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The course of multiphase transformations is possible with a diffusional change in the carbon
concentration in alloys of the Fe-Me-C system. This becomes possible under the condition that
there is a three-phase region bounded by the conode triangle on the isothermal section of the
ternary state diagram. For example, carburization of ferritic iron alloys with carbide-forming o-
stabilizers (W, Mo, Cr, V, Ti) causes a three-phase reaction a—y+carbide [1-2]. As a result, a
eutectoid structure is formed. It consists of austenite, or a product of its transformation, and a
special carbide. These structures are not formed when the temperature changes, but when the
carbon concentration changes. This distinguishes them from the classical eutectoid. It was
established that the indicated reaction proceeds in the reverse direction by the peritectoid
mechanism during decarburization [3]. Crystallization with the formation of austenite and carbide
is possible during isothermal decarburization of a high-carbon melt of the Fe-C-carbide-forming
element system. It is similar to the eutectic transformation. Crystallization by the eutectic
mechanism was previously observed during the decarburization of the melt of the Fe-Mo-C
system [4].

Keywords: diffusion changes, a-stabilizer, extrapolation of the lines, decarburization of the Fe-
Mo-C melt system.

The goal of the work is to study the mechanisms of phase and structural transformations during the
decarburization of the Fe-W-C melt.

The composition of the original alloy was determined based on the isothermal section of the Fe-W-C
state diagram at the decarburization temperature (~1200 °C). As a result of the analysis, a synthetic
experimental alloy with a carbon concentration close to eutectic - 12% W, 3.8%C, the last Fe was smelted on
the basis of armco-iron in a resistance furnace in an inert atmosphere. Then the resulting ingot was cut into
samples of the required sizes. The parameters of the samples (5x5x5 mm) were chosen in such a way that
when processing the results, they could be imagined as a body of finite dimensions. Decarburization was
carried out in a wet hydrogen environment in two stages. At the first stage, a refractory shell was created on
the surface of the samples by decarburizing for 1 hour at a temperature below the eutectic melting point (1050
°C). At the second stage, the decarburization temperature was increased to 1190 °C. The core of the sample
went into a single-phase liquid state at this temperature, and the decarburization process intensified. The
samples were quenched in water from the decarburization temperature after finishing treatment. The directions
of diffusion flows were studied by the method of geometric thermodynamics.

The structure of the alloy in its initial state is presented in Figure 1 a. Two types of eutectics are observed
in it. The first type is austenite-carbide eutectic. It is based on cubic carbide M¢C, called "fish skeleton", which
is typical for high-carbon alloys of the Fe-W-C system. The second type of eutectic is ledeburite. It partly
consists of a coarse conglomerate of phases. In this work, special attention was paid to the processes occurring
at the second stage of decarburization.

The experimental alloy is in a single-phase liquid (1) state (point 1 on the state diagram, Fig. 2) at the
initial moment of the second stage of processing (temperature 1190 °C). The composition of the melt reaches
point 2 on the ac line in the decarburization process. A two-phase equilibrium of liquid with austenite is
observed in this case. Further carbon depletion contributes to the initiation of crystallization with the formation

of austenite. The concentration of tungsten in austenite at the interface with the liquid X g/l is lower than in
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the original liquid according to the slope of the cone 2-3. The composition of austenite at the boundary with
the liquid phase is determined by item 3 according to the Fe-W-C state diagram. The difference in borderline
concentrations of tungsten depends on the slope of cone 2-3. Thus, a tungsten concentration gradient occurs
during austenite crystallization. This is accompanied by its redistribution between solid and liquid phases. The
concentration of tungsten in the liquid phase constantly increases as the diffusion layer grows.
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Figure 1 — Microstructure of the experimental alloy of the Fe-W-C system: a — initial state, b, ¢ —
crystallization front, d — crystallized structure after decarburization; a, b, d — x500, ¢ — x200

The rate of advance of the crystallization front is determined by carbon diffusion in the solid phase.
Diffusion in the liquid and convection mixing removes tungsten from the crystallization front at a rate several
orders of magnitude higher than in the solid state. For this reason, a quasi-stationary process does not occur
when the concentration of tungsten in the solid phase is equal to its concentration in the original melt. Given

the small size of the samples, the concentration of tungsten in the austenite and liquid increases, respectively,
with the lines ac and bd in the diagram (Fig. 2).
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Figure 2 — Scheme of the isothermal section of the Fe-W-C state diagram at a temperature of 1190 °C

It should be noted that the phases are separated by a relatively flat interphase surface at the initial stage
of crystallization (Fig. 1 b). The flat crystallization front becomes unstable with increasing tungsten
concentration at the crystallization front. Protrusions appear at the front (Fig. 1 ¢), which are then transformed
into dendrites. The stability of the flat front can be estimated using as a basis the method proposed by Mullins
and Sekerka [5]. A tangential flow of tungsten appears in the liquid when a sinusoidal disturbance with
infinitesimally small amplitude is applied to the crystallization front. As a result, an increase in the amplitude
of the disturbance becomes possible.

Simultaneous crystallization of austenite and M¢C carbide becomes thermodynamically possible when
the liquid composition reaches point a on the state diagram (Fig. 2) in the decarburization process. This is
accompanied by redistribution of components between phases. Extrapolation of the lines that separate the

liquid and two-phase /+y and [+MsC regions on the diagram to the amount of liquid carbon depletion OX é
determines the difference in tungsten concentrations in the liquid at the interphase boundaries with austenite
and MeC carbide (X ;,,/ 7"MsCy The specified concentration gradient ensures redistribution of tungsten between

austenite and carbide, which grow cooperatively. The mechanism of joint growth is similar to classical eutectic
crystallization, which occurs during cooling. The structure after co-crystallization of austenite and carbide is
shown in Figure 1 d. As can be seen, the morphology of eutectic y+M¢C crystallized in isothermal conditions
during decarburization is similar to the structure obtained during crystallization of cooling of the Fe-W-C
system melt. It is a eutectic of the "fish skeleton" type. The difference in the differentiation of structural
components is explained by the different speed of advance of the /—y+MC cooperative transformation front.

Conclusions. It was established that the melt of the Fe-W-C system crystallizes in the process of
isothermal decarburization. This is accompanied by redistribution of tungsten between solid and liquid phases.
It is shown that the composition of the liquid ahead the crystallization front changes continuously during the
diffusional change of the composition in samples of finite dimensions according to the isothermal section of
the state diagram. The nonvariant /—y+MsC transformation becomes possible when the melt concentration of
the "liquid" top of the /+y+M¢C conode triangle is reached. It is similar to eutectic, which occurs during
cooling. The morphology of the two-phase structure y+MsC obtained as a result of decarburization is similar
to the eutectic crystallized upon cooling.
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K.O. Yepnouranenko, O.B. MoBuan

FeW - C xyiiecinin 1exap0oHN3alUAsICBIHIAFBI IBTEKTHKAJBIK TYPJIEHYTiH
epeKmeiKTepi

Ken dazansl Typaenaipynepain xkypyi Fe-Me-C skyleciHiH KOpbITagapblHAAFbl KOMipTeri
KOHLIGHTPAIMACBIHBIH ~ TUDQY3UIIBIK ~ o3repyiMeH  MyMKiH — Oomajiel, Oyin  ywmTik — Kyi
AMarpaMMachlHbIH M30TEPMUSUIBIK YYacKeciHle KOHOJ YIIOYpBIIIBIMEH ILIEKTeNreH Yl (a3aibl
alimak OosnraH skarmaiizia MyMKiH Gonajibl. Mbicaiibl, peppuT TeMip KopbITnaiapsid Kapoun tysetin
a-typakTanasiprbirapmer (W, Mo, Cr, V, Ti) keMipTekTeHaipy o—y+KapOUATIH yiI (a3anbl
peakuusachlH Tynabipanbl [1-2]. HoTwkeciHae 3BTEKTOMATHI KYpbUIBIM maiaa oOomaael. On
ayCTEHUTTEH HeMece OHbl TYpPJCHAIpY OHIMIHEH >KOHe apHaiibl KapOuareH Typansl. byn
KYpBUIBIMAAp TeMIepaTypa e3repreH Ke3ae emec, KOMIpTeri KOHLIEHTPALMACHI ©3repreH Kesue
naiina Gomazapl. By onmapasl KiaccHKasbIK SBTEKTOMATAPAH epeKIIeneHaipeni. ATanraH peakuus
JekapOOHM3AaLIMA Ke3iH/1e IEPUTEKTONITHIK MEXaHH3M OOibIHIIA Kepi OaFbITTa )KYPETiHI aHBIKTAIIbI
[3]. Aycrenut nen Kap6un ty3y yuiin kpucrangany FE-C-KapOun Ty3yun sneMeHT skyleciHiH
JKOFapbl KOMIPTEKTI OallKbIMAChIH M30TEPMHUSIIBIK JieKapOOHU3alUsIay Ke3iHJe MYMKIH Oomajpl.
By 3BTeKTHKAIIBIK TYpIeHAIpyre yKcac. DBTEKTHKAIBIK MEXaHN3M OOMBIHIIA KpUCTaaHy OypbIH
Fe-Mo-C xyiieciHiH GaJIKbIMaChIH JiekapOoHH3alvsay Ke3iHe GaiikanraH [4].

Tyitin co30ep: nUQGQY3UATBIK ©3repicTep, O-TYPaKTaHABIPFBILI, CBHI3BIKTAPIbl AKCTPAIONSALMsIAY,
Fe-Mo-C xyiieciHiH 6aJIKbIMAChIH JieKapOOHH3AIHSTIAY .

K.O. Yeprouranenko, O.B. Mouan

Oco0eHHOCTH IBTEKTHYECKOI'0 NIPeBpaleHus npu JAekapoonuzanun cucreMbl FeW-C

[Iporekanne MmHoroa3HbIX TMpeBpalleHUd BO3MOXKHO mpu  aAuddy3noOHHOM HW3MEHEHUHU
KOHLEHTpaLUU yriepoaa B cruiaBax cucreMbl Fe-Me-C. 3To cTaHOBUTCS BO3MOKHBIM MPU YCIOBUU,
YTO HA U30TEPMHUYECKOM y4YacTKe IMarpaMMbl TPOMHOTO COCTOSIHUSI MMeeTcsl TpexdasHas o01acTb,
OrpaHUYCHHAs TPEYroJIbHUKOM KoHona. Hampumep, HayriiepokuBaHue CILIaBOB (DEpPUTHOTO
Keneza kapOunooOpasyromumu o-cradbunuzaropamu (W, Mo, Cr, V, Ti) BbI3biBaeT TpexdasHyo
peakiuio a—y+kapoun [1-2]. B pesynbrate obpa3yercs sBTeKkTOUHAs CTpyKTypa. OHA COCTOUT U3
ayCTEeHUTAa WK NPOJIyKTa ero MpeBpallieHus U CreