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ABSTRACT. The purpose of the work is the research of the processes of the intetian of the

system CeMo-Cr -Si-B with the heatresistant nickel alloy VZh 98 concerning the development of the

technology of strengthening of the contact surfaces of the working blades of the ship gas turbine

engines. During this work the methods of the mroroentgen spectral analysis, the electron

microscopy were used. The adhesive activity of the researched alloys was researched by the method

of horizontal drop. It showed that the experimental compositions have high adhesiaetivity relating

to the hed-resistant nickel alloys at the temperatures 1190...1218°®° ZKLFK FUHDWHY WKH IDYRX
conditions for their use in the ship gagurbine building. © 2019Bull. Georg. Natl. Acad. Sci.
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The important problem of the ship egasbine temperature and the possible for use methods of
building is the need of the increase of efficiency,application. In the conditions of the concrete
reliability and the resource of the gasbine production, the specified criteria can give the
engines operation. First of all, thgs@rameters are mutually exclusive action, which complicates the
identified by the intensity of the work blades choice of the optimal material and technologies [2].
contact surfaces wear, which are in the most In shipbuilding, gadurbine building heat
difficult conditions of operation. That is why the resistant nickel alloys of types ChS88U
materials and the technologies of strengthening o€hS70UVI and others are used for the production
the contact surfaces require development of newf the working blades. The specified alloys are
progressive solutions. strengthened by the use of disperse separations of
Today, there is a wide range of the wear <phase Nj(Al, L« which has the tendency for
resistant materials, which can be applied on theoagulation during the interaction of high
contact surfaces with melting or without melting of temperatures. It creates good conditions for the
the base material [1]. In this case, the mosincrease of wear intensity, including the
important criteria of the workability is tirenelting  intensification of the processes of the surface ball
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oxidation, which is the denrichment bythe which does not give the possibility to pass the short
alloying elements. time heating up td150°K > @ IRU WKH DOOR\
These alloys are not melted practically because All known alloys on nickel and cobalt base can
the temperature of their heating during thebe in the second group, for example, the alloys
application of the wearesistant material is no VZhL-2, VKNA-2M [4], V3K-r [5], Stellite12[6],
more than 1210...122® ,Q RWKHU F D V Kh30N&QYUST2L[¥], WhRFN10B8 [4], KhTM61
transient decrease of the basic matestaéngth, [8], KhTN- > @ 7ULEDOIR\ LH4O01
ZKLFK OHDGV WR Wlhhs&ahd th® GID]WetcR QheR listed alloys have the melting
appearance of the fractures in the point of meltingemperature more than 1220° ZKLFK PDNHV WKHLU
[1]. That is why the alloy, which strengthens theuse difficult during applying on the contact surfaces
contact surface, must have the temperature aff the working blades of the ship gasbine
melting no more than 1210...1220° G X U L Q Jengirtesiby the method of melting.
apdication in liquid condition. At high melting That is why, in the AdmiraMakarov National
temperature, its joint with basis can be executed, fddniversity of Shipbuilding, with the Zorya
example, by the use of highmperature soldering. Mashproekt Gas Turbine Research and
But the construction of the turbine blades does ndDevelopment Complex, the perspective wear
always allow to use this efficient method. resistant materials KMKh and KMKhS were
The weairesistant materials for the skirbine  developed. They have the necessary level of the
should be classified in two groups in accordance witlwearresistance at workingemperatures up to
the melting temperature: it is below or over900°K DQG WKH PHOWLQJ WHPSHUDWX!I
1210...1220K 7KH GLIILFXOW SU-RE@RPKLY @WKH IGH YAHKOHRPS_FDO FRPSRVLWLR
ment of the materials, which are of the first groupalloys melting temperature are shown in Table
They have thaeecessary level of weagsistance at The purpose of the work was the research of the
working temperatures (upto 9K° DQG FDQ 9PdsESsed/ &f Hhe interaction of the wessistant
shorttime thermal loadings at the temperature up tonaterials with the heagsistant nickel alloy
1150°K ZKLFK LV WKH FORVHVW WZHRI8N KdhcerRrg GtheV Hevé€)opmBrt WK the
G LV VRO Xyhhde @ thielbase metal. technology of strengthening of the contact surfaces
The weltknown alloys of the first group are of of the working blades of the ship gasbine
the composition KBNKhL2, for example, with the engines. The specified alloy has the classical level
melting temperature at the level of 1070...10R0° of the alloying which allows to establish the

