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COMPOSITE CASTINGS WITH DIFFUSION BONDS
BETWEEN ELEMENTS

B.B. Acrxos, T.B. Jlucenro, I.B. IIpokonosuy, O.1. Boponosa, M.II. Typ. Komno3uuiiini BuIuBku 3 1udys3iiiHuM 3B I3K0M MiK
eneMentamu. CTaTTsi NPUCBSMEHa AaKTyalbHId HAa CHOTOMHIIHIA [JCHb NPOOIEMH MiABUIICHHS KOHKYPEHTOCIIPOMOKHOCTI JIMBApHOTO
BupoOHMITBa. [Ipn Oe3mepepBHOMY 3pOCTAaHHI HABAHTAXKEHHS, IIBHIKOCTI, OTYXKHOCTI, TEMIIEPATYpH, BIUIMBY arpeCHBHUX CEPSIOBHIL Ta IHIINX
YHHHHUKAX CIIOCTEPIraeThCst aeKBaTHE 3POCTAHHS BUMOT [0 eKCILTYaTALiHIX BIACTHBOCTEH AeTaneil. KOMIO3uIiiiiHe IUTTS JO3BOJISIE OTPHUMYBATH
BHCOKOTOYHI BUJIMBKH BiJJIIOBITHO BCIM BUMOTaM, SIKi HUM IIPE’ SIBISIOTHCS. [IpH KOMITO3UIIHHOMY JIUTTI CHHTE3YIOThCSI OKpEMi €JIEMEHTH JeTall,
SIKi MOXKYTh OyTH BHPOOJICHI HaHOLIbII e(heKTHBHIMI MeTOAaMi (JOPMOYTBOPEHHS [UTs JAHOTO €JIEMEHTA, a TAKOXK 3 ONTUMAIBHUX MATepialiB B
3QISKHOCTI Bil NPOIOHOBAHMX BUMOT 10 neranell. OCHOBHMII 3MIiCT JOCII/KEHHS CTAaHOBUTH aHAJi3 Ta AETali3alis MapaMeTpiB eKOHOMIHOI
TEXHOJOTIi BUPOOHUIITBA KOMITO3UIIHHNX BHJIMBKIB BUCOKOI TOYHOCTI 3 IuepeHtiioBaniMu (Hi3HKO-MEXaHIYHIMHU BIACTHBOCTSIMH OKPEMHX X
YaCTHH 1 BUCOKOO EKCIUTyaTal[iiHOK HAIHHICTIO. 3HAYHA yBara MpUIUIETHCS KOHTAKTHAM MPOLIecaM, sIKi 3AiHCHIOIOTH 3B’ 30K MiXK €JIEMEHTaMH.
VY nepeBaxHiil GUMBIIOCTI BUMAAKIB Le Audy3iiiHi B3aeMOil, SKi BU3HAYAIOTHCS AeeKTaMU KPHCTATYHOI CTpyKTypH. KOHTaKkTHa 30Ha MOBHHHA
OyTH OJIHOPIZHOIO Ta KEPOBAHOI 10 T€OMETPUYHUM TapaMeTpaM i BIACTUBOCTSAM B 30HAX, € MPOTIKAIOTH CKIIAAHI (Di3MKO-XIMIYHI MPOLIECH MPH
HECTAIL[iOHAPHOMY TEIUIOBOMY DEXHMi. BHIULIIOTBCS 1 OMMCYIOTBCS XapakTepHi OCOOMMBOCTI BHPOOHHMITBA KOMITO3HIIHUX BIJIMBKIB 3
ypaxyBaHHSIM BHOOpY €JIEMEHTIB UL KOXKHOTO KOHKPETHOTO BHITAAKY 3 BH3HAYCHHSM IIapaMeTpiB, IO BH3HAYAIOTH 3B’S30K MDK HHMH Ha
KOHKPETHUX MPUKJIAJaX OTPUMAHHS KOMITO3ULIHHIX BUJIMBKIB. Pe3yapTaty JOCTimHKeHH s MiATBEPIAIH CTIHKY IPAle3AaTHICTh, 3MEHILICHHST BUTPAT
Ha BUTOTOBJICHHS BIUMBOK, EKOHOMIIO MeTaly (HalPHUKIAJ, 10 2 KI' Ha OJHY MIapomiKy). OTpiMaHi pe3yabTaTd TOBOPSITH PO BUCOKHH ITOTEHIia
KOMITO3HLIIHHOTO JIMTTS SIK 3ac00y IiJIBHIIEHHS KOHKYPEHTOCIPOMOXKHOCTI JIMBAPHOIO BHUPOOHHIITBA LUISXOM BHIOTOBJICHHS BHCOKOTOYHHX
BIUIMBKIB 3 ITi/IBUIIIEHOIO €KCITYaTallifHOO HAAIHHICTIO JINTHX JeTale.

