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SMELTING AND RESEARCH OF PHYSICAL
AND MECHANICAL PROPERTIES OF INVAR Fe-Ni-Co WHICH
USING IN CRITICAL PARTS OF TURBINE SITES

Currently, the materials created from multi-function alloys with special mechanical
properties are being used widely for the development of a new generation of mechanisms
and technology. One such material is Invar alloys with minimal thermal expansion and an in-
creased level of mechanical properties, specifically strength and hardness. The strengthening
of iron-nickel alloys without losses Invar their properties is an important and urgent task of
physicists and materials science, since the application these alloys in contemporary designs,
working in conditions of growing static and dynamic loads, it requires constant improvement
of the mechanical properties.

Keywords: multifunctional alloys, Invar, corrosion resistance, a phase turn, micro-
hardness.

TYPBOAT PETATTAPBIH, XXAYAITTHI BOJIIKTEPTHIE
KOJJIAHBIJIATBIH Fe-Ni-Co MHBAPBIH BAJIKBITBIT AJTY
KOHE ®U3NKA-MEXAHUKAJBIK KACUETTEPIH 3EPTTEY
Kazipri yakeITTa MEXaHWKAJBIK KACHETTepi JKOFaphl apHAiBl KON(YHKIIMOHAIIHI
KOpHITTIANIAP/IAH JKACAIFAH MaTepraap xKaHa OyblH MeXanH3M/Iepi MEH TEXHOIOTHSITAPHIH
JIaMBITY YIOiH KeHiHeH nainanansuians. Ocsmaai Marepranaapasiy Oipi peTinjie HBITyITBIK
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KeHeHTiNyl Holre KAKBIH KoHe OGepiKTiri MeH KaTTBUIBFH CHSIKTH MEXaHHKAIBIK KACHETTEPi
JKOFAPEl HHBAPIIBl KOPHITHANAPAE anyra Gonazsl. TeMip-HARENbi KOPHTIAIAPIBI ONaPIBIH
AHBAPIBIK KACHETTEPIH KOFAITNAi OepikTenaipy $H3MKTEp MEH MaTepHANTAHYIIBUIAPIBIH
MAaHBI3IB Opi 03eKTi Macenesepinin Gipi Gonsim oTeIp, cebedi 6yI1 KopHTHAIAPIE CTATAKAIBIK
WOHe JWHAMAKAIGIE JKYKTEMENep apTaThlH JKAFgaiaa KyMBIC JKACAHTHH 3aMaHAyH
KOHCTPYKIHSUIAPA2 MEXaHHKAIBIK KACHETTEPiHIH KOFaphl OCITyBIH Tanan eryue.

Tyiiin cesgep: kondYHKUMOHANAB KOPHITIAIAD, AHBAP, KOPPO3HATA TYPAKTHUIHIK,
(asaibIK aiiHAIIBIM, MHKPOKATTHIJIBIK.

BBITUTABKA U HCCIEJOBAHUE ®U3HKO-MEXAHHYECKHX CBOWCTB
HHBAFPA Fe-Ni-Co HCITOJIB3YEMOI'QO B OTBETCTBEHHbBIX
Y3INTAX TYPBOATPETATOB

B Hacrosmee BpeMsl MarepHANBl, CO3JAHABIE W3 MHOTO(QYHKIACHANBHBIX CIUIABOB
¢ 0COOBIMA MEXaHHYECKHMH CBOHCTBAMH INHPORO HACIIONB3YIOTCHA IS paspaboTKH HOBOTO
TIOKOJIEHAS MEXAHAIMOB H TEXHONOTHHA. OIHIM A3 TAKAX MATEPHAJIOB SBRIAIOTCH HHBApHEBIE
CIUIaBBl ¢ MHHHMAJIbHEIM TEIUIOBHIM PACITHPEHAEM H IIOBHIIIEHHBIM YPOBHEM MEXAHAYECKHX
CBOMCTE, B YACTHOCTH TAKMX KAK MPOTHOCTE H TBEPAOCTE. YIMPOTHEHHE KEICI0HARSNEBEIX
cI1aBoB 6e3 NoTeps HX HHBAPHBIX CBOMCTB ABJSIETCS BAXKHON H aKTyaNbHO 3amadeii Gu3AroB
H MaTE€PHAIIOBEOB, MOCKONBKY TIPAMEHEHHE ITHX CIUIABOB B COBPEMEHHBIX KOHCTPYKIHIX,
paboTalOMHX B YCIOBHAX PACTYIIMX CTATHISCKAX WIH AHHAMAYECKHX HArpy30K, Tpedyer no-
CTOAHHOTO MOBHIINCHAA MEXAHAICCKAX CBOHCTB.