Table 1. Properties of the alloysKkMKh and KMKhS

Alloy Chemical compositiaréo mass Melting temperature

brand Co Cr Mo Si B Ni CrsCz °K G
KMKh Base | 17-18 | 27-28 | 2832 | 0812 A A 1185%
KMKhS Base 17-18 27-28 2.8-3.2 0.8-1.2 2.8-3.2 1.9-21 1165°

Melting temperature has been identified by the method oftbigiperature differential thermic analysis

Table 2. Chemical composition of the alloy VZh 98

Alloy Chemical composition, % mass.
brand Ni C Mn Si Ti Cr Fe W
VZh 98 Base " " " 0.3-0.7 23.5- 26 " 13-18
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general regularities of the influence of the quantityinto “light” phase, which is blocked by Cr
of the alloying elements of the base metal into th€9...11%mass), and near the joint has the
adhesive characteristics of the alloys, which areoncentration of C+ 18...16%mass. Co is in the
melted and the chemical composition of the meltedase metal at the distance of 10 microns from the
ball in accordancevith the melting temperature. line fusing (up to 5%nass) and at théistance of
The chemical composition of alloy VA8 is 120microns from the line of the fusion of alloy
shown in Table. KMKGh, its particle is in accordance with the base
The activity of the alloys KMKh and KMKhS composition (in the“light” phase, it can be
were researched by the method of drop in the calrdecreased up to 35% mass).
state during the meltdown in the vacuum of 10 Z The duration of the transfer zone of Mo from the
on the backing madé&om alloy VZh 98. The melted into the base & is very small. There is
duration of ageing at the temperature from 1175 ughe small increase of Mo concentration in the base
t01210K LV PLQXWHYV 7KH DQD onktal WipRo WSReHmMAEKE) Fatl th¥ idigance of 10
results showed that both alloys have high adhesivmicrons from the line of the fusion. The
activity concerning the alloy VZh 98. At heating concentration of the Wo concerning the base metal
temperature 1175...1188° W Kdge angle of up to the line of the joint is at thewlo limit of the
wetting for the alloy KMKhS exceeds 12 degreesalloy VZh 98 (up to 13% mass). There is the
and for the alloy KMKh- 20 degreeswhich is not increase of the melted metal concentration in the
enough from the point of view of workability. In interval from 1.5 up to 2.0% mass at the distance of
the fusing temperature interval 1190...12K0fhe 120 microns from the fusion line in the melted
edge angles of wetting are less thardégrees for metal. Si in the base metal is not found.le #one
the alloy KMKh and less than 5 degrees for theof the joint the concentration of Si is 0.5% mass., at
alloy KMKhS. Later the areas of spreading arethe distance of 120...140 microns from the fusion
more than 0.5nm?mg for both alloys, which is line, in the melted ball, its concentration is 3% mass
more than enough from the point of view of the(in the“light “phase is up to 4.5...5.0% mass). The
workability and it creates favourable conditions formass concentration of Ti in the base ahet
their production use. 0.4...0.6%, in the joint 0.08%, and at the distance
The separation of the chemical elements in thef 100 microns in the melted metal it is not found.
area of the interaction of the alloys KMKh and The concentration of Fe in the base and melted
KMKhS with the heatesistant alloy VZh 98 at the metal is at the level of the hum values.
range of temperature 1175...1210°LV VKR ZQ Th&interaction of the alloy KMKhS with the
Figs. 22. The analysis of the interaction bétalloy  alloy VZh 98 & the temperature 1178° H[HF XW HV
KMKh with the alloy VZh 98 at the temperature in accordance with the analog scheme (Fig-f), d
1175°K VK RZV -x)that nickel from the base The part of Cr is increasing slowly from the base
metal passes into the melted ball. At the distance aghetal (close to 30% mass) up to the melted metal
125microns from the line of the joint, its (20...25% mass). In the“light” phase its
concentration is 1% mass, and at the distance aoncentration decrease can H&%mass. Co
390 microns— 0% mass. The mass particle of Cr in concentration in the base metal, at the distance of
the base metal at the distance of &¥brons from  120...130microns from the fusion line is about
the joint can be 30%ass, at the standard 0.4% mass, and from the joint line it is increasing
concentration for the alloy VZh 98 24...26%ass. and at the distance of 48ticrons in the melting is
The decrease of the Cr concentration in some poin#8%mass. Ni transfers into melted mesaid the
of the meltedmetal is connected with the ingress depth of the penetration is up to 58@crons. At the
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Fig. 1. Microstructure and separation of the chemical elements in the area of the interaction of th&vilbys
Z Ean@&KMKhS (d, e, fwith the heatesistant alloy VZh 9&t tempH UD W X U H f K

