the pipes, Studies conducted by scientists at elevated
including stress corrosion cracking (SCC) [1]. temperatures (up to 150 °C) have demonstrated that

Anticorrosion isolation and electrochemicalcathodic disbondment depends both on the applied
protection are used to protect underground pipgline potential and conductivity, temperature, curremsity,
the world, but it is impossible to protect metapgs thickness of the coating, composition of the soluti
from the influence of the environment completel} [L  and the duration of the experiment [5]. With a éarg

World experience [2] and the statistics ofnegative potential, the differences between indiald
emergency damages caused by SCC show that the magsults for all types of coatings are not suffitiand are
gas pipelines with tape polymer coating are molsfestt  within the accuracy of the method. Regardless ef th
to this kind of destruction, especially those inicththe applied potential, the polarization potential cast be
insulation was applied in field conditions. lower than -1.2 Vc.se. Therefore, an increase in the

The most effective method for reducing theanduced potential beyond a certain boundary dods no
probability of SCC is use of multifunctional isatat lead to acceleration of testing [5].
which is applied in the plant conditions and cotssi There are experimentally confirmed data that the
several layers or contains ingredients, each offwhas radius of disbondment increases with the incredskeo
maximum protective properties from the influence ofemperature, the duration of the experiment, and a
external factors, such as products of vital activf decrease in the thickness of the coating. Praciiziale
sulfate-reducing bacteria, aggressive ions, watand interest has the boundary to which these factor
dissolved gases [ 3]. remain valid, and the nature of their interactiéh [