Kniouogi cnoeéa: KOMNO3MLIHHE JHTTS, KOHTAKTHI MpOLECH, aare3iiHi 3B’s3ku, mudy3iifHi mporecH, MOPHCTI METaloKepaMiuHi
000JIOHKH, IOBEPXHEBE apMyBaHHs, 00’ €MHE apMyBaHHS

V. Yasyukov, T. Lysenko, |. Prokopovych, O. Voronova, M. Tur. Composite castings with diffusion bonds between elements. The
article is devoted to the current problem of improving foundry competitiveness. With a continuous increase in load, speed, power, tempera-
ture, the influence of aggressive environments, and other factors, an adequate increase in the requirements for the operational properties of
parts is observed. Composite casting allows us to obtain high-precision castings following all the requirements that apply to them. Composite
casting synthesizes individual elements of a part, which can be performed by the most efficient farming methods for a given element, as well
as from optimal materials, depending on the requirements for the parts. The main content of the study is the analysis and detailing of the
parameters of an economical technology to produce high-precision composite castings with differentiated physical and mechanical properties
of their parts and high operational reliability. Considerable attention is paid to contact processes that communicate between elements. In most
cases, these are diffusion interactions determined by defects in the crystalline structure. The contact zone should be homogeneous and
controllable in geometric parameters and properties in areas where complex physicochemical processes occur under unsteady thermal
conditions. The characteristic features of the production of composite castings are highlighted and described, taking into account the choice
of elements for each specific case, with the determination of the parameters that determine the relationship between them on specific
examples of the preparation of composite castings. The results of the study confirmed stable performance, reduced costs for the manufacture
of castings, metal savings (for example, up to 2 kg per cone). The results indicate a high potential of composite casting as a means of
increasing the competitiveness of foundry by manufacturing high-precision castings with an increased operational reliability of cast parts.

Keywords: composite casting, contact processes, adhesive bonds, diffusion processes, porous cermet shells, surface reinforcement,
volume reinforcement

Introduction

Foundry is rightfully ranked among the main basic manufacturers of workpieces for mechanical
engineering. This technological redistribution is one of the most important areas of technology that
determine the level of metal consumption of the national income. In comparison with forging and
stamping, casting has a higher yield and metal utilization rate (MUR), low metal waste into chips
(forging — 0.32 %, stamping — 0.24 %, casting — 0.16 %). Also, attention is drawn to the labor intensi-
ty, man-h/t: forging — 245; stamping — 194; welding — 130; casting — 120.

