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INFLUENCE OF THE WORKING ENVIRONMENT ON THE HIGH-
TEMPERATURE CORROSION OF GAS TURBINE UNIT PARTS

Purpose The main objective of the work was to study the influence of the working environment on the performance
of the I'TK-101 hollow working blades.

Research methods. Microstructure studies were carried out on microsections under a “Neophot-2”" microscope
and a “Stereoscan” microscope-analyzer. Microhardness was measured with a 7IMT-5 device. Phase composition and
lattice periods of the main components were measured on a JJPOH-1 diffractometer in copper Ka radiation. The con-
tent of chemical elements was measured on a REM-1061 scanning electron microscope. Short-term strength tests
(GOST 1497-61, GOST 9651-61, GOST 1497-84) were carried out on standard cylindrical samples (diameter of the
working part 5 mm, length 25 mm) at temperatures of 200, 800, 900 and 10000 € on a ¥YME-10TM tensile machine.
Long-term strength tests (GOST 10145-81) were performed on standard cylindrical samples at temperatures of 800,
900, 10000 < and corresponding loads of 600, 400, 180 MPa on the AIMA-5-2 machine by uniaxial stretching of sam-
ples under constant load. Comparative experimental studies of high-temperature corrosion of alloys were carried out in
synthetic ash using a method widely used in the industry. For corrosion tests, standard cylindrical samples (diameter 10
mm, length | = 12 mm) were used, on which, after preliminary degreasing, measurement and weighing on an analytical
balance with an accuracy of (x 0.0005 g), synthetic ash in an amount of 12 mg / cm? was applied to their surface, simu-
lating the combustion products of gas turbine fuel of the following composition, which were placed and kept in a fur-
nace on a platform made of refractory material in an air atmosphere.

Obtained results. Studies of the influence of the working environment on the performance of the 7"TK-101 hollow
blades. It is shown that the working environment significantly affects the performance of the I'TK-101 hollow blades. It
was established that the outer layer of the profile part did not show deep damage due to their removal by a high-speed
gas flow. It was established that corrosion damage begins from the beginning of operation and the damaged layer con-
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tains sulfides of the TiS and Ti2S3 types. It is shown that the short-term strength of the 3M1-3 alloy relative to the initial
values (passport data) decreases by approximately 16-20 %. It was established that due to structural changes in the
alloy during operation, the time to fracture of the samples under load decreased by approximately 18-22 %. Based on
the studies performed, the use of protective coatings is necessary to increase performance.
Scientific novelty. Obtained results make it possible to evaluate the processes that occur during operation on the
surface of products and to establish relationships between alloying elements concentration and the corrosion rate.
Practical value. Obtained results allow us to recommend domestic alloys as a substitute for foreign alloys without

losing the properties and durability of the products.

Key words: nickel-based superalloys, high-temperature corrosion, phase composition, long-term strength.

Introduction

The structural elements of gas turbine plants (GTP)
during operation are usually subject to several types of
loads, each of which causes a characteristic type of
damage. Thus, the working and guide blades of gas
turbine engines and plants are subjected to stresses
determined by a complex of static, vibrational and cyclic
(in the general case) temperature loads.

For example, the profile part of the working blade of
a turbine in a stable operating mode is subjected to static
stresses from centrifugal and gas forces, reaching
200 MPa [1-4]. Due to the temperature gradient
established in the blade sections, thermal stresses of a
static nature arise in the material.

At the same time, the blade material is subject to
high-frequency cyclic stresses caused by blade vibration.
The level of these stresses is determined by design and
operational factors and can be 100 MPa, and the total
(equivalent) — 150 MPa [3-5].

Damage caused, respectively, by static, fatigue and
thermostatic loads is influenced by the working
environment, under the influence of which corrosion
processes occur.

The main factors determining the rate of corrosion
damage are the corrosive properties of the working
environment and the temperature of the gases at the
turbine inlet during the operation of the gas turbine
engine.

Almost all works devoted to the study of corrosion
destruction processes focus on the presence of alkali
metal compounds, vanadium, and lead in the fuel [2, 6-8].
The main source of harmful impurities is the fuel used as
the working environment. Natural gas, which is used as a
fuel for gas turbines, contains sulfur - the main corrosive
impurity in the form of hydrogen sulfide and mercaptan
compounds in fairly large quantities. For example, the
volume content of hydrogen sulfide in natural gasis 1.5 ...
4.5% [9]. If sodium also enters the flow part of the
turbine, sodium sulfate is formed, which contributes to the
acceleration of blade corrosion.

Purpose

The main purpose of the work was to study the
influence of the working environment on the performance
of hollow working blades of the 'TK-10l.