distance of 430microns from the fusion line, its part in the'light” phase is about % mass, and in
concentration is about 7% mass. Mo, at the distandie “darkK’ — close to 2.5% mass. Si in the base
of 300microns, in the base metal is on the hummetal is not found, and during transfer through the
level (0.3...0.5% mass), which shows its lowfusion line it is in the quantity, which is in
diffuse mobility in these conditions. In the melted accordance with the initial composition b&talloy
metal its division in the lpases is in accordance KMKhS (Tablel). Ti in the base metal is at the
with the source state of the alloy KMKhS (Talhile level of 0.5...0.8% mass, in the melted metaip
Wo in the base metal at the distance ofto 0.20.3%mass at the distance of
270...300microns is at the level of 14.5% mass, in120...130microns from the fusion line. Fe is in the
the joint— 6.5% mass, and in the melted metal atbase and melted metal at the hum level.

the distance of 60@icrons from the fusin line, its
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Fig. 2 Microstructure and separation of chemical elements in the area of the interaction of the alloys KMK)
and KMKhS (d, e, f) with the hedtt HVLVWDQW DOOR\ 9=K DW WHPSHUDWXUH

$W WHPSHUDWXUH f K Véasé mdtR Quebk\Rliike @aiidd: 0.2% mass at the
interaction of the alloy KMKh with lte heat distance of 250nicrons from the fusion line. After
UHVLVWDQW DOOR\ 9=K L)V WHe HusiBrOlDeR tZansded it§ Lecdncentrdtion in the
Ni penetrates through the joint (17...308&ss) melting is 39...42% mass, with a small reduction
into the melted ball (up to 11...18ftass ) at the (up to 32%mass) in thélight” phase. Mo is in the
distance of 40@nicrons from the fusion line when base metal at the level of 0.25...0.7684ss at the
its part in the base metal is 56...588ass , atts  distanceof 250 microns from the fusion line,
reduced part in thdight” phase (up to 5%nass). 7...11% mass in the joint and 11...15% mass in
Cr has the stable index (close to 28% mass) in theelting at the distance of 400 microns from the
base metal, reduces up to 24% mass in meltingoint, at stable 38% mass in thigght” phase. Si in
15% mass-in the“light” phase. Co transfers into the base metal, like earlier, is not found. During
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melting it is 3% mass, taking into account itsfusing. At the same time the activity of KMKhS
position in the'light” phase. Ti and Fe are the samealloy is higher than KMKh alloy, which is
at temperature 119¢ K concerning its additional alloying by chromium
7KH DOOR\ .0.K6 DW W H P Scarbide\W bkeundtal of fugiéh is becoming full by the
increases its activity concerning the alloy VZh 98chemical elements of the base metal, and first of all,
(Fig. 2, df). Ni distributes irregularlyrom 26 upto by Ni and Wo. Ti and Fe show high diffuse mobility
28% mass at the distance of 380...8%0rons in these conditions, but their small concentration in
with the single' spikes in points (2 and 14% mass) the base metal does not make a big influence on the
in the close to the base metal the volumes of thehange of the properties of the melted metal. The
fusion. Cr shows stably 27...28% nsas the base zone of the diffuse interaction in the melted rhata
metal, 24...26% mass is in the joint, it is redgci the close area to the fusion line is increasing from
in the“light” phases of the fusion up to 12% mass.390 microns (for KMKh alloy) and 550 microns (for
Co is fixed weakly as early, in the base metal.0.K6 DOOR\ DW WHPSHUDWXUH
(0.2...04% mass, at the distance 0of830microns (for all height of the fusion) for both
280...310microns from the fusion line;8%% mass DOOR\V DW WKH WHPSHUDWXUH
is in the joint and 35%mnass is at the distance of elemens of the melted alloys, such as Co, Mo, Siand
390microns from thefusion line (the nominal Cr, are penetrated weakly in the base metal, which is
