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Phase composition of 30 CrMnSi tempered steel

Influence of heat treatment on the phase-structural condition of 30 CrMnSi steel was investigated. It was
found that the main morphological component of the steel is the a-phase which consists of a mixture of lath
(0.7) and plate tempered martensite (0.3). One half of the lath martensite is grained substructure. There is no
grain substructure in the plate martensite. Residual austenite in the lath and plate low-temperature
martensiteis located on boundaries of martensite crystals in the form of long thin interlayers. The volume ra-
tio of residual austenite equals to~3 %. The biggest part of the y-phase is located in the plate martensite, and
the smallest part is located in the grained substructure lath component of the martensite. The average scalar
dislocations density in the material equals to p = 7-10'" cm™, at that, the biggest part of dislocations is located
in the form of dislocation charges (excess dislocations density p + = 6.3-10'" cm™). The carbide phase is rep-
resented by M6C-type primary carbides. Carbide particles have a spherical shape, the average particle diame-
ter equals to 0.5 um, the volume ratio is ~1%. Cementite and secondary special carbides are not found. Car-
bons may be found in the a-solid solution (0.005wt.-%); the y-solid solution is the second place of carbons
localization (0.015wt.-%); in particles of carbide phases (0.14wt.-%). Apparently, almost half of the carbon is
accumulated on defects of the crystalline lattice.
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Introduction

As it is known, a wide range of y—a martensite transformation products is found in the process of heat
treatment in steels which differ from each other in terms of their morphology and crystal geometry, internal
structure, generation temperature and kinetics [1-3]. Morphology and crystallography of sub-blocks in the
lath martensite of low-carbon steel where lath martensite consists of packets, blocks, sub-blocks and laths
were studied in the work [4]. In accordance with [5, 6] content of residual austenite and carbon redistribution
in martensite steels depend on the cooling speed during heat treatment, and peculiarities of carbon redistribu-
tion in steel may be associated with a quasi-chemical «reaction». Nevertheless, in our opinion, an apparently
insufficient attention is paid to the issue of carbon redistribution in the structure of medium-carbon steels and
their phase composition during heat treatment.

With this regard the purpose of this work consists in classification of morphological features of the
structure, volume ratio of a- and y-phases as well as carbide phases and determination of carbon concentra-
tion in carbides, solid solution of 30 CrMnS:i steel in the result of heat treatment.

Material and Experimental Procedure

The chemical composition of 30 CrMnSi steel in accordance with State Standard 4543—71 is 0.3wt.- % C;
0.8-1.1 wt.-% Cr; 0.8-1.1 wt.- % Mn; 0.8—1.1 wt.- % Si; and the balance is Fe. The chemical composition of
30CrMnSi steel according to the University Otto-von-Guericke, Magdeburg, Germany is 0.31 wt.-% C; 0.93
wt.-% Cr; 0.96 wt.-% Mn; 0.94 wt.-% Si and the balance is Fe. Heat treatment of steel samples was per-
formed as follows: quenching from temperature 1050 °C and the subsequent tempering (400 °C for 6-10
hours) with a cooling rate of 20°C/h.

Detailed description of the research methods is given in the work [7].

Results and Discussion

As shown by the conducted electron microscopic studies the main component in the structure of tem-
pered steel is the a-phase (~96%) which represents a mixture of lath and plate tempered martensite (Fig. 1).
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Figure 1. Electron microscopic images of the fine structure in the tempered 30 CrMnSi steel,
a) lath tempered martensite (L); b) an admixture lath (L) and plate martensite (P)

At that, lath martensite represents 0.7 of the volume of the a-phase, plate — 0.3. There is no grain sub-
structure in plate martensite (Fig. 1). One half of lath martensite is grained substructure (Fig. 2).

Figure 2. Electron microscopic image of the fine structure in the tempered 30 CrMnSi steel

This is because steel quenching causes accumulation of high scalar density of dislocations in it.
The average scalar dislocations density in the material equals to p = 7-10'°cm™, at that, the biggest part
of dislocations is located in the form of dislocation charges (excess dislocations density p. = 6.3-10'cm™).
Rearrangement of the dislocation structure in the course of «steel self-tempering» in the process of quench-
ing causes formation of grained substructure. Let us remind you that the grained substructure is a substruc-
ture which consists of a subboundary net (grains walls) and an internal space containing or not containing
dislocations. Grained substructure of 30 CrMnSi steel shows its further development during deformation.
As shown [7] in the process of hot rolling the surface layer of martensite steel sample is subject to especially
strong deformation and temperature exposure resulting in complete destruction of the martensite structure
formed after heat treatment, and the anisotropic structure (martensite laths and plates) turns into an isotropic
(grain substructure) structure.

