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DIE STEEL WITH REGULATED
AUSTENITIC TRANSFORMATION
FOR HOT DEFORMATION

OF COPPER-NICKEL ALLOY

Introduction. At the operating temperature (above 650 °C), even the most heat-resistant steels (GOST 5950—
2000) significantly weaken, which is the main reason for rapid failure of tools. The additional introduction of
nickel alloying element into the chemical composition of ferrite-based steel makes it possible to reduce the critical
points A1 and A3. Due to this, a new class of steels that belong to the ferrite state, at room temperature, and shift
to the austenitic region at operating temperature has been developed.

Problem Statement. [The use of die steel for hot deformation (DSHD) is limited to a certain temperature
range above which it gets weaker therefore to increase the service life of such steels requires their additional
alloying and the use of energy-intensive processes of their heat treatment. In alloyed structural steels of ferrite
state, at a high temperature, there is reported the coagulation of carbide phases, with the heat resistance decreasing
in the course of tempering.

Purpose. The purpose of this research is to increase the service life of the die tool (dies) made of alloy structural
steel for hot pressing of copper-nickel alloy at operating temperature of 850—950 °C.

Materials and Methods. Metallographic studies of steel, X-ray phase analysis, dilatometric analysis.

Results. In the case of hot deformation of the copper-nickel alloy MNZh 5-1, the service life of the dies made
of RATE 4Kh3N5M3F steel increases in comparison with 3Kh3M3F steel.

Conclusions. The die steels with the initial ferrite state to be used in the austenitic state are determined by
the temperature position of o — y — transformation. The tool warmup during the operation ensures such
a transformation during the next long operation in the austenitic state. That is, within the entire period of high-
temperature operation of the tool, the austenitic structure of the steel is preserved. This method differs from the
conventional approach to heat-resistant alloy die steels for which, on the contrary, an increase in the phase
transformation temperature is one of the main conditions for enhancing the durability of tools for hot deformation.
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While producing 4Kh3N5M3F steel, to obtain
the required chemical composition, usually manu-
facturers introduce Fe — Ni — Mo —V — Mn [1]
system ligature made at the Frantsevich Institute
of Problems of Materials Science of the NAS of
Ukraine into the scrap of 3Kh3M3F base steel.
The ligature is obtained in an induction furnace,
with the liquid metal poured into a mold (Fig. 1, a).
The temperature of the metal in the furnace be-
fore release is 1550 °C. The duration of refining
does not exceed 20 min. The ingots are obtained
by electroslag remelting in the mold (Fig. 1, b, ¢)
and undergo incomplete annealing at a tempera-
ture of 750 = 20 °C. The steel chemical composi-
tion corresponds to 4Kh3N5M3F grade (% wt.):
0.40—0.44 C; 2.80—3.00 Cr; 4.70—5.50 Ni; 2.44—
2.60 Mo; 1.34—1.36 V; 0.34—0.35 Si; 0.25—0.28
Mn; 0.004—0.005 S; and 0.003—0.004 P. The steel
is sampled according to GOST 7565—81. The steel
chemical composition is determined by spectral
analysis [2, 3]. The carbon content in the steel
is measured with the use of analyzers AN 7560M
and AN 7529M.

It should be noted that the manufacture of mat-
rices does not involve energy-intensive technolo-
gical processes (forging and annealing), unlike in
the case of technology presented in [4]. The main
achievement of studies [5—7] is having made the
annealing (partial recrystallization) of steel, which
involves the heat treatment technology that is
more optimal and less energy-intensive as com-
pared with that suggested in [4]. In the studies, it

has been shown that for pre-eutectoid alloy steel
4Kh3N5MS3EF, in the case of partial recrystalli-
zation, there is formed a spheroidizing carbide
component of pearlitic-sorbide structure, which
contributes to the improvement of machining
workpieces for the manufacture of matrices. The
steel hardness after heat treatment is deter-
mined by the Rockwell method on TC-2 device
(GOST 9013-73) and amounts to 32HRC. The
steel microstructure is studied with the use of an
optical microscope MIM-10. There have been stu-
died steel sections after etching with a 5% solu-
tion of nitric acid in ethyl alcohol with the addi-
tion of picric acid, according to the method de-
scribed in [8]. The X-ray phase analysis is made
with the use of a DRON-3 diffractometer in Co-
Ko radiation. To establish the critical points A,
and A, of steel, dilatometric analysis has been ma-
de by method [9].