In some papers it has been noted that the
disbondment of the coatings may be accompanied by
the formation of rings of different colors on thaface
of the steel. Their quantity, size, intensity ammoc
depend not only on the degree of disbondment and
temperature, but also on the type of electrolyte t
thickness of the coating, preliminary surface trestt,
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stoichiometry of compounds formed at different pH, Materials and methods of researches
potential, thickness of the coating. Taking inte@amt To study the influence of the cathodic polarization
that the components of the medium can diffuse #jinou on the disbondment of protective polymer coatings
the film, it can be assumed that in front of therfenon  applied to surface oK70 pipe steels, the method of
disbondment front" there is an area of less negaticathodic disbondment control on the basis of the
potential, which is gradually activated by a mediunstandard method according to DSTU 4219-2003 [10]
diffusing from the volume of the electrolyte. Asesult, has been used. The boundary conditions of
on the small areas of the coating, the adhesioth@f electrochemical protection, such as the maximum and
cover with the substrate decreases, and then treas minimum protective potentials with the ohmic
merge with the front of the disbondment, which bsgi component: -1.45 and -0.75 V relative to chlorideecs
with the defect in the coating [6]. electrode (ch.s.e.) (-1.55 and -0.85 V relativedpper
In papers [7, 8], concerning the effect of cathodisulfate electrode) have been simulated. That made i
polarization on bitumen and tape coatings, it wagossible to obtain polarization potentials closethe
indicated that with the deterioration of the ingsida maximum and minimum protective ones: -1.05 and
state, it is advisable to reduce the upper levethef -0.75 Vch.se., respectively.
potential to -1.20 V and simultaneously introduce  To maintain the potential, a magnesium anode was
additional electrochemical protection means (ptotec used with a potential of -1.45 to -1.55cM.se. Due to
cathode station) . the fact that the expected polarization currergssanall,
The effectiveness of decreasing of protectiva laboratory stand based on the clamping
potential was proved in our previous research pger electrochemical cell (1), described in detail i, [@as
for tape coating. It has been demonstrated thabdat developed for research, equipped with a multichenne
disbondment of tape coating (new and aged) dep@mds potentiostatic device (2) for controlling the pattee
its properties, temperature, applied potential.wks potential in the cell, measuring instruments (veiten-
established that the decrease (in absolute valu#)eo ammeter and microammeter with a range of
protective potential with an ohmic component frommeasurement of currents from 0 to 20 mA) (Fig. 1).
-1.45 to -0.80 V slows down the disbondment of icwat Cathodic disbondment of coating was carried out
with different degrees of aging: at room tempemtdr in a clamping cell, Fig. 1 (1) at applied potergti@hith
6 times (new and aged), at a cyclic temperaturagda IR-drop) -1.45 and -0.75 V relative toh.se. The
9 times (new) and 26 times (aged). thermosetting single-layer coatings of the new
New modern materials on the epoxy andjeneration with 100 % dry residue were used: hybrid
polyurethane basis appear on the market. The aalyantepoxy and polyurethane by the thickness of 1.2 and
of such coatings is high physical, mechanical an® mm, respectively. The coatings are applied iidfie
protective characteristics, and the coatings thémse conditions to samples of X70 pipe steel (100x100) m
are classified as class B (very reinforced) in edance after sand blasting. An artificial defect with aadtieter
with DSTU 4219-2003 [10]. These coatings, includingf 6 mm was made in the coating. The coatings were
polyurethane WG-Welepipe (Ukraine), Sigmaline 85%nvestigated in the initial state and after agindyich
(Belgium), IAMPROOF 302 (Italy), Carboline Polycladwas carried out by holding them at a temperature of
777 (USA), etc., are recommended for use primanily 50 °C for 1000 hours.
corrosive and potentially stress-corrosion dangerou  The cell was filled with a solution of 3 % NaCl in
areas and are included into the Register of inimglat a volume of 250 ml.
materials and protective coatings on their bakis, tan The research was carried out at a cyclic
be wused at the facilites of GTS PJSQemperature change, namely:
"UKRTRANSGAZ". Any coating is expected to be at the room temperature — for 4.5 days a week;
ageing and this process can be accelerated under th at 50 or 70 °C — for 2.5 days a week.
influence of the external environment and cathode The hybrid epoxy coating was being exposed for
polarization 1 month at a temperature of 50 °C and for 4 moatts
Many researchers are asking: what is the optimutemperature of 70 °C, polyurethane — for 2 months a
potential of cathodic protection and how does esiwes temperature of 70 °C.
potential affect the coating? During the study under applied potentials, the
Therefore, it was interesting to establish howprotective potential with IR-drop, polarization potial
cathodic polarization affects the newest coatingh & and polarization current were measured. It showd b
defect. To find out the influence of cathodic paation noted that at the potential -0.75V (ch.s.e.) the
on the protective properties of the thermosettingolarization potential approaches the potentialhwit
coatings of a new generation, on the basis of thdemm  IR-drop, therefore only the potential with the IRed
research analysis, the purpose of the work wagas controlled. After research, the radius of
formulated, which was to compare the stability loé t disbondment of coating was determined.
coatings (in the initial state and aged during 1860Qrs
at a temperature of 50 °C) under the effect of adith Investigation of the influence of cathodic
polarization at different protective potentials andgolarization on the protective properties of the
cyclical temperature changes from room temperaipre hybrid epoxy coating
to 70 T. Fig. 2 shows photo of samples after testing at
different potentials, in Fig. 3 — the change of
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1 — a clamping cell; 2 — multichannel potentiostatevice;
3 — microammeter; 4 — channel to connect the &¥H;connecting wires
Figure 1 — Laboratory bench for research of cathodi disbondment of protective polymer coatings

a — before the test; b, ¢ — after capacity test45¥ for 1 (b) and 4 months (c);
d, e — after capacity tests -0.75 V for 1 (d) an@y¥months

Figure 2 — The appearance of a new (1) and artifially aged (2) epoxy coating after the influence of
cathodic polarization during cyclic temperature changes