KiawueBsie cyioBa: MEOTO(YAKIHOHANEHEIE CIUIABEL, AHBAP, KOPPO3HOHHAAT CTOHKOCTB,

(a3oBHii 000POT, MUKPOTBEPAOCTE.

Requirements to final products will be toughened for improvement of quality
and performance characteristics with development of science and technique, because
this process will promote the further development of production. In particular, mix-
tures of metallic melts, the laws of variation of properties, which control structure
formation and mechanical properties, are recognized as the major tasks in the study of
the modern industry and are one of the most critical tasks. Therefore it is important to
know the phase information structure and influence of different additions on propetrties
to achieve the necessary mechanical properties in alloys. However, the issues of struc-
ture formation and functions of phase exchange in multi-component alloys still remain
unclear despite large-scale manufacturing of iron-base alloys and numerous works on
study of iron-base alloys in the metallurgical industry.

The special consideration of the modern materials science is given to the devel-
opment of precision alloys due to the necessity of development of new materials, pos-
sessing the high level of technological and functional properties [1].

There has existed the problem of production of large-size, geometrically-com-
plex products made of Fe-Ni-based Invar alloys and exhibiting the low values of the
thermal coefficient of linear expansion (TCLE, o 20-100 < 3-10-6 K') in the precision
engineering over the last few decades [2].
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It was offered to make the parts of science-based equipment by casting for the
solution of this scientific and production problem, rather than by the classic methods
of the metal treatment under pressure [3].

The additional alloying of Invar alloys with cartbon was offered, because the
classical Fe-Ni-based Invar systems have poor casting properties, which are illustrated
by the defects of casting (shrink holes, pores, cracks) in final products [4].

The iron-nickel Invar alloy of the classic Fe-Ni-Co composition finds the wide
industrial and technical application due to the near-zero coefficient of the thermal lin-
ear expansion. The great interest of scientists in this alloy is related to the fact that, in
addition to the anomalous thermal expansion, the Invar-class alloys also have anoma-
lies of many other physical properties [5].

The strengthening of the iron-nickel alloys without loss of their Invar properties
is an important and relevant task for physicians and materials scientist, because the
use of these alloys in the modemn constructions, working under increasing static or
dynamic loads, requires the constant strengthening. The solution of this problem will
make it possible not only to broaden the field of application of Invar alloys, but also to
gain a better understanding of the nature of the effect itself [6].

Doping with iron nickel leads to a significant increase in the alloy lattice param-
eter, however, in contrast to the doping of by other d - by transition metals, it does not
change the type of deformation texture alloys, which in turn allows to obtain upon an-
nealing acute cube texture in the entire region of the face-centered cubic lattice Fe-Ni
alloys.

The distinctive anomalies, related to the Invar effect, are present in alloys of
the Fe — Ni system in the region of concentration from 32 to 50% of Ni. Invar (al-
loy with 36% of Ni) has the minimal thermal coefficient of linear expansion. The
anomaly of properties, related to the Invar effect, has industrial application for produc-
tion of tailored alloys. Alloying of Invar with small additions, except for cobalt, leads
to strengthening. The alloys of the Invar composition have the strong dependence of
properties, specifically of the thermal expansion, on a structural state. Therefore the
value can be controlled with plastic deformation and heat treatment [7)].

The orientation correlation during a—y - transformation as well as the general
form alteration, the habit plane of « - phase, the features of dislocation formation and
inheritance, the conditions for formation of many y - orientations with formation of a
nickel-enriched nanocrystal austenite have been determined in works [8-11] in the met
stable austenitic alloys of the Invar type (Fe-30-32%Ni). The statistical analysis of
mutual disorientation of the austenite crystals after the cycle of y —a—y - transforma-
tions with formation of many austenitic and martensitic orientations was catried out.

Data for study was melted in an induction furnace Agatronic G, by mixing the
components in a of carbon crucible with a protective atmosphere of argon. Thermal
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treatment of the samples was performed in tubular furnaces type SUOL-4, using
the quartz tube where it was created a vacuum with a residual pressure of less than
10°MPa. Studies of the microstructure changes was performed on a scanning electron
microscope JSM-6390LV secondary electron mode at an accelerating voltage of 25 k'V.
Analysis of the phase state of the samples was performed on diffractometer DRON-3
using cobalt radiation. The study was performed on samples microhardness PMT-3,
using a diamond pyramid with an angle of 136°at the top. In wear characteristics were
tested for tribomashine MicronTribo where used as an indenter ball diameter of 3 mm
WC alloy. Tests on the corrosion resistance evaluation Fe-Ni-Co alloy electrochemical
behavior was conducted on galvanostats potentsiosta-P-150 with automatic regulation
of the capacity of the test electrode.

