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Abstract. Purpose. The purpose of the investigation is to establish the regularities of the kinetics of supercooled
austenite decomposition in the bainite temperature range (400—200 °C) in chromium-manganese cast iron for the
development of thermal hardening regimes that increase the service life of products. Methodology. The object of the
study are samples of research and industrial smelting of chrome-manganese cast iron containing 3,1 % carbon, 13,1 %
chromium, and 15,75 % manganese. The study of the supercooled austenite decomposition kinetics was carried out by
the dilatometric method in the temperature range of 400—200 °C, the study of the microstructure, phase composition, as
well as the measurement of microhardness and hardness was carried out according to standard methods. Scientific
novelty. The peculiarities of the supercooled austenite decomposition kinetics in the bainite temperature range
(400—-200 °C) in chromium-manganese cast iron were determined, the structure of the cast iron after aging consists of
eutectic carbides Me (Cr, Mn, Fe);Cs, products of austenite decomposition, secondary carbides Me (Cr, Mn, Fe);Cs, Me
(Cr, Mn, Fe);C, as well as untransformed austenite in the amount of 70...75 %. The maximum hardness of the
experimental cast iron was established during isothermal exposure at 350 °C for 35 hours. Practical value. The
established regularities of the chromium-manganese cast iron structure formation and the determined and optimized
temperature-time intervals of the supercooled austenite isothermal decomposition in cast iron are the basis for the
development of heat treatment regimes to increase the strength, wear resistance of the material and the service life of its
products.
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AHoraniss. Mema poOOTH — BCTAHOBJICHHS 3aKOHOMIPHOCTEH KIHETHKH PO3IaTy TIepEeOX0I0IKEHOTO ayCTCHITY B
OeitHiTHINM 00macTi Temmeparyp (400—200 °C) y xpoMoMapraHieBOMy YaByHi JJIsI PO3POOTICHHS PEXUMIB TEPMidHOTO
3MII[HEHHSI, 1110 MiIBUILYIOTh TEPMIH CIIy>KOU BHpOOiB. Memoouka. O0'eKTOM AOCIIKEHHS CITY>KHIIU 3pa3Ku JOCIiHO-
IIPOMUCIIOBOI IIJIaBKM XPOMOMAapraHIeBOro 4aByHy i3 BMicToM Byriewio 3,1 %, xpomy 13,1 %, mapranmo 15,75 %.
JlocipKeHHsT KIHETHKH Po3Majly IIepeoX0I0/KEHOI0 ayCTEHITy MPOBOAWIN JAWIATOMETPUYHUM METOJIOM B iHTEpBai
temrepatyp 400—200 °C, nocmijpkeHHsT MIKPOCTPYKTYpH, (a30BOro CKJIaay, a TaKOX BUMIPIOBaHHS MIKPOTBEPIOCTI i
TBEPAOCTI BUKOHYBAJIM 32 CTAaHIApPTHUMH MeToaukamu. Haykoea noeusna. BusHaueHo 0coONMMBOCTI KIHETHKH pO3NaLy
NIEPEOXO0JIO/PKEHOT0 ayCcTeHITy B OelHiTHIH obOmacti Temmepatyp (400—-200 °C) y XpoMoMapraHieBoMy 4YaByHI,
CTPYKTypa YaBYHY IIiCIIsl BUTPUMKH CKIQJA€ThCs 3 eBTEKTHUIHHMX KapOimiB Me (Cr, Mn, Fe);Cs, npoaykTiB po3mamy
aycTeHity, BTopuHHHX Kap6imiB Me (Cr, Mn, Fe);Cs;, Me (Cr, Mn, Fe);C, a Takox HemepeTBOPEHOTO ayCTEHITy B
kimpkocTi 70...75 %. YCTaHOBIIEHO MAaKCHMyM TBEpIOCTi OCTIZHOTO YaByHY 3a 130TE€pMIYHOI BHTPHMKH 3a
temrieparypu 350 °C  mporsrom 35 rommH. [Ilpakmuuna 3nauumicms. YCTaHOBJICHI 3aKOHOMiPHOCTI
CTPYKTYPOYTBOPEHHS XPOMOMAPTaHIIEBOIO YaBYHY Ta BH3HAU€HI W ONTHMI30BaHI TeMIIepaTypHO-9acoBi iHTepBaIN
130TEpPMIYHOTO PO3Maay MEPEOX0JIOHKEHOTO aAYCTEHITY B YaBYHI € MIJICTaBOIO I PO3pPOOJICHHS PEKUMIB TepMidHOL
00poOKM JUIst i ABUILEHHS MIITHOCTI, 3HOCOCTIHKOCT] MaTepiany Ta TepMiHy CIy>KOM BUPOOIB i3 HHOTO.