polarization potentials and currents during testden It has been assumed that the deposition of these
the potential with IR-drop -1.45 V. From the Figit3s  salts and their sufficiently strong adhesion todbating
clear that the polarization potentials changeduns precisely under the potentials close to th@mim
nonmonotonically and were shifted towards morerotective potential, since under the potentials of
positive values with an increasing of temperatwe t-1.45 V, this phenomenon was not observed.
70 °C (after 60 days). During the first month oé tiest At the end of the testing, the radius of the
(Fig. 3,b) at a temperature of 50 °C, the polarizatiomlisbondment of the new coating was 6.9 mm whit th
currents on both samples did not exceed 2.2 mAhWibf the aged coating was 13.1 mm. In such a way, th
an increasing of the temperature up to 70 °Geduction of the protective potential from -1.45ty
polarization currents on samples with aged coating.75V promote to slowing disbondment of the new
increased almost twice and reached 3.9 mA (Tahle Xpating (in proportion to the radius of disbondithday
The maximum radius of disbondment of coating unded times, of the aged coating — by 1.7 times.
this potential was 22.9 mm, both for the new ardlie It should be noted that the protective potential
aged coating. -0.75V practically coincides with the values of
At applied potential -0.75V, after 1 month ofpolarization potential. At the end of the test, the
testing white sediments, presumably magnesium, salf®larization currents were about 0.09%\ on the
appeared on the surface and easy removed by a sample with a new coating and 0.14& on the sample
sponge ( Fig. 2) (photo #,and 2,d). with the aged coating (Table 1).
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Figure 3 — Change of polarization potential §) and current (b) for 4 months during cyclic change of
temperatures at the potential -1.45 V during the stdy of cathodic disbondment of a new (1) and age@)
hybrid epoxy coating

Table 1 — Polarization characteristics of disbondme process of protective hybrid epoxy coating,
applied to X70 steel

Type of coating Protective potential Polarization potential, V Polarization current, A
with an IR-drop, V
New -1.427 -1.100 1.4-10
-0.750 -0.750 9.5-10
Artificially aged -1.432 -1.087 3.9-10
-0.750 -0.750 1.12-10

a — before the test; b — after testing at potentiafi5 V; ¢ — after testing at potential -0.75 V

Figure 4 — The appearance of new (1) and artificiy aged (2) polyurethane coating after the influene of
cathodic polarization during a cyclic change of terperature for 2 months

Thus, at cathodic polarization -1.45 V, the aridic Investigation of the influence of cathodic
aging of the epoxy coating practically did not affés polarization on the protective properties of
disbondment at elevated temperatures during 4 reontlpolyurethane coating
Reducing the level of cathodic polarization to 20V As you can see in Fig. 4 (photoslland 2,b)
(ch.s.e.) promote to slowing disbondment of botw nethere was a very small difference between the sadfu
and aged coatings, and for the new coating, tHecef disbondment of new and aged coatings (21.9 mm and

was greater. 20.4 mm respectively) for cathodic polarization at
Fig. 4 shows a photo of the appearance of thd.45V.
coating before and after the testing. For thisiogathe Fig. 5, a (curves 1, 2) demonstrates changing of

effect of cyclic temperature changes without pa&tion polarization potentials at a protective potentiathw
has been investigated and it has been found tea¢ than IR-drop and polarization currents, Fig. 5,
was no disbondment of coating, the radius was zero. (curves 1, 2). It can be seen that for new and aged
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1, 3 — new coating; 2, 4 — artificially aged coatin
Figure 5 — Change of the polarization potentiald) and current (b) at the cyclic change of the temperatures
at the potential of -1.45 V (1, 2) and -0.75 V (3) during the study of the cathodic disbondment othe new
and aged polyurethane coating for 2 months

Table 2 — Polarization characteristics of the disbadment process of protective polyurethane coating
applied to X70 steel

Type of coating Protective potential Polarization potential, V | Polarization current, A
with an IR-drop, V
New -1.427 -1.100 1.4 -10
-0.750 -0.750 3.4-10
Artificially aged -1.432 -1.087 3.9-10
-0.750 -0.750 1.8-10

coatings polarization potentials and currents #lgh of their application without cathodic polarizatian
differ (Table 2), which is confirmed by their radf the natural conditions.
disbondment, the differences between which are After studying the stability of the coatings of
insignificant. different structures against cathodic disbondmenthe