DOI: 10.15276/0pu.2.61.2020.03

© 2020 The Authors. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

MACHINE BUILDING



20 . . . . ISSN 2076-2429 (print)
[Mpani Opecbkoro nositexHiuHoro yHiBepcutery, 2020. Burm. 2(61) ISSN 2223-3814 (online)

Much attention is paid precision castings foundry and operational reliability of the cast parts. The
real advances in this direction are the introduction of technologies that make it possible to obtain cast
surfaces with an arithmetic mean profile deviation Ra equal to 3.2 microns or less. This improves the
durability of cast parts operating under cyclic stress loads. Thus, an increase in Ra from 2.5 to 10 pm
changes the endurance limit o ; for steel 30 HNML (XHMJI) from 550 to 190 MPa. The effect of the
surface quality on o is the stronger, the higher the strength characteristics of the steel. Reducing the
roughness of the cast surface, which is not subjected to mechanical treatment, increases the efficiency
of hydraulic equipment parts, pump impellers, propeller blades, blades of low-pressure hydraulic tur-
bines of power plants, stators and rotors of turbodrills.

In the manufacture of waveguide elements of microwave - radio devices, it is important to reduce
the surface roughness in order to reduce the length of the path of current flow (taking into account the
skin effect). The nature of the surface of castings affects the quality of enameling, which is important
for petrochemical and plumbing equipment.

Foundry workers are actively involved in the intensification of the miniaturization of power units.
For example, in the manufacture of internal combustion engines, the volume of the engine is reduced
by reducing the number of cylinders while increasing power and torque. This tendency is also noticed
in aviation, where downsizing allows reducing the mass of engines tenfold [1].

Foundry products serve as a structural basis for machines, mechanisms, units in various indus-
tries. With a continuous increase in loads, speed, power, temperatures, corrosive environments and
other factors, there is an adequate increase in requirements for the level and variety of working proper-
ties of alloys. It is necessary to take into account the demands of new industries - nuclear, space and
others, as well as the depletion of natural resources and the increase in the cost of alloys [2]. These
changes leave an imprint on the synthesis of alloys [3], where, in addition to the experience and intui-
tion of researchers, the use of computer modeling, the use of new materials, additive technologies, out-
of-furnace metal processing and control of the crystallization of alloys by external action when intro-
ducing nanosized materials, etc. is required.

Analysis of publications and problem statement

The alloy composition depends on the operating conditions of the future casting and the need to
solve special technological problems. The variety of requirements for castings often cannot be met by
any one material. Therefore, it becomes necessary to produce them from several metals with different
properties. Thus, the object (composition) consists of separate parts that retain their individuality, but,
thanks to the connection with each other, jointly form a new quality, which is lacking in separate ele-
ments [4].

Composite casting synthesizes individual elements of a part, which can be made by the most ef-
fective methods of shaping for a given element, as well as from optimal materials, depending on the
requirements for the parts. Also, the elements installed in the casting mold after pouring with the base
(matrix) metal are combined into a single whole — a composite casting (CC). Composite casting is het-
erogeneous in nature, which makes it possible to obtain a sum of service properties of a new quality
that is inaccessible to the individual elements that make up the composition.

Composite castings are used in developments aimed at creating compact units and assemblies
with a high power density due to the complication of the design of parts with thin internal cavities with
a high surface finish. Such cavities are characterized by a ratio of the minimum flow area to the length
of at least 1:50; to the wall thickness of the casting 1:1; the absolute dimensions in the cross-section
are 0.6...3 mm. These include closed impellers with radially spaced blades, cooled pistons of internal
combustion engines, waveguide elements of microwave radio devices, cooled turbine blades of non-
stationary installations, etc.

Composite casting provides ample opportunities for obtaining the required performance proper-
ties from various combinations of components. For the formation of high-quality castings, contact
processes are decisive, which carry out the connection between the elements. In most cases, these are
diffusion interactions determined by defects in the crystal structure. The contact zone should be ho-
mogeneous and controlled in terms of geometric parameters and properties, where complex physico-
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chemical processes take place under non-stationary thermal conditions. For foundry professionals who
design and maintain a technological process, this stage is the least predictable due to the presence of
boundary, temperature and geometric barriers. Such barriers include: the temperature of the transition
zone, the ratio of the mass of liquid and solid metal, the presence of a laminar sublayer, a crust of so-
lidifying metal, non-metallic inclusions on the surface, gas inclusions of a hydrogen nature, an air gap
between phases, etc. Therefore, in each specific case, it is necessary to develop stable conditions for
the formation of composite castings, taking into account the thermal and physicochemical processes
occurring at the contact boundary [5].