The y-phase is the second morphological component of the steel in question, and is present in the mate-
rial in the form of residual austenite formed, as mentioned above, in the result of in complete martensite
transformation during quenching. Study using the electron microscopy has shown that residual austenite is
located in the lath and plate low-temperature martensite on boundaries of martensite crystals in the form
of long thin interlayers (Fig. 3). The volume ratio of residual austenite is ~3 %. Its biggest part (1.5 %) is
located in plate martensite, and the smallest part is found in the grained substructure lath component of mar-
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tensite (~0.5 %). The residual austenite is present in the non-grained substructure lath martensite
in the volume of 1 %.
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a) plates, b) non grain structure lath, ¢) grain structures
Figure 3. The layers of residual austenite (y) along the boundaries of martensite crystals

Crystalline lattices of the residual austenite and the o-matrix are interconnected through
the Kurdjumov-Sacks orientation relation [8, 9]. The Kurdjumov-Sacks relation shows that during the y—>a
transformation, first of all, crystalline lattices of phases tend to turn around less, i.e. the y—a transformation
takes place on the spot, and, secondly, phases tend to arrange themselves in the space in a coordinated fash-
ion, and if coordination does not take place, then this in coordination is eliminated by dislocations. The fea-
sibility of the Kurdjumov-Sacks relation is supported by the selected area diffraction pattern and its indicated
scheme shown in Figure 4. Let us analyze Figure 4 a-d in more details. The residual austenite (y-phase) is
present in the form of thin interlayers (Fig. 4 a) on boundaries of the martensite plate. Presence of the y-
phase is confirmed by the selected are a diffraction pattern obtained from this section (Fig. 4 b), its indicated
scheme (Fig. 4 c¢) and the dark-field image (Fig. 4 d) obtained in the reflex [020],. As seen in the selected
area diffraction pattern and its indicated scheme, the direction [ 100], corresponds to the direction [TIO]Y
(coinciding directions in Figure 4 are marked with an arrow). It is also confirmed by solution of matrix equa-
tions:
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Thus, the solution of matrix equations show: (001), // (001), and [100], //[TIO]Y, which is observed
in the micro-electron diffraction pattern (Fig. 4 b).
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a) bright-field image; b) micro-diffraction pattern; c) its indicated scheme, containing reflexes o.- and y-phase;
interlayers of the y-phase are marked with black arrows in (a) and white arrows in (d)

Figure 4. Electron microscopic images of the fine structure in the tempered 30CrMnSi steel.
Alongside the lamellar — layers of residual austenite (y)

The carbide phase is represented by M¢C-type primary carbides located in the material in random man-
ner (Fig. 5). As seen in Figure 5, carbide particles have a spherical shape, the average particle diameter
equals to 0.5 pm, the volume ratio is ~1%. Cementite and secondary carbides are not found. Cementite is
stable only under low tempering temperature and long tempering. Under the tempering temperature of ~400 °C
and duration of 6-10 hours, the volume ratio of cementite in the volume of martensite crystals is significant-
ly low (<0.5%), and it almost does not exist in intra-phase boundaries (<0.1%).

a,c,d — bright-field images; b — indicated selected area diffraction pattern obtained from the particle in (a); reflexes
belonging to the plane (110),0f (the a-phase) and (120)x (M¢C-type carbide) are present

Figure 5. Microstructure of the tempered 30 CrMnSi steel. Primary MgC-type carbide particles are marked with arrows
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Redistribution of carbon atoms in the studied steel may occurs for the following positions [10]: 1) car-
bons may be found in the a-solid solution which will be naturally oversaturated; 2) y-solid solution is the
second place of carbons localization; 3) in particles of carbide phases, and, finally, 4) in defects of the crys-
talline lattice (inside vacancies, in dislocation cores, in the form of Cottrell atmospheres around dislocations
and on boundaries of cells and subboundaries).

Carbon concentration in the o- and y-solid solutions is determined according to parameters of their
crystalline lattices. The volume ratio of carbon localized in carbide particles is determined based on their
volume ratio and stoichiometry. Concentration of carbon atoms on defects of the crystalline lattice is evalu-
ated only indirectly — on the basis of the difference between the total content of carbon in the allow and
concentration of carbon in carbides and solid solutions.