KuouoBi ciioBa: xpomomapeanyesuii yagyn; Oeinim,; izomepmiuna GUMpUMKA,; Mikpomeepoicms, meepoicmo

Introduction [3—6]. It is known that the properties of cast

Currently, the problem of improving the
materials quality and the wear resistance of
parts operating in friction conditions, while
simultaneously reducing the costs of their
production, is an important and one of the most
urgent tasks of modern materials science.
Materials characterized by a high content of
chromium, manganese and deficient alloying
elements - molybdenum, nickel and vanadium
are widely used for parts that work in shock-
abrasive and abrasive wear conditions,
increased friction and in aggressive corrosive
environments [1; 2]. Modern studies show that
chromium-manganese cast irons can be
prospective alloys for work in such conditions

iron products operating under conditions of
intensive abrasive and shock-abrasive wear, as
well as friction, can be significantly improved
due to heat treatment [7—9]. In order to develop
modes of thermal strengthening increasing
products service life, a detailed study of the
patterns of structure formation and the kinetics
of the disintegration of supercooled austenite in
chromium-manganese cast irons is necessary.

Research material and methodology

The object of investigation are samples of
research and industrial smelting of chromium-
manganese cast iron. The chemical composition
of investigated cast iron is given in Table 1.

Table 1
Chemical composition of the chromium-manganese cast iron
Alloying elements, Yomass
C Cr Ni \Y Mn Si Cu S P Fe
3.1 13.1 1.15 0.25 15.75 0.9 0.15 0.003 0.025 65.57

The supercooled austenite decomposition
kinetics was studied by the dilatometric method
in the temperature range of 400—200 °C.
Thermal analysis was carried out on a
DIL80OSA/D dilatometer, using cylindrical
5 mm diameter and 10 mm length samples.
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Cast iron was austenized at a temperature of
950 °C for 1 hour, then isothermal soaking at
temperatures of 400 °C, 350 °C, 300 °C,
250 °C, 200 °C for 35—40 hours was carried
out.
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The microstructure of the samples was
detected in a 10 % Nital. The microstructure
was studied using a Nikon Eclipse MA-200
light  microscope.  Microhardness  was
determined on the FM-700 microhardness tester
under a load of 5 kgf for 5s, and hardness was
determined on the FV-700 hardness tester
under a load of 5 kgf for 10s according to the
standard method, the phase composition was
studied by X-Ray on the diffractometer DRON-
3M in FeK-a radiation.

Results

In the cast state, the cast iron structure
consists of austenite primary dendrites and
carbide eutectic «M7C3 — austenite» (Fig. 1).
Both longitudinal and transverse sections of
eutectic colonies are observed. Austenite does
not decompose during air cooling to room
temperature due to the high content of
manganese (15.75 %).

Fig. 1. Structure of researched cast iron in the cast state
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Fig. 2. Dilatometric curves of the investigated cast iron

at the isothermal soaking in temperature range
of 400—200 °C

The investigated cast iron was subjected to
dilatometric tests in the temperature range of
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400—200 °C. Dilatometric curves are presented
in Figure 2.

In the process of isothermal soaking
(Fig. 2) at 400 °C, bends in the dilatometric
curves indicate the presence of austenite —
ferrite phase transformation. The
transformation begins after 15.5 hours, the
fraction of retained austenite, according to
X-ray structural analysis, is ~ 71 %.

On the dilatograms obtained during
isothermal exposures at 300 °C and 200 °C, a
similar course of the curves is preserved, only
with a slight shift of the beginning of the
transformation at 300 °C to the region of high
stability of supercooled austenite.

After isothermal soaking at 300 °C and
200 °C, the untransformed austenite fraction in
the structure is 75 % and 70 %,
correspondingly. The dilatometric  curve
corresponding to soaking at the temperature of
350 °C indicates a minimal change in samples
length. After isothermal soaking at a
temperature of 350 °C, the untransformed
austenite fraction in the structure is 70 %.

The microstructure of the investigated cast
iron after isothermal soaking the temperature
range of 400—300 °C is shown in Fig. 3.

After the isothermal soaking at 400 °C the
supercooled  austenite  decomposition in
structure of researched cast iron is observed.

Probably, the first bainite aggregates
appear at the dendrites boundaries and grow
deep within them, the accumulation of

secondary carbides on the boundaries [10; 11]
also indicate the beginning of the formation of
aggregates

bainite in austenite

dendrites.

primary
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Fig. 3. Microstructure of the investigated cast iron after
isothermal soaking in the temperature range
400—-300 °C, x200: a—T =400 °C, Tt = 40 hrs;
b—-—T=350°C, t=35hrs; c—T=300°C1t=40 hrs

After isothermal soaking at 300 °C, the
minimum stability of austenite in the bainite
range of temperatures is observed. Austenite
decomposition begins after 13 hours of
exposure and finishes after 21 hours. The
supercooled austenite decomposition occurs
with the formation of bainite aggregates
growing deep into the dendrites centers. The
fraction of disintegrated austenite is 25 %.

After soaking at 200 °C, the supercooled
austenite ~ decomposition  begins  within
17.5 hours and finishes within 24 hours. The
amount of residual austenite in the structure is
70 %. By the X-Ray it is determined that the
cast iron structure after soaking in the bainite
range of temperatures consists of eutectic
carbides Me (Cr, Mn, Fe);C;, austenite
decomposition products, secondary carbides
Me (Cr, Mn, Fe);C3, Me (Cr, Mn, Fe );C, as
well as untransformed austenite in the amount
of 70...75 %.

The austenite decomposition products,
structural components, eutectic carbides
microhardness measurement results and the
hardness of the investigated chromium-
manganese cast iron after isothermal soaking
are presented in Table 2.

Table 2

Microhardness of structural components
and hardness of the investigated chromium-
manganese cast iron after isothermal soaking
in bainite temperature range

Microhardness, HV
Treatment Austenite- | Hardness,
Matrix carbide HRC
eutectic
Cast state 465 636 47,5
950 °C_1lhour_
400 °C_ 40 hours 401 4721 41,5
950 °C_1 hour _
350 °C 35 hours 402,6 588,7 45
950 °C_1 hour _
300 °C 40 hours 421 468,8 44
950 °C_1 hour _
250 °C 35 hours 418,5 503,3 423
950 °C_1 hour _
200 °C 40 hours 375,8 601,7 43
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At the table 2 the direct relationship
between the data of metallographic and X-Ray
structural analysis and the change in hardness
after heat treatment of cast iron is shown. The
maximum hardness (close to the hardness in the
cast state) is observed after isothermal soaking
of cast iron at T = 350 °C, t = 35 hours
(45 HRC), corresponding to the region of

maximum supercooled austenite stability
(Fig. 2).
Conclusions

1. The regularities of the supercooled
austenite decay kinetics in the bainite range of
temperatures (400—200 °C) in chromium-
manganese cast iron containing 3.1 % C,
13.1 % Cr, 15.75 % Mn have been established.
A bend in the dilatometric curve corresponding
to the austenite — ferrite transformation was
revealed; under conditions of isothermal
exposure at 400 °C, the austenite — ferrite
transformation begins after 15.5 hours. Under
the conditions of decreasing the isothermal
soaking temperature to 300...200 °C, the course
of the curves is preserved, there is a slight shift
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in the beginning of the transformation to the  of 70...75 %; the first bainite aggregates appear
region of high stability of supercooled on the dendrites boundaries and grow deep
austenite. within them, the accumulation of secondary
2. The structure of cast iron after aging at  carbides on the boundaries also indicate the
400 °C, 350 °C, 300 °C, 250 °C, 200 °C for  beginning of the formation of bainite
35-40 hours consists of eutectic carbides  aggregates in primary austenite dendrites.
Me (Cr, Mn, Fe);Cs, austenite decomposition 3. The maximum hardness (45 HRC) of the
products, secondary carbides  experimental cast iron is established during
Me (Cr, Mn, Fe);Cs, Me (Cr, Mn, Fe);C, as  isothermal exposure at 350 °C for 35 hours.
well as untransformed austenite in the amount
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