The aim of the work is to detail the parameters of an economical technology for the production
of high-precision composite castings with differentiated physical and mechanical properties of their
individual parts and high operational reliability.

The essence and methods of research

The development of the technology for the production of composite castings is carried out taking
into account the choice of elements for each specific case with the definition of parameters that deter-
mine the relationship between them. Let us dwell on several typical examples of the production of CC.

Waveguide elements of microwave radio devices.

The main requirements for castings arise from the operating conditions: low alloy density for non-
stationary objects; low specific electrical resistance; minimum roughness of the inner surface of the
waveguide element in order to reduce the path of vibration (skin effect), high dimensional accuracy.

To implement these requirements, we used low-pressure casting of hypoeutectic silumin and the
design of the internal cavities of waveguides and adapters to them with salt-ceramic rods obtained by
solid-phase sintering. Industrial grade sodium chloride was used as a refractory material providing a
set of properties. The stabilization of the suspension before firing was achieved by the introduction of
surfactants, for example, fatty acids (stearin):

C17H3sCOOH + NaCl — C;7H3sCOONa + HCI. 1)

In combination with paraffin, the technological properties of the suspension (fluidity, filling of
molds, sedimentation stability) increase. Firing rods is carried out in the filling of the adsorbent at a
temperature (0.8...0.9) T, of salt.

The proximity of the sintering and melting temperatures of the salt (Tienaci=808 °C) can lead to
the formation of a grain size difference (Fig. 1a), increased and unstable fire shrinkage. This problem
is eliminated by modifying the salt powder by introducing a-Al,Oz in an amount of 1.5...2.5 %, which
makes it possible to obtain a uniform-grained structure (Fig. 1b), to reduce the standard deviation of
shrinkage variation from 2.1 to 0.73, and to obtain a shrinkage value of 2.8 %. In this case, the lower
ultimate bending strength of the rods is 30-10° Pa.

Fig. 1. The structure of sintered sodium chloride: with excessive grain growth (a); equally grainy (b)
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Fig. 2 shows rods for waveguides (a), adapters (b), and castings from silumin AK7ch (AK74) (c,
d, €). The roughness of the surface of the casting cavity was measured by the arithmetic mean devia-
tion of the profile Ra and amounted to 1.6...1.25 um.

e

Fig. 2. Salt-ceramic rods and castings of waveguide elements: rods for waveguides (a); adapters (b);
castings from alloy AK7ch (4K74) (c ,d, e)

The loss of power of the transmitter of microwave oscillations largely depends on the specific elec-
trical resistance p, pOhm m. For pure aluminum, this value is 0.028 uOhm m; however, its use for
shaped casting is problematic due to its low technological properties. Silicon and magnesium, which are
part of silumin, impair electrical conductivity. Therefore, it is advisable to cover the inner surface of the
waveguide elements with a metal with high electrical conductivity with a minimum content of impurities
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and crystal lattice defects. This metal is silver. The specific electrical resistance of Ag is 0.006 pOhm m,
which is more than 5 times lower than silumin. Obtaining a composite casting consists in plasma spray-
ing of silver powder in an argon atmosphere on the surface of a salt-ceramic rod. Argon, in the presence
of a thermal and magnetic pinch effect, increases the plasma temperature to 14000 K. To create a reduc-
ing medium, the enthalpy of a gas mixture was calculated [6] by the formula:

H. =H, My +H, Mar, +..+H, My | )
M M M

mix mix mix

where Hj, H,, H, — enthalpy of mixture components;
M;, My, M, — molecular weight of the mixture components;
Mumix— the molecular weight of the mixture;
r, ry, ry—volume fractions of mixture components.
The molecular weight of the mixture is determined by the formula:

M . =M +Mr,+...+Mr,. (3)

For application, a universal plasma installation YITH-3 was used, which allows:

—to apply various powders and their mixtures to any base material;

— change the energy characteristics of the plasma depending on the thickness of the shell;

— the ability to obtain shells of equal thickness of any complexity without limiting the area.

The heating of the rod surface does not exceed 1073 K, which preserves the geometry and struc-
ture of the engraving. The simplicity of the choice of the plasma-forming gas reduces the gas satura-
tion and oxidation of metal powders. Before pouring liquid metal, the surface of the rod was covered
with a layer of flux (a mixture of sodium tetraborate decahydrate with potassium carbonate) to im-
prove wetting. In the stage of diffusion interaction, the decisive role is played by defects in the crystal
structure [7, 8], which are more developed in metal powders in comparison with contact materials.

In this case, the possible diffusion mechanisms are exchange and vacancy.

The rods are removed in water without any harmful effect on the surface of the casting.

Composite inserts of pressure mold casting (injection molding).

Further development of injection molding depends to a large extent on increasing the durability
of molds. This is especially noticeable in the manufacture of castings from high-temperature alloys.
Mold elements in contact with liquid metal (inserts, rods, etc.) are destroyed for the following reasons:
thermal fatigue, limited heat resistance, irreversible changes in shape, dimensional stability, wear re-
sistance. Only the enumeration of the reasons for the failure of molds gives an idea of the complexity
of the processes occurring under cyclic effects of temperature, surface oxidation, vacancy movement,
aging, diffusion, saturation of the surface with gases, (Fig. 3) or up to its permissible value.

Fig. 3. Deterioration of the surface of castings during the operation of molds: 10 removals (a); 2000 removals of
castings from LS-49 (/1C-49) brass (b)
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In addition to the high heat mesh, form stability and wear resistance are added to this, which
leads to the withdrawal of the equipment from operation. Virtually none of the alloys used for the
manufacture of mold inserts fully meets the requirements of modern injection molding production.
Composite casting is one of the ways to obtain inserts with predictable surface properties. There is a
real possibility of replacing the traditional surface layer of the casting formed during its crystallization
with a porous cermet shell made of powders of metals and / or their compounds, which makes it pos-
sible to control the shaping process. The filling of the pores of the shell occurs during pouring with the
formation of a composite casting. Decisive for this technology are contact processes that provide
communication between elements. They can be adhesive or diffusion. With a large number of ingredi-
ents, diffusion bonds can proceed via a crowdion mechanism. In this case, in the manufacture of mold
inserts for casting copper alloys, a composition of a porous metal-ceramic shell (a mixture of powders
corresponding to the chemical composition of intermetallic hardening steel) was used, combined by
pouring liquid cast iron of the SCh21-40 (CY21-40) brand into a mold. The most difficult stage is the
formation of the transition zone between the porous metal-ceramic shell and the liquid metal. A neces-
sary condition for filling the pores of cermet is heating the shell to (0.8...1.0) the crystallization tem-
perature of the melt, which is achieved by overheating of cast iron, pouring temperature, heating the
mold before pouring, increasing the ratio R/r (R is the thickness of the melt layer, r is the thickness of
the cermet). All this complicates and increases the cost of the process, increases casting rejects.

To stabilize the modes of consolidation of the transition zone, cast iron was modified with titani-
um carbonitride TiCN in the nanosized state. There is an increase in the strength of the connection of
ceramics with cast iron, depending on the method of modification, the R/r ratio and the pouring tem-
perature (Fig. 4).

Low sensitivity of cast iron to fluctuations in chemical composition and the duration of the modi-
fying effect during holding the metal in the ladle were recorded. The structure of the metal in the tran-
sition zone is shown in Fig. 5.

