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Thin structure changes in martensitic state of 60C2A steel have been studied using
acoustic spectroscopy, optical microscopy and X-ray one. The hydraulic pressing followed
by aging and quenching of the specimens has been found to influence considerably the
level and temperature localization of the internal friction as well as the relaxation stability
parameters, coercive force, and microhardness. This fact is associated with carbon deposi-
tion from the solid solution and distortion of tetragonal character thereof.

MeromaMu aKyCTHUYECKON CIEKTPOCKOINU, ONTHYECKOM M PEHTIEeHOBCKON MUKPOCKOIIUK
HCCJIeJOBAHBI TOHKHE CTPYKTYPHBbIE M3MEHEHUsA MApPTEHCUTHOTO COCTOSHHUS TepMooOpaboTaH-
Hoii cramu G60C2A. VYcTaHOBJIEHO, UTO THUAPOIPECCOBAHME C IOCHENVIOIIMM CTApeHHeM U
3aKaJIKOM 00pasIloB CYII[eCTBEHHO BJIMSIET HA YPOBEHb M TEMIEPATYPHYIO JIOKAJIU3AIUI0 BHYT-
PEHHEro TPeHUd, a TaKsKe Ha IMapaMeTPhl PeaKCAIMOHHON CTOMKOCTH, KOIPIUTUBHYIO CHUIY
¥ MHUKDPOTBEDPIOCTb, UTO CBA3LIBAETCA C BBIJEJEHHEM YIJepofa W3 TBEPAOr0 DacTBopa u

CHUXXEeHHNEeM TeTparoHaJbHOCTHU €ro pPeIleTKH.

The aim of this work is to study the
martensite and its decomposition kinetics in
60C2A steel subjected previously to hydrau -
lic pressing. The specimens pressed out
through a matrix with the cone angle 38°
and 14 mm in diameter at the deformation
degree of 30 %. The deformed specimens
were tempered at 350°C for 2 h (deforma-
tional aging). The heat treatment was car-
ried out in salt baths to protect the speci-
men surface against oxidation and decar-
bonization. The heating rate for martensite
quenching was 250°C/min. The experimen-
tal procedures are described in more details
elsewhere [1].

The specimen structure changes were ex -
amined by optical microscopy and transmis -
sion electronic one (TEM) and X-ray phase
analysis (XPA) using a DRON-2 unit in iron
emission at the scanning step 0.05°C and
0.01°C for (211) and (220) lines, respec-
tively. Moreover, the coercive force was
measured using a KF-1 instrument as well
as the Vickers hardness and the impact
strength that were determined by standard
physical procedures. The martensite decom -
position kinetics was studied on quenched
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specimens using the internal friction (IF)
method in vacuum under heating from 200
to 600°C at the 10 Hz frequency. The re-
laxation assays of the specimens in the low-
tempered martensite state were carried out
by determining the torque decrease at a
constant strain under 1500 MPa stress. The
relaxation duration was 30 min, the stress
was measured every 5 min.

The complex examination has shown that
the previous hydraulic pressing, deforma -
tional aging, and martensite quenching
cause an increase of the specimen micro-
hardness by 22 HV units and that of the
impact strength, by 0.1 MJ/m2 as compared
to the initial non-deformed state. The grain
size determination in the specimens
quenched and low-temperature tempered
using various regimes has shown only slight
distinctions, the average grain size was
about 29 pm. The foil examination provided
data on the martensite thin structure. In
the hydraulically pressed steel martensite, a
number of specific features has been found,
such as the martensite plate diminution, the
structure fragmentation, and increased
broadening of the diffraction lines.
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Fig. 1. Temperature dependences of IF for
quenched 60C2A steel at heating in the range
of 0 to 400°C. The initial state: non-deformed
specimen (1), deformed at € = 30 %, defor-
mational aging at 350°C (2).