Material and research methods

The development of nickel-based foundry heat-

resistant alloys is primarily due to the fact that, in
comparison with deformed alloys, they can achieve a
greater strengthening effect due to the y'- phase and
carbides, and higher structural stability. Their diversity is
associated with the level of operating temperatures and
the requirements imposed on the properties of alloys at
these temperatures (in particular, long-term strength,
corrosion resistance).

An important advantage of materials of this class is
also the ability to cast thin-walled cooled blades of
complex configuration from them, which are practically
impossible to manufacture by forging and stamping
methods. The use of cast heat-resistant alloys for GTP
blades was largely facilitated by advances in the
development of ceramic materials, equipment and
machinery that allow castings with cooling channels to be
obtained. For stationary gas turbines, heat-resistant
corrosion-resistant alloys based on nickel EII-539JIM,
YC-70BI, as well as alloys 3MI-3 and 3MI-3V instead of
imported alloys -738 have become widely used. They are
used for the manufacture of working blades of gas
turbines of the I'TK-101, I'TK-16 thrusters.

The chemical composition of the studied heat-
resistant alloys is given in Table 1.

Table 1 — Chemical composition of the studied
casting alloys

Alloy Element content, % by mass

grade C | Cr |Co | Al Ti |Mo W [Nb [Ta |Hf [Ni |Re [Ru [Zr | B

3MI-3 01 (13 |55 (29 |49 (18 [45]-

3MI-3y |01 |13, |50 |34 (48 |09 |73 |- 0,01

4c70 01 (15 |10 |28 |46 (20 [55 (0,2 - 0,050,02

IN-738 0,1 |16, (85 |34 |34 |17 |26 (09 |17 - P.050,01

EIl-539 (0,1 (18, (19, |30 |30 (42 |- - 0,050,010

EI-929 |01 (15 (17 |47 |35 |50 |- - 0,02 0,03

Microstructure  studies were carried out on
microsections under a microscope “Neophot-2” and a
microscope-analyzer “Stereoscan”. Microhardness was
measured with a IIMT-5 device. Phase composition and
lattice periods of the main components — on a JIPOH-1
diffractometer in copper Ko radiation. The content of
chemical elements — on a scanning electron microscope
REM-106l.

Short-term strength tests (GOST 1497-61, GOST
9651-61, GOST 1497-84) were carried out on standard
cylindrical samples (diameter of the working part 5 mm,
length 25 mm) at temperatures of 200, 800, 900 and
10000 °C on a YME-10TM brand tensile machine. Long-
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term strength tests (GOST 10145-81) were performed on
standard cylindrical samples at temperatures of 800, 900,
10000 °C and corresponding loads of 600, 400, 180 MPa
on the AIMA-5-2 machine by uniaxial stretching of
samples under constant load. The relative elongation of
the samples was recorded using mechanical strain gauges.
At each load level, 3-5 samples were tested.

To assess the degree of reduction in the strength
characteristics of the studied alloys as a result of
prolonged thermal action at temperatures of 8500 and
9500 °C with different aging bases of 1000, 3000, 5000
hours, additional tests of samples were performed in
accordance with the above-mentioned standards.

Research results and their discussion

The blade blade is subject to prolonged high-
temperature action of the gas flow in a complex stressed
state. Calculation of temperature fields and stress in the
I'TK-101 blade in the “start”, “stop” and “steady state”
modes, based on the calculation of the boundary
conditions of heat transfer for the blade metal, showed
that the maximum temperature stress occurs on the
concave side, back, leading edge and at the corresponding
points on the surface of the internal cavities of the blade,
as well as at the points of connection of the internal
jumper. Therefore, special attention was paid to the
sections in these places during the research.

Analysis of the surface destruction of the I'TK-10l
blades showed that its magnitude and nature depend, first
of all, on the operating time, the state of the working
environment, dusty air, and the speed of the gas flow.

The following are corrosion studies of I'TK-10I
blades (operating time more than 18 thousand hours)
made of 3MI-3 alloy without protective coatings.
Metallographic studies of the cross-section of the profile
part showed that the depth of corrosion damage of the
inner surface of the blades prevails over the damage of the
outer surface.

Figure 1 shows the average cross-section with
diagrams of corrosion damage of the profile part of the
blades after industrial operation for more than 15
thousand hours.

—

Figure 1. Corrosion damage diagrams:
1-6 — locations for damage investigation

The structure of corrosion damage of the profile part
of the blade feather is shown in Figures 2, 3 and 4. It
should be noted that the blades are subject to corrosion
damage already in the initial period of operation. For
example, the depth of the corrosion damage layer after 9.5
thousand hours. operating time has the size of the layer
depth after 15 thousand hours. (Figure 5 and 6).

A series of curves were obtained that characterize
the concentration distribution of Ni, Cr, Ti, Al, W, Mo, as
well as sulfide of the Ti»S3 type (Figures 7 and 8).

3 X300
Figure 2. Structure of the profile part of the working blade:
1-3 - points in Figure 1

X300

Figure 3. Structure of the profile part of the working
blade: 1-3 — points in Figure 1

Analyzing the structure of the corrosion layer and
the concentration curves, it is possible, in principle, to
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distinguish three main zones. The most porous outer zone
is the NiO oxide, in which alloying elements of the alloy
with the content of oxides of the Me;O3 type, formed on
the basis of Cr,03, are dissolved. The intermediate layer
is formed by spinel Ni (Cr, Al) 204, includes oxides and
alloying elements of the alloy (titanium, cobalt, tungsten,
molybdenum, etc.). As inclusions in this layer, apparently,
there are small grains (about 3.10 pm), consisting of
almost pure nickel. The bottom layer is the thinnest, has
an extremely complex composition with sulfide inclusions
(for example, TiS and Ti»Ss sulfides).

’}_» N

x300

Figure 4. Structure of the profile part of the working
blade: 4-6 — points in Figure 1

b x 300

Figure 5. Structure of the surface layer of the working blade
after 9.5 thousand hours of operation:

a — inner surface; b — outer surface
" N R

13
:

Figure 6 — Surface of samples after testing in molten salts 90 %
Na2SO4 + 10% NaCl:
a—X99; b-4C-70; ¢ —3MI-3V; d - IN-738; d - BT 1-0;
e - BPH

The results of testing flat cast platinum of heat-
resistant alloys and samples of various metals that are the
basis or alloying elements for the alloy or protective
coating in molten salt 90 % Na;SOs + 10 % NaCl at a
temperature of 900 °C for 6 and 24 hours showed that
pure chromium (taken as a standard, 100 %) has the
greatest resistance to oxysulfide corrosion. Next are
promising heat-resistant alloys YC-70, or in the original
version 3MI-2 (85.7%) and 3MI-3VY (72.4 %), followed
by IN — 738 (41.2 %), titanium (26.9 %) and stainless
steel 06X18HIOT (23.1 %). The lowest resistance was
observed in samples of nickel, cobalt, EI-929 (completely
dissolved after 24 hours).

The strength properties of the 3MI-3 alloy were
studied on samples that were cut from working hollow
blades after operation.

Short-term mechanical properties of blade parts at
different temperatures from the experimental alloy are
shown in Figure 9.

The data presented indicate a decrease in the short-
term strength of the 3MI-3 alloy relative to the initial
values (passport data) by approximately 16-20 %. The
decrease in the strength and yield strength of the alloy is
also characteristic of samples cut from the working blades
after operation.
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Samples cut from the working hollow blades after
operation were studied for long-term strength and the
results obtained were compared with the passport data of
the alloy. According to the test results, it was found that
due to structural changes in the alloy during operation, the
time to failure of the samples under load decreased by
approximately 18-22 %. The test data are shown in

Figure 10.
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Figure 7. Concentration curves of titanium and sulfur content:
a — surface layer; b — alloy base
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Figure 10. Sustained mitsnist (T = 850 °C, ¢ = 400 MPa)
Conclusions

1. An investigation was carried out into the flow of
the working middle to determine the effectiveness of the
working empty blades TTK-10l. It is shown that the
working center essentially contributes to the performance
of working empty blades T'TK-10I.

2. It has been established that the outer ball of the
profile part has not shown any serious damage due to the
impact of the liquid gas flow. It has been established that
corrosion damage begins with the beginning of operation
and sulfides of the TiS and Ti,Ss3 type are present in the
damaged ball.