107 l;a 1'\//\\
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2 // / // =
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Fig. 4. Influence of the pouring temperature on the Fig. 5. The structure of the transition zone porous
strength of the joint of the porous metal-ceramic shell metal-ceramic shell — matrix
with cast iron: 1 — R/r = 10 (without TiCN);
2 —R/r =2 (without TiCN); 1’— R/r = 10 (in the
presence of TiCN); 2’— R/r = 2 (in the presence of
TiCN)
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In the study of the thermal stability of
the tooling, the cycles of thermal change (c.t.)
were counted until the appearance of the first
crack. In Fig. 6 shows an insert for making a
“bracket” casting from LS-49 (JIC-49) brass.

In the insert obtained by machining of
steel 40KhSMFS (40X5M®C), the first crack
was found at 400 c.t.; at a composite insert with
a porous cermet shell made of a mixture of
powders corresponding to the chemical compo-
sition of maraging steel 03N18KOM5T
(03H18K9MS5T) — at 800 c.t.

Composite casting of a rolling cutter.

The cutter is the working body of the bit
for wells drilling. The operating conditions of the cutter are complex: growing volumes of drilling op-
erations, variable rock properties, deep drilling, high rotational speeds at high axial loads. This re-
quires the ever-increasing operational reliability of the cutter - the search for materials, technologies
and designs that meet high requirements.

The traditional technology consists in mechanical fastening of rock cutting bits made of hard al-
loys (BK type) in a body made of forged chisel steel (12XH2, 10XH3, 17XH2). The mechanical fas-
tening of the teeth in the body is a long, laborious, expensive and unreliable process due to the insuffi-
cient strength of the fastening of the teeth.

Various requirements are imposed on the elements that make up the cutter - a tooth, a support, a
body. Therefore, when casting, it is advisable to make them from different materials with subsequent
joining into a composite product with diffusion bonds. Diffusion connections between the cast body
made of low-carbon alloy steel and the shank of the bit lead to an increase in the impact strength and
fatigue resistance of the body in comparison with the plastically deformed body and the teeth pressed
into it [9].

The cutters are cast into a water-cooled chill mold using an external action on the liquid crystal-
lizing metal, which makes it possible to obtain a relative narrowing of 35...40 % and an impact
strength of 100 J/cm? [10]. When the liquid metal interacts with the teeth of the BK alloy, their embrit-
tlement occurs. The cause of embrittlement is the migration of carbon in the steel to the hard alloy and
the diffusion of tungsten and carbon from the hard alloy into the liquid melt. Crystals of double iron-
tungsten carbides (n-phase) are formed in the tooth structure, which embrittle both the tooth and the
transition zone. The study of the influence of the main technological factors on the intensity of diffu-
sion and migration paths made it possible to obtain the corresponding expression [11]:

Fig. 6. Insert for making the “bracket” casting from
brass LS-49 (JIC-49)

0436 0.505
é:o.om(Mj A ()
d m T ool
05 T 0.897
L 9279107 [Mj (p—] , (5)
r m TmOI

where A —the width of the transition zone;
L — the depth of migration;
d — the diameter of the clove;
r — the radius of the clove;
M — the mass of the casting;
m — the mass of the clove;
Toour — poOUring temperature;
Tmot — Mold temperature before pouring.
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From (4) and (5) it can be seen that both values depend on the intensity of heating of the teeth.
Copper refrigerators were used to reduce the intensity. The heating temperature of the teeth working
part decreased by about 100 K. This made it possible to completely prevent the migration of carbon
and reduce the width of the transition zone by about 10 times. The dependence of the width of the
transition zone on technological factors is obtained:

A m -1.09 m -0.99
2 -245.10+* (ij (ifj , (6)
d m m

where m— the mass of the refrigerator.

The critical values myf/m and M#/m are 0.09 and 10.072, respectively. Their increase leads to
non-welding of the teeth with the casting due to the non-wetting of the tooth with steel.