PJSC Artemivsk Plant for Machining of Non-
ferrous Metals (Bakhmut, Ukraine) has been using
matrices made of 3Kh3M3F steel (GOST 5950-
2000) for punching tools. This steel is used for
the manufacture of matrices for hot deformation
on eccentric presses and horizontal forging ma-
chines. As a rule, small tools made of this steel are
subjected to intensive cooling in the course of
operation. It is also used to make injection molds
for copper alloys. For the long-term processes of
hot pressing (at an operating temperature of 850—
950 °C) of ingots made of MNZh5-1 copper-nic-
kel alloy and production of pipes, dies of steels

a

C

Fig. 1. 4Kh3N5M3® Steel: collapsible chill mold for obtaining ingots of Fe — Ni — Mo — V — Mn ligatures (a) system; mold
for obtaining four ingots by electroslag remelting (b); ingot (weight 15 kg) (¢)
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components depending on the temperature of hardened
steel 4Kh3N5SM3F [10]
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Fig. 3. Dependence of the hardness of cast blanks made of

4Kh3N5SM3F die steel obtained by electroslag remelting,
hardened at 1030 + 10 °C on tempering temperature

with regulated austenitic transformation during
exploitation (RATE steels) 4Kh3N5SMS3F steel
are used. The deformation of MNZh 5-1 alloy at a
heating temperature above 700 °C (critical point
A)) and below 850 °C (critical point A,) is not
desirable, as in this temperature range, there is
the recrystallization process, as it has been shown
in the course of studying the relationship bet-
ween the phase structural state (o — Fe and y —
Fe) of 4Kh3N5M3F steel and the Vickers hard-
ness (GPa) [10, 11].

The dependence of the share of austenite on
the heating temperature within the temperature
range from 20 to 800 °C is nonlinear and close to
exponential one (Fig. 2) [10]. As the temperatu-
re increases, the share of austenitic component
grows. This has allowed us to confirm that during
the operation of the press tool at a temperature
above 850 °C, the austenitic structure is preser-
ved. As a result of the analysis it has been found
that as the temperature increases, the amount of

ISSN 2409-9066. Sci. innov. 2022. 18 (3)

ferrite phase decreases, while that of austenite
goes up. At a temperature of 800 °C, the share of
austenite is 97%. The high-temperature X-ray
phase analysis has confirmed the correctness of
determining the critical points A, = 700 °C and
A, = 850 °C for 4H3NSMSF steel, which were
previously determined by dilatometric analysis [5,
6, and 10]. Studies [11, 12] have shown that the
tempering temperature of steel (1030 = 10 °C) gi-
ven the tempering at a temperature of 580 + 5 °C
(air cooling) is sufficient, as the heat resistance of
steel is 44HRC (Fig. 3). Above 620 °C, the steel
gets weaker as its hardness is below 40HRC (at a
room temperature), Fig. 3.

Thus, thanks to the optimized heat treatment
conditions, the cast steel may be used for the

b
Fig. 4. Die made of cast blanks of 4Kh3N5M3F die steel, af-
ter hot deformation of copper-nickel alloy MNZh 5-1 (PJSC
Artemivsk Plant for Machining of Nonferrous Metals, Bakh-
mut, Ukraine), dimensions: @ — diameter; b — thickness
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manufacture of punching tools for hot pressing of
nonferrous metals and alloys.

At PJSC Artemivsk Plant for Machining of Non-
ferrous Metals (Bakhmut, Ukraine) there have
been tested dies (Fig. 4, a, b) of cast 4Kh3N5M3F
steel for the manufacture of pipes with a diameter
of @ 67 £ 0.1 mm, made of MNZh 5-1copper-nic-
kel alloy at a deformation temperature of 850—
950 °C. An ingot with a diameter of 220 mm, a
length of 370 mm, and a weight of 120 kg is used
as a blank. In order to ensure the operation within
the temperature range 850—950 °C, with the tool
working in the austenitic region, it is necessary
to preheat the die to 350 °C, and while operating,
its working part heats up above 850 °C. Totally,
7 dies have been used. Up to 20-ton copper alloy
has been pressed on each of them. The compara-
tive analysis of the dies for hot deformation of
MNZh 5-1 copper-nickel alloy in the manufactu-
re of pipes has shown that the use of cast 4Kh3N-
5M3F steel increases three times the service life
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IOTAMITIOBA CTAJIb 3 PETYJIIOBAHHAM
AYCTEHITHOTO IIEPETBOPEHHS IJIAA TAPAYOIO
JEDOOPMYBAHHA MIJTHO-HIKEJIEBOTO CILJTABY