In Fig. 5 (curves 3, 4) changing of polarizationbare surface of the metal, the formation of rinfdark
potentials at protective potential close to theimim  color was observed (Fig. 4 (photo &, and 2, b)),
value -0.75V (ch.s.e.), and currents at cyclisometimes of different shades. A similar phenomeno
temperature changing (70 °C) is shown. From Fig. Was observed by other researchers [6] who noticat t
(curves 3, 4) and Table 2 it is evident that théhe size and color of such rings depended on tijecde
polarization potential on samples with new and ageaf disbondment, the properties of the coating, the
coating slightly varied and practically coincidedttw temperature, the composition of the electrolyte] tre
the applied potential -0.75 V, while the maximunpreparation of the surface. They associate a change
polarization currents reached the values of @84or a the color of the ring with a different chemical
sample with a new coating, and L8 — with the aged composition of compounds, the formation of which is
coating, that is 3-4 times less than at the padéion due to the joint action of cathode polarization, ahtl
value of -1.45 V (not more than 1.8 mA). The raxfii elements that are parts of the coating.
disbondment in both cases were 0, Fig. 4 (photoahd Some researchers [11] suggested that there is an
2,0). oxide film on the boundary between the coating ted

Reducing the protective potential to -0.75 Vsteel prior to cathodic disbondment, which may aont
practically stopped the disbondment, Fig. 4 (phibtoc FeO; and FgO, before disbondment, and in the
and 2,c ). Since a similar effect was observed withoupresence of moisture, it may contain small amoonfts
polarization, it can be assumed that the cyclimgean Fe(OH), Fe(OH)}, FeOOH and FeC{(such an oxide
temperature (from room temperature to 7€) film may be called interphase to make it easieDe T
practically does not affect the polyurethane camtinmechanism of cathodic disbondment of the coatiomfr
(new and artificially aged). Reducing the level othe metal surface may include electrochemical iagiv
cathode polarization from the maximum protectiveef F&Os in the interphase oxide film.
potential to the minimum (-0.75 V) has made it [lass It has been assumed that when the surface is
to avoid the disbondment of the polyurethane cgadin exposed under the disbonded coating, the interphase
elevated temperatures. oxide film begins to recover at potentials appraagh

Taking into account the obtained data for thisxlaghe polarization potential of -1.05 V (ch.s.e.), in
of coatings, it is expedient to investigate thegiliiity = accordance with the reaction:
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Figure 6 — The radius of disbondment of a new (1)ral aged (2) epoxyd) and polyurethane ) coatings
at a cyclic changing of temperature from room tempeature to 70 °C for potentials of cathodic polarizdion
of -1.45 and -0.75 V in 1 and 4 months of exposure

Fe,0,+2H,0+2€ - 3HFeG+ H, Conclusions _ _
which initiates cathodic disbondment _Cathod|c disbondment of_protectlve_ thermosetting
As a result of the analysis 01; the potential-pl—f:oatIngs depends on the applied potential, termerat

diagram for the Fe—COH,0 system at 60 °C, the duration of exposure. With a large negative pognti

HFeO, ion is stable in the presence of an alkalinéhe differences for the different types of coatinffew

medium formed as a result of the decompositiorhef t and aged) are negI|g|b_Ie. : o
aqueous electrolyte by cathodic polarization and The study of the influence of cathodic polarization
impregnates under the coating. The recovery gdfm at the_potenuals.of -1.45 and -0.75 V (odn)son.the
the interphase oxide film runs on beyond the lingti protective properties of th? n(.aw and old thermaggtt
potential of the cathodic protection approaching thCO"Jltlngs showed the following:

. - ; the artificial aging of the hybrid-epoxy coating at
maximum polarization. The electrocapillary proces . 2 .
reduces the surface tension on the boundary of tg.ée cathodic polarization of -1.45 V (ck.$.practically

steel / crevice solution under the coating. These t oes not affect its protective properties at elewat