The presence of carbon atoms in cores of dislocations may be detected experimentally only on the basis
of presence of a vague contrast on dislocation lines. In our opinion, there is no quantitative theory for this
phenomenon so far, but there are qualitative data showing that the contrast of dislocation lines becomes
vague. As for presence of carbon atoms in vacancies and in subboundaries, there is no method of direct de-
tection, apparently, so far. Concentration of carbon on defects was determined in this work using the follow-
ing formula

Cdef: CO - (Coc + Cy + Ccarb)a
where C, is the total content of carbon in steel.

It was established [10] that an intensive departure of carbon atoms from the a-solid solution takes place
during steel tempering, and already within 1 hour during tempering into the a-solid solution the content
of carbon does not exceed 0.005 wt.-% of the volume. It was also shown there that tempering does not
change carbon concentration in the y-crystalline lattice, and equals to the value of 0.5 wt.-% of the weight
after quenching. But as the volume ratio of residual austenite in the tempered steel equals only to 3%, then
concentration of carbon in the residual austenite of the studied steel turns out to be equal to 0.015 wt.-%
of the weight. The volume ratio of the carbide phase in the studied steel equals to ~1%. It means that
~0.14 wt.-% of the carbon weight is accumulated in carbides. Thus, almost half of the carbon may be found
on defects of the crystalline structure.

Conclusions

Analyzing the results obtained in the course of electronic microscopic research of the 30 CrMnSi steel

structure after heat treatment we can draw the following conclusions:

— the main component (~96 %) of the tempered steel structure have become the a-phase which repre-
sents a mixture of lath and plate tempered martensite;

— concentration of carbon atoms in the a-solid solution during tempering does not exceed 0.005 wt.-%
of the weight;

— residual austenite in the lath and plate low-temperature martensiteis located on boundaries of marten-
site crystals in the form of long thin interlayers. The volume ratio of residual austenite equals to~3 %;

- concentration of carbon atoms in the y-phase (residual austenite) of the steel in question turns out
to be equal to 0.015 wt.-%. of the weight;

—the carbide phase is represented by MC-type primary carbides located in the material in random
manner and have a spherical shape, the average particle diameter equals to 0.5 um, the volume ratio
1s~1%;

- ~0.14 wt.-% of the carbon volume is located in carbides;

— almost half of the carbon may be found on defects of the crystalline structure.
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Bocarbuiran 30 XI'CA 004aTThIH (pa3ajbIK KypamMbl

Tepmusnsik enneynin 30 XI'CA GomaTTslH (ha3anblK-KYpPUIBIMIBIK XKaFJalibIHa THTI3ETiH ocepi 3epTTeNreH.
BonarThiH Herisri MOpGOIOrHsIbIK Kypambl a-ha3a exeni ansikTaiaran. On makerTi (0,7) sxoHe GocaThuFaH
mnactuHaNeIK  MapTeHeuT (0,3) Kocmamapel TypiHme Keszmecemi. IlakeTTi MapTEHCHTTIH >KapTHICHI
¢dparmenTrenren. IlnacTHHANBIK MapTeHCUTTEe (parMeHTalysi KYObUIBICH OalikanMaiapl. ITakeTTi jxoHe
IUTACTHHAIIBIK MAPTEHCUTTE KaJIBIK ayCTEHUT MAapTEHCHT KPUCTAIIAPBIHBIH IIeKapaJapblHIa Y3bIH XKiHILIKe
KabaTmia TypiHAe opHamackaH. Kanmblk aycTeHWTTIH KeieMaik yieci ~3 % KypaWmbl. y-(a3aHbIH HeTi3Ti
Oeuiri IUIACTHHAJBIK MapTEHCUTTEe, a3 Oeiiri (parMeHTTENreH MakKeTTi MapTeHCHTTE OpHAalacKaH.
MaTepuaniars! TUCIOKALMSHBIH CKAAPIBIK THIFBI3IBIFGIHBIH opTaira Mori p = 7-10'° cm™? Ten. Mynnars!
JMCIIOKAIUSAHBIH 0achIM O6JIiri IMCIOKALMSUIBIK 3apsATap TYPiHIE OpHANACKaH (JMCIOKALUAHBIH KaJIbIK
THIFBIBIBEEL p £ = 6.3-10'" cM?). KapOuarik asa M6C TunTi amramikel KapOHATep TYpiHAE Ke3Aecesi.
KapOunrik Gemnmexrep cdepansik MiIIiHre ne KoHe oJapAbIH opTama aquamerpi 0,5 MKM Kypaiasl, KeIeMIiK
yieci ~1%. IlemMeHTHT neH ekiHm peTTi apHalbl Kapouarep keszxecneiini. Kemipreri aromaape! o- KaTThl
epitingicinge (0,005 canm.%) kesnmeceni. y-kartel epitinmici (0,015 canm.%) kemipTeri aToMIapbIHBIH
LIOFBIPJIAHATHIH eKiHmm opHEL. Omap kapounrik ¢asamapra na opramackan (0,14 canm.%). Ockrman
KPUCTAJIIBIK TOPJIAP/IBIH aKayJIapbIHAa KOMIPTEri aTOMIapBIHBIH KapThIChl OPHAIACKAHBIH KOpyre 601aIbl.