3. It has been shown that the short-term lifespan of
the 3MI-3 alloy at the end of the day (datasheet data)
changes by approximately 16-20 %. It was found that as a
result of structural changes in the alloy during operation,
the hour before the collapse of the cracks under pressure
decreased by approximately 18-22 %. To improve
efficiency, it is necessary to remove dry coatings.
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Memoou o0ocniodxcenusn. J{oCniodceHHsT MIKPOCMPYKMYPU NPOBOOUNUCS HA MIKPOUWLIIpax nid MIKPOCKOROM
«Heogom-2» i mikpockonom-ananizamopom «Cmepeockany. Mixpomeepoicmo eumiprosanu npuiadom IMT-5. Daszo-
8Ull CKIA0 i nepiodu 2pam OCHOBHUX CKAa008ux — Ha ougpaxmomempi JJPOH-1 6 mionomy Ko -eunpomintosanHi.
Bmicm ximiunux enemenmie — na pacmpogomy eiekmponromy mikpockoni PEM-1061. Bunpo6yeanus Ha KOpomKo4acHy
miynicmo (I'OCT 1497-61, I'OCT 9651-61, T'OCT 1497-84) npogoounu na cmaHOapmuux yuiiHOpUyHUX 3paskax (Oia-
Memp pobouoi yacmunu Smm, doexcuna 25mm) npu memnepamypax 200, 800, 900 i 1000 °C na pospusHiti mawiuni
mapxu YMD-10TM. Bunpobysanus na mpusany miynicme (I'OCT 10145-81) nposoounu na cmandapmuux yuiiHopuy-
Hux spasxax npu memnepamypax 800, 900, 1000 °C i gionosionux nasanmagicenusnx 600, 400, 180 Mlla na mawuni
AUMA-5-2 winsixom 00HOGICHO20 PO3MALYSAHHS 3PA3KIE NPU NOCMIUHOMY Hasaumadicenni. IlopisHsnbui excnepumen-
ManbHi O0CHIOINCEHHS BUCOKOMEMNEPAMYPHOI KOPO3ii Cniagié nposooUIUCs 8 CUHMEMUYHIN 3071 34 MemOoOUKol, sKa
WUPOKO 3ACMOCOBYEMbCA 8 2any3i. [[na Kopo3iliHux 8Uunpobyeans UKOPUCMOBY8ANUCA CIMAHOAPMHI YUTIHOPUYHI 3pa3-
Ku (Oiamemp 10 mm, doexcuna | = 12 mm), Ha sAKi nicis NONepeOHbO20 3HEHCUPEHHS, SUMIPIOBAHHS | 36AJICYBAHMS HA
ananimuunux éazax 3 mounicmio (£ 0,0005 2), nanocunacs na ix nogepxuio cunmemuyna 301a 6 Kitekocmi 12 m2 / cm?,
Wo IMIimye npoOyKmu 320PSHHs 2a30MYPOIHHO20 NANUEA, KL POIMIWYEANUCS | BUMPUMYBATUCS 8 nedl Ha niam@opmi 3
B0ZHEMPUBKO20 MAMEPIATY 6 NOGIMPSHIN ammocgepi.

Ompumanni pesynomamu. [Ipogederno 00CaioxceHts 6nausy pobo1o2o cepedosunia Ha npaye30amHicms pooouux
nopoxcrnucmux aonamox I'TK-101. Ilokazarno, wo poboue cepedosuuye Cymmeso 8NAUBAE HA NPAYe30AMHICMb pOOOYUX
nopoxcruucmux aonamox I'TK-101. Bcmanogénerno, wo 306Hiwnil wap npo@inbHoi uacmuHu He NoKA3de 2AubOKUx noui-
KOOXCEHb 3a PAXYHOK iX BUHECeHHs WBUOKICHUM 2a308UM NOMOKOM. Bcmanosneno, wo Kopo3sitiHi NOuKO0OMCeHHA noYu-
HAOMbCsl 3 NOYAMKY eKCnayamayii ma 6 nowkooxicenomy wapy micmamocs cyro@iou muny TiS ma TixSz. Ilokasano,
wo Kopomkoyacua miynicms cniagy 3MI-3 ionocho nouamxosux 3HaueHs (MACNOPMHI OAHI) 3MEHULYEMbCSL NPUOTUZHO
Ha 16—20 %. BcmanosneHo, uo 6HAcIiOOK CMPYKMYPHUX 3MIH y CNIABE NpuU eKCniyamayii, 4ac 0o pyiHy8aHHs 3pA3Kie
nio HABAHMANCEHHAM 3HU3UBCS npubauzno 18-22 %. [lna niosuwenns npaye30amuocmi He0OXiOHO BUKOPUCTNAHHSL 3d-
XUCHUX NOKPUMMIG.

Haykosa noguszna. Ompumani pesynibmamu 0aroms 3mMo2y OYiHumu npoyecu, wjo npoxoosams nio uac excniyama-
Yii Ha noBepXHi BUPODI6 MA BCMAHOBUMU 3ANEHCHOCL MINC Ie2VIOUUMU eIeMEeHMAMU Ma WEUOKICIIO KOPO3IL.

IHpaxmuuna yinnicmo. Ompumani pes3yiomamu 003601510Mb PEKOMEHOYEaAmU GIMYUSHSHI CNIAGU, K 3AMIHHUKA
3aKOPOOHHO20 CNAAgy 6e3 8mpamu IACmMusocmell ma 006208i4HOCHI eKCnIyamayii 6upoois.

Knrouosi cnosa: sxcapomiyni Hikenesi cniasu, 8UCOKOmeMnepamypHa Koposis, (azosull cKiad, 00820mpuednd
MiyHiCMb.
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