value is not reached). Mo is inert: 0.45...0.60%solid during the process of the fusion. The zone of
mass is in the base metal at the distance dhe diffuse penetration of the specified elements into
280...310 microns from the fusion line, 2...8% the base metal, for this temperature intergadtithe
mass is in the joint, about 8% mass is in“tthark’ level of 10 microns for KMKh alloy at temperature
phase and 42% mass, its concentratioréjoint fK XS WR microns, for KMKhS alloy
is at the level 5...6% mass, 3...4%ass is the DW WHPSHUDWXUH fK ,Q WKH
duration of 380microns in accordance with the zones the concentration of the chemical elements are
fusion line, 10%mass is in thélight” phase. Siin fixed at the level of the tenth particles of thass %,
the fusion is at the level of 1.7...2.2%ass, which cannot have a big influence on the properties
reducing in the'dark phase up to 0.7% mass and of the base metal.
the hopping increase in thdight” phase up to 5.5% Bo concentration at the researched samples was
mass Ti mass part in the base metal is at the levelot identified due to the absence of the technical
of 0.5...0.7%, and it is reducing gradually in the possibility.
fusion up to 0.30...0.35% at the distance of 380 The specified particulars are necessary to be
microns from the fusion line, with the sharp calculated for seftdion of the temperature of
reduction practicy up to 0% in theé'light” phase. application of the compositions of KMKh and
Fe concentration in the fusion is at the level ofKkMKhS alloys on the real details. The excessive
0.6...0.7% mass with the duration of 3®@crons increase of the temperature of the base metal
in accordance with the fusion line (in the base metaheating will have the negative influence on the
it is 0.7...0.9% mass), with the reduction up toworking characteristics of the melted cavsjtions.
0.4% mass in thdight” phase. The analysis of the received results during the
So, the increase of the heating temperature fromesearches shows that the temperature of the
fK XS WR fK OHDGV WR WWdatihgLaD theHm@sé Lnhéetd aivhieRigy $hould not
the processes of the interaction of the base metal wigtxceed the temperature of the melting of the
the fusion, and first of all the processes of thecompositions which are applied. So, for KMKh
separation of the base metal by the alleigich is  alloy, the opimal temperature of the base metal
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KHDWLQJ DW WKH PHOWLQJ GRMANMEr \Woth alfoysHwhich is adelfuate from
DQG IRU .0.K6 DOOR\ LW LV the péint $IWiaw KOHth¥ Dverkhbility and gives
time, the duration of the stay at this temperaturepecified conditions for their production use. The
should be minimal. That is why during the excessive increase of the temperature of the base
development of the real techogy we should metal teating at melting effects badly on the
exactly control the temperature of the heating of thevorking characteristics of KMKh and KMKhS
details, which are strengthening and reduce it to theompositions due to their initial enrichment by the
adequate minimum of the adhesive activity of thechemical elements of the base. The temperature of
materials which are melted. the heating of the base metal at melting is
necessary to be restrictdtd.must not exede the
Conclusions. KMKh and KMKhS alloys show temperature of melting of the applied compo
high adhesive activity concerning VZh 98 alloy at sitions. The optimal temperature of the heating of
the specified operational temperature interval othe base metal for KMKh alloy does not exede the
melting (1190...1210K 7KH HGJH DNIEOMYHBRDWXUH fK DQG IRU .0.K6 C
wetting are less than 12 degrees for KMKh alloy fKk $W WKH VDPH WiyRHH LW LV Ql
and less than 5 degrees for KMKhS gllhater minimize the duration of staying at this
the areas of the spreading are more than O.emperature.
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