Fe-Ni-Co alloy was produced by us by the component mixing and melting in
laboratory setting. The Fe-Ni-Co alloy melting was performed in Agatronic Ginduc-
tion furnace (Figure 1, a) at 1197°C (Figure 1, b) with the argon shielding atmosphere.
This furnace is equipped with a vacuum jacket for heat loss reduction, the vacuum is
formed with the help of a fore vacuum pump, thus, the residual pressure in the vacuum
jacket does not exceed 10°MPa.

a) The induction furnace; b) The melting temperature; ¢) The casting
Figure 1 — The melting process of the alloy

After the casting the analysis of the chemical composition was performed with
SRV-1 (CPB-1) x-ray fluorescent spectrometer using the secondary silver and mo-
lybdenum target for the improved excitation of secondary electrons. There are the
following elements in the composition of the alloy: Ni, Fe, Co, Cr, N, Ti and Nb. The
manganese peak is present due to its content in the hardware material.
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a) after the annealing; b) after the quenching;
¢) 3D-image of the sample surface; d) The graph of wear
Figure 2 ~The microhardness testing and the wearing test

At the later stage, we conducted the microhardness testing of the produced alloy
(Figure 2). Produced Fe-Ni-Co alloy has the high microhardness equal to H_=6433
MPa. We carried out one-hour annealing and the water quenching at 500, 600, 800
and 1000°C to determine the optimum performance characteristics. As Figure 2, a
shows, the highest microhardness value is achieved after annealing at 800°C during
one hour H_(800°C)=7434 MPa. This value increased by 15% than that of the initial
sample. After the water quenching at 800°C for 10 minutes, the microhardness of the
alloy reached H_=6509 MPa, and it can be compared with the microhardness of the
initial sample. The microhardness of the alloy is getting reduced at other temperatures
(Figure 2, a, b).

In addition, we also conducted the wearing test of the Fe-Ni-Co alloy with Mi-
cronTribo tribometer using a WC-alloy indenter. The speed of rotation of the indenter
was run up to 700, but there did not form any “track” from the intender (Figure 2 c, d).
It illustrates the high tribological characteristic of the produced alloy.

Fe-Ni-Co alloy in the initial state consists of Fe Ni-phase with a face-centered

Toxcatsma 6ip per UILFaPEUIAILL 58 HTvtevecmolyy aiimaKmolx xabapusicol




B.M. MURATBEKOV, A.E. TUSSUPZHANOV,
N. KANTAIL O.B. SEILKHANOV, G.S. BEKTASOVA. 2 (70) 2016. P. 54-63 ISSN 1683-1667

cubic lattice and a-Fe with a body-centered cubic lattice. Figure 3 g, b, ¢, d shows that
several pikes increased, and some pike decreased in comparison with the initial state of
the alloy presumably due to the dissolution of one alloy in the other and to the decrease
of the volume ratio of the other phase.
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a) The initial state of Fe-Ni-Co alloy; b) Fe-Ni-Co alloy after quenching 500°C (10 minutes);
¢) Fe-Ni-Co alloy after quenching 800°C (10 minutes); d) Fe-Ni-Co alloy after quenching
1000°C (10 minutes); e) Fe-Ni-Co alloy after annealing at 500°C (1 hour); f) Fe-Ni-Co alloy
after annealing at 800°C (1 hour); g) Fe-Ni-Co alloy annealing at 1000°C (1 hour).

Figure 3 — The diffraction pattern of X-ray diffraction analysis

Figure 3 e, f, g shows the diffraction patterns of X-ray diffraction analysis of the
Fe-Ni-Co alloy samples, which were annealed at 500°C, 800°C and 1000°C for an
hour. These diffraction patterns illustrate that the lines of FeNi from the face-centered
cubic lattice began to dissolve in a-Fe and decreased in the percentage composition
when heated. This implies that we can view the influence of temperature and time of
annealing on the composition and properties of the alloy.

The samples of Fe-Ni-Co alloy were examined with a scanning electron mi-
croscope to specify the chemical composition and to determine the micro structural
peculiarities. The samples were prepared in accordance with the standard procedure.
The etching was performed chemically in the solution of aqua regia (HNO, (65-68 %
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