Kinm co30ep: TepMHSUIBIK oHJIEY, (a3anblk KypaMm, KapOuAaTik ¢as3a, KeMipTeri aTtomzapsl, OpHaiacy,
CKaJISIPIIBIK THIFBI3/IBIK.

I'.K. Ya3sipxanoBa, M.K. Ckakos, H.A. ITonosa, XX.K. Ya3sipxanosa

®a30Bblii cocTaB oTnymenHoi craau 30 XI'CA

Brio mccenoBano BIMSIHAE TepMHUIECKOI 00paboTKH Ha (azoBo-CcTpyKkTypHOE cocTostHne cramu 30 XI'CA.
VCTaHOBIEHO, YTO OCHOBHOH MOP(OJIOrHYEcKOil COCTaBISIONICH CTalM sBIseTCs o-(asza, KoTopas Mpea-
craBsieT coboit cMmech nakerHoro (0.7) u mractuHgaToro ormymenHoro Mapreacuta (0.3). ITomoBuHa maker-
HOTO MapTeHCHTa (parMeHTHpOBaHA. B mmacTmHYaTOM MapTeHCHTe (parMeHTanmust OTCyTCTByeT. Ocrarod-
HBIN AayCTCHHUT B IIAKETHOM U INIACTHHYATOM HHU3KOTEMIICPATYPHOM MApPTCHCUTE pacliojaracTcs 1o rpanunam map-
TCHCUTHBIX KPUCTAJUIOB B BUAC NIIMHHBIX TOHKUX IIPOCIIOCK. OG’LCMH&H J0JIs1 OCTATOYHOI'O ayCTCHUTA COCTAaBJIsI-
et ~3 %. bonbas yacth y-(a3pl HAXOAUTCS B INIACTUHYATOM MApTEHCUTE, HaMMEHbIIAsi — BO ()parMeHTH-
POBaHHOI MMakeTHOH cocTaBisroniell MapTeHcuTa. CpeqHss CKalspHas IUIOTHOCTh AWUCIOKAUi B MaTepHae
cocrapiser Bemuuuny p = 7-10'" cM, mpuuem Goibluas YacTh QUCIOKAIMH PACIIONOXKEHA B BUIE TUCIOKA-
LIMOHHBIX 3apsa0B (M36BITOUHAS IIIOTHOCTH JUCIOKamuii p + = 6.3-10'" cm®). Kap6umnas ¢asa npencrapie-
Ha MepBUYHBIME KapOunamu Trna M6C. Hactuipl kapOuna obaanaoT chepuueckoid hopMoi, cpeHuii qua-
MeTp uacTul cocrapisier 0.5 MkM, oObemMHas 1011 — ~1%. LleMEeHTHT 1 BTOPHYHbIE CIICIHAIbHBIC KapOUIbI
He OOHapyXeHBI. ATOMBI yIJIepoJia MOTYT OKa3aThCsl B a-TBepioM pactBope (0.005 Bec.%); y-TBepaslil pac-
TBOp — 3TO BTOpPOE MECTO JioKaiu3auuu atomoB yriepoaa (0.015 Bec.%); B wacTuuax kapOumHbIXx ¢a3s
(0.14 Bec.%). Tlo-BuaumoMmy, Ha nedeKTax KpUCTAUIMYECKOW PEIIETKH COCPEIOTOYCHA IOYTH HOJIOBHHA
yriaepoza.

Knioueswie cnosa: Tepmudeckas o0paboTka, Ga3oBblii cocta, kapOugHas (aza, aToMBI yriiepona, AUCIOKa-
IUsI, CKaJsIpHAast INIOTHOCTb.
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