Beryn. Ilpu ekcruryaramniiianx temmepatypax (moran 650 °C) Hasite Haitbinem Temrocrtiiiki crami (FTOCT 5950-2000) in-
TEHCUBHO 3HEMITIHIOIOTHCS, 1110 € OCHOBHOIO TTPUYMHOTO MBUIKOTO BUXOJLY IHCTPYMEHTY 3 Jiajy. [lofiaTKoBe BBEICHHS JIeTYIO-
HOrO eJIeMeHTa HiKesllo B XiMiuHMi cK/aj craji Ha (pepuTHill OCHOBI /1a10 MOXK/IMBICTh 3HU3UTH KPUTUYHI TOUKM A 1 A..
3aBsiku yomy, 6yJI0 po3pobJIeHO HOBUI KJIac CTajiell, siki 32 KIMHATHOI TeMIIepaTypu HajlesKauu 10 GepUTHOro CTaHy, a 3a
EKCILTyaTalliiiHol — MepeTBOPIOBAINCH B ayCTEHITHY 00J1aCTb.

IIpo6GaemaTuka. Bukopucranns mrammnosoi craui ais rapsyoro gedopmysanns (IIICT/T) oOMmexere eBHUM TeMIIepa-
TYPHUM IHTEPBAJIOM, BUIIIE SIKOTO BiIOYBA€ThCS iXHE 3HEMIIIHEHHS 1 TSI IIIBUIIEHHST PECYPCY eKCILIyaTallii SKuX HeoOXi/-
HUM € JI0aTKOBE JIEryBaHHs Ta BUKOPUCTAHHS €HEPrOEMHUX IIPOIIECIB IX TepMIUHOT 0OPOOKH. Y JIErOBaHUX KOHCTPYKIIHHUX
cTajisx PepUTHOrO CTaHy IIPH BUCOKKMX TeMIIEpaTypax Bi0yBa€ThCs KoaryJistilist KapOiiHux (a3 i 3HUKYETCS TEIIOCTili-
KICTb B TIPOLIEC] BIJIITYCKY.

Merta. [lizBuienus pecypcy eKcrryarailii ITaMIoBOro iHCTpyMeHTy (MaTpUIlh) 3 JIErOBAHOI KOHCTPYKITIHHOT CTai 11t
rapsiyoro npecyBaHHs MiJHO-HIKeJIeBOro ciiaBy 3a pobounx Temmeparyp 850—950 °C.

Marepiamm it Metoau. Metanorpadiuni gocripkens crami, X-npoMeneBuii hazoBUil aHAII3, TUIATOMETPUYHUI aHATI3.

Pesyabratu. [Ipu rapsuomy aedopmyBatti MigHo-Hikesesoro crutay MHIK 5-1 GyJio migBuineHo pecype eKcruryaraiiii
MAaTPHIID 31 CTAJ 3 peryIboBaHNM aycTeHiTHUM mepetBopentsaM 4X3H5M3 D nopisusino 3i ctammo 3X3M3D.

BucuoBku. Illtamiiosi crasi 3 BUxifHow (hepUTHOI OCHOBOIO JIJIsi POOOTU B ayCTEHITHOMY CTaHi BUSHAYAIOTHCS T10JIO-
JKEHHSIM TEMIIEPATyp o — Y-TlepeTBopeHHs. Po3irpiB iHCTPyMEHTY B TIpOIeci eKciryarailii HoBUHEH 3a0e3eYnTH MPOoX0-
JPKEHHST TAKOTO TIePETBOPEHHS JJIst OJAJBINOT TPUBAJIOL POGOTI CTasli B ayCTEHITHOMY CTaHi, TOGTO MIPOTITOM BChOTO MEePiojy
BUCOKOTEMIIEPATYPHOI eKCILTyaTallii iIHCTPyMeHTY 30epiracThCst ayCTeHITHA CTPYKTyPa CTasli. Y 1IbOMY HOJISITa€ BIAMIHHICTD
Bi/l TPAANIIIHOTO T/IXOAY 0 JIETOBAaHUX TETMJIOCTIHKIX IITAMITOBUX CTajell s SIKNX, HAaBIIAKH, MiBAIICHHS TeMIepaTyp
(hazoBuX 11EPETBOPEHD € OJIHUM 3 OCHOBHMX YMOB IiJIBUIIEHHS CTIIKOCTI IHCTPYMEHTY /171 rapsiaoro iehOpMyBaHHSI.

Knwouoegi crosa: cranb, MiiHO-HiKeJEBUI CIIaB, ayCTEHITHE MEPETBOPEHHS, XIMIYHUIN CKJIal, TepMivHa 00poOKa, TemMIepa-
Typa, MeXaHiYHi BJACTUBOCTI, CTPYKTYPa, MTAMIIOBUI iHCTPYMEHT.
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