At the same time, the microstructure of the transition zone contains compact inclusions of the
brittle n-phase. A comparative analysis of the state diagrams of the Co-W-C and Ni-W-C systems
showed that when cobalt is replaced with nickel, the probability of the formation of the n_- phase de-
creases, and the resulting crystals will be smaller. The application of a nickel coating with a thickness
of 60 microns on the tooth prevented the formation of the n-phase in the body of the tooth, the size of
the n-phase crystals in the transition zone decreased by 4...5 times. The 200 um thick coating com-
pletely prevented the formation of compact inclusions of the n-phase. Plating the bit with nickel does
not eliminate migration, therefore, to obtain a high-quality connection between steel and the bit, it is
necessary to use nickel coating and forced cooling together. The bond strength with the casting in this
case is 1.4 times higher than with mechanical fastening.

The developed technology has shown the stable performance of pin bits on soft and medium
rocks, a reduction in the cost of manufacturing a cutter, and metal savings of up to 2 kg per cutter.

Thin-cavity castings.

The creation of compact units and assemblies with high energy performance of internal combustion
engines, non-stationary gas turbine units (GTU), etc. (downsizing) requires an increase in operating pa-
rameters and, therefore, new materials that can withstand high temperatures, pressure, mechanical loads,
etc. In units and assemblies of this kind, a significant place is occupied by precision castings with thin
internal cavities. Internal cavities (Fig. 7) are necessary to cool the surface during operation in order to
increase the ability of the blade to withstand mechanical stress at high temperatures for acertain time.

The constant growth of the temperature-time parameters during operation is constrained by the
heat resistance of existing alloys. Obtaining such castings is complicated not only by the need to have
high casting and mechanical properties of the alloys, but also by the difficulty of obtaining thin cast
cavities. For their design, rods of solid-phase sintering are used from oxides of Al,O3, SiO,, ZrO,,
which are removed from the castings in concentrated
solutions and melts of alkalis, fluoride compounds.
The removal process is intensified by the use of ul-
trasound, autoclave, cyclic change of vacuum pres-
sure. The completeness of removal of the cores, even
with prolonged exposure to external factors, is not
guaranteed, which leads to an increase in casting
rejects. Prolonged exposure to a corrosive environ-
ment on alloys containing chromium, nickel, titani-
um, aluminum, boron, nimonic, leads to a decrease
in the endurance limit or plasticity limit. Long-term
strength (test time 100 hours at 900 °C) of precipita-
tion-hardening heat-resistant alloys in 40 % NaOH
solution at 140 °C decreases from 220 to 160...180
Fig. 7. Templates of castings of turbine blades MPa, i.e. by 18...27 %. In addition to corrosion, hy-

of various configurations drogen embrittlement is observed.
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Therefore, refractory materials of the rods must be removed in a non-aggressive environment in the
shortest possible time. The implementation of these conditions became possible when using salt-ceramic
rods made of sodium chloride with thermal protection [12]. Taking into account the difference between
the melting temperatures of the salt and the casting metal, this function is performed by a protective layer
of nickel deposited on the rod by electrothermal evaporation and vapor condensation in a vacuum.

Fig. 8. Salt-ceramic rods for cast blades: after annealing (a); after applying a protective layer (b)

To obtain a high-quality casting, a large number of initial design and thermophysical options
were investigated [13]. When solving the problem, the finite-difference representation of the Fourier
differential heat conduction equation was used. The connection of the protective layer of the rod with
the metal of the casting occurs by diffusion. Obtaining high-quality castings of turbine blades is con-
firmed by the calculation of temperature fields, as well as by casting a pilot batch of blades.

Composite molds for glass products.

Glass pressing factories produce a large number of products for various fields of activity: electri-
cal engineering, art products, packaging for drinks, household appliances, the chemical industry, per-
fumery, etc. For the manufacture of these products, a large number of molds of various configurations
with a given relief on the surface are required. To this should be added the requirements for the renew-
ability of the product range in a highly competitive environment, when the paradigm works - to make
is not enough — still needs to be implemented. Based on these considerations, the development of the
production of glassware should go in three directions:

— reducing the time from the sketch of a new product to the release of finished products;

— minimal costs for finishing machining, especially for manual labor of highly qualified chasers;

— operational reliability of the equipment.