: o temperatures. Reducing cathodic polarization to a
components of the mechanism lead to a violatiothef . : )
minimum protective potential of -0.75 V promotes to

relat_lonshlp between the adhesive component of t%‘fowing down the disbondment of both new and aged
coating and the steel surface, and, as a resudt, t

coating is being disbonded from steel [11]. Co?f}(':ri‘gst'_ For a new coating, this effect is more
Thus, it can be assumed that the rings formed on - . . .
the surface during the disbondment are producthef reducing the protective potential to a minimum of

recovery of the interphase oxide and componentheof 0.75 vV V|rtuaIIy_ halts the ~disbondment of .the
coating layer, which directly contacts with the fage polyurethane coating at elevated temperatures.eSinc

similar effect was observed without polarizatianwas
of the metal, ssumed that the temperature change from room
From the analysis of experimental data it wa P 9

: . : emperature to 70 °C practically does not affest it
established that during the cyclic temperature gira) dist())ndment Taking intg accoun¥ the obtained fiata
the radii of the new and aged coatings as hylpake '

and polyurethane were practically the same or rdiffe this (.:I‘F’.‘.SS of coatings, it |s_exped|ent_ to mveﬂegthe_
under some conditions of the test (Fig. 6). possibility of their application without cathodic

Probably, over time, you should expect a fas,[éarolarlzatlon in the natural conditions dependingtia

increase in the radius of disbondment of the samjile properties of the environment.
the aged coating than with the new one. At a cyclic changing of temperature (from room

ttemperature to 700), the reducing of the protective

For the aged polyurethane coating, a sligh . ;
decrease in the radius of disbondment (20.4 mm) wRgtential with IR-drop from -1.45 to -0.75 V helps

observed compared to the new one (21.9 mm) wisichpreserve the protective properties of thermosetting

i . . .
about 7 %. This is probably due to the propertiethe coatings by the index of the radius of disbondmé:
coating material.

new hybrid-epoxy — in 3.3 times, the aged one %.ih

Thus, the decreasing (in absolute value) of thtémeS after 4 _months of the EXposure, new and oldes

. . . olyurethane in more than 20 times after 2 months o
protective potential promotes the preservation (ﬁ]

. : : . . e exposure.

protective properties of thermosetting coatings.islt
right to assume that this effect will be intensifiever
time in the course of pipelines operation.
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Y]K 620.197.5

Bnnue kaTogHOI nonsApu3sadii Ha 3aXUCHi BNaCTUBOCTI
TepMOpeaKkTMBHUX NOKPUBIB ANns MarictpanbHUX TpybonpoBoaiB

C.0. Ocaouyx, J1.I. Hupkosa, A.O. Pubakoe, C.JI. Menvnuuyk

Inemumym enexmpo3zsaprosanus im. €.0. Ilamona HAH Yxpainu,
11, syn. Kasumupa Manesuua, Kuis-150, 03150 Vkpaina

JlocnipkeHO BIUIMB KaTONHOI IOJSpU3alii 3a LUKIIYHOI 3MiHM Temieparyp (Big kimuartHoi no 70 °C) na
3aXMCHI BJIACTMBOCTI HOBUX Ta IUTYYHO 3ICTApEHUX TEPMOPEAKTHBHUX MOKPHBIB JUIS MaricTpajibHUX
TpybomnposoaiB. [loka3aHo, o KarogHe BiIIApYBaHHS MOKPHBIB 3aJIS)KUTH BiJ IX BIACTHBOCTEH, TEMIIEpaTypH,
HABEICHOr0 MOTEHIiany. BcTaHOBIEHO, 1[0 3HMKEHHS (32 aOCOMIOTHMM 3HAYCHHSM) 3aXHCHOTO MOTCHLIany 3
OMiuHOK ckiIamgoBo Bix -1.45 mo -0.75 B chpuse 30epeXCHHIO 3aXHCHHX BJIACTUBOCTCH IOKPHBIB. pajiyc
BiJIIApyBaHHS HOBOTO TiOPHI-CIIOKCHIHOTO 3MEHIIYEThCS B 3.3, 3icTapeHoro — B 1.7 pasiB; HOBOTO Ta 3iCTapeHOro
oJIiypeTaHoBoro — ouipmie Hix y 20 pasis.

KirouoBi ciioBa: 2iopud-enokcuonutl nOKpus, 3axXucHull nomenyian, KamooHa noaspu3ayis, Kamoone eioulapyeanis,
NONLYPemano8uii NOKpUs.
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