The experiments have shown that differ-
ent technological treatments result in con-
siderable changes in the specimen acoustic
properties. The temperature dependences of
IF for 60C2A steel specimens treated to
martensite (see Fig. 1) demonstrate the dif -
ferent maxima positions. The first treat-
ment regime (without previous hydraulic
pressing) gives the maximum at 320°C
(Fig. 1, curve 1). The hydraulic pressing
and deformational aging prior to quenching
result in a considerable decrease of the peak
low-temperature branch and shift the peak
as a whole towards high temperatures
(curve 2). Basing on [2, 3], this fact could
be related to carbon segregation out of the
solid solution and distortion of its lattice
tetragonality. The IF level position is asso-
ciated with the residual stress relaxation
[4]. After the quenching, the coercive force
H,_ of pressed and aged specimens is higher
than that of the non-deformed ones (Table).

The XPA data and the martensite decom -
position kinetic study by IF method evi-
dence a lower carbon content in the de-
formed metal martensite. Perhaps the H,
increase must be related to increased den-

Table

Treatment HV H, B (211),
mode 102 A/m rad

Quenching 625 18 8.5

Hydraulic 647 28 29

pressing,

aging, and

quenching
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Fig. 2. Effect of hydraulic pressing and de-
formational aging on relaxation resistance of
the steel in martensitic state. The initial
state: non-deformed specimen (1), deformed
and deformational-aged (2).

sity of crystal structure defects after the
treatment that agrees with the increased
microhardness and X-ray line broadening
observed in experiments. Moreover, the low-
temperature branch of the resonance curve
shows a small inflection about 270°C that,
according to [5], can be related to €-carbide
formation. Taking into account the lesser
tetragonality extent of the martensite ob-
tained in specimens deformed under high
pressure, this carbide can be supposed to be
formed already during the quenching due to
spontaneous tempering. This testifies the
acceleration (as compared to the "ordinary”
martensite) of two-phase decomposition oc-
curring at moderate temperatures and caus -
ing the e-carbide release. In contrast, the
single-phase decomposition occurring at
higher temperatures becomes decelerated,
that is, the martensite depleted of carbon
becomes more resistant against tempering.
Fig. 2 presents the study results of re-
laxation resistance of the specimens. Con-
sideration of these curves shows that the
60C2A steel in martensitic state has an in-
sufficient relaxation resistance: at the
stresses of 1500 MPa the stress drop AT is
90 to 95 MPa during 30 min (Fig. 2,
curve 1). The preliminary hydraulic press-
ing results in increased relaxation resis-
tance (by 16 to 17 MPa for this regime).
Basing on the results presented, the speci-
men treatment using deformation under
high pressure followed by aging and quench-
ing can be concluded to provide an improved
defect inheritance during the a-y-a transfor-
mation. This process results in a frag-
mented martensite with a developed sub-
structure and lowered carbon content as
compared to the non-pressed state. This fact
can be explained by accelerated two-phase
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decomposition. In contrast, the second
stage, the single-phase decomposition, is de-
celerated, thus resulting in the martensite
conservation up to higher temperatures.
This, in turn, favors the decomposition re-
sistance under alternating loads, thus im-
proving considerably the working capacity
of elastic elements.
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HocaimskeHHS MapTEeHCUTY TigpomnpecoBaHOl crTaJi
60C2A mMeTomoM BHYTPIIIHBOTO TEPTHA

M.I''Anexcandpos, O.M.Ilemuenrko, M.1.Poxmanoé

MeTogaMu akycTUUYHOI CIeKTPOCKOMii, onmTuuYHOI i peHTreHiBCchbKOiI MiKpockomii mocirimske-
HO TOHKi CTPYKTYPHi 3MiHM MapTEeHCUTHOrO cTaHy TepmooOpobienoi crami 60C2A. Beranos-
JIeHO, IO TiApompecyBaHHS 3 HACTYIHMM CTapiHHSAM Ta 3arapTOBYBaHHAM 3pas3KiB CYTTEBO
BIINBAE Ha PiBeHBb 1 TeMmepaTypHY JOKaJisallilo BHYTPIIIIHBOTO TEPTHA, a TAaKOK Ha IapaMeT-
pu penakcamiiinoi crTifiKocTi, KOepI[iTHBHY CHJY Ta MiKPOTBEPHiCTb, II[0 MOB’A3YETHCA 3
BUAIJIEHHAM BYIJIEIIO i3 TBEPZOTO PO3UMHY Ta SHUKEHHAM TeTParoHaJbLHOCTiI I1Or0 TrpaTKH.
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