The first direction is realized by making a model from a low-melting model material according to
a glass standard. This mod is used as a core box to produce a Shaw ceramic core. After heat treatment,
the rod is set in a sand mold and filled with liquid metal.

Thus, the working surface of the future mold is formed by successive negative and positive re-
flections of the relief of the glass standard [14]. The total loss of a profile consists of the loss of a pro-
file during the manufacture of a pro-model, a ceramized rod, a casting, which is 0.25 mm with a per-
missible maximum deviation of 0.3 mm. The roughness of the surface forming the engraving, meas-
ured by the arithmetic mean profile deviation Ra, is in the range of 2.5...5 um. This made it possible to
exclude the minting operation. Only mating surfaces are machined on mold elements.

During the operation of molds made of gray cast iron SCH20 (CY20), fatigue cracks occur during
thermal cycling. This is a consequence of the temperature difference over the cross section of the
mold, changes in the coefficient of thermal expansion (CTE), tendency to growth, oxidation, and sur-
face quality.
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The formation of a grid of heat also depends on the phase and structural transformations of cast
iron, graphitization. The thermal resistance of cast iron is positively influenced by temporary tensile
strength. However, when using cast iron grade SCh35, casting properties deteriorate, the coefficient of
linear expansion increases (from 9.5-10° 1/°C for SCH20 (C420), to 11.0-10° 1/°C for SCH35
(CU35), thermal conductivity decreases (from 54 W/(m-K) for SCH20 (CY20), up to 42 W/(m-K) for
SCH35 (CY35) in accordance with GOST 1412-85).

In order to increase the thermal stability of the tooling, the gray cast iron SCH20 (CY20) was re-
placed by the cast iron with spheroidal graphite VCH 400-15 (B4 400-15) (DSTU 3925-99). This cast
iron has a low thermal conductivity (22...28 W/(m-K)) [15], therefore, the inserts of the molds are
heated to higher temperatures, the polished surface is oxidized faster, and effective cooling of the
molds is required or a decrease in the rate of work with a drop in productivity. Under conditions of
high thermal stresses and high ductility of this cast iron, stress relaxation is possible by deformation
and warping of the tooling.

To eliminate this drawback by increasing the thermal conductivity of cast iron, a method of rein-
forcing a cast iron matrix with steel cylindrical elements (wire) of various diameters, uniformly dis-
tributed in the casting volume and perpendicular to its working surface, has been proposed and imple-
mented [16]. The diffusion bond of steel cylindrical elements is formed due to the gradient of the car-
bon content in steel and cast iron. The low thermal conductivity of VCH (BY), explained by the great-
er disunity of nodular graphite inclusions, is compensated by the high thermal conductivity of low-
carbon steel wire and reaches values of 52 W/(m-K). Tooling durability in the composite version
(Fig. 9) increases by 25...27 % [17].

Fig. 9. Flower vase: standard (a), promodel (b), ceramized rod (c), casting (d)
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Conclusions

Composite casting synthesizes individual elements of a part, which can be manufactured by vari-
ous technologies, from different materials and combined by pouring metal into a mold into a single
whole. The choice of materials depends on the operating conditions. This is especially significant
when the working conditions of the part are so complex and dynamic that it is difficult to select any
existing alloy in this situation. The heterogeneous nature of composite casting makes it possible to
obtain a sum of service properties of a new quality that is inaccessible to individual elements that
make up the composition. The quality of composite casting mainly depends on obtaining a homogene-
ous, predictable and controllable interface between the components, where complex physicochemical
processes develop under non-stationary thermal conditions. The interface in different compositions
can be formed under the influence of mechanical, adhesion, diffusion processes. This paper discusses
some technical and technological solutions in different areas of industry. They are united by the need
to increase the competitiveness of the industry: to improve the accuracy of castings and the operational
reliability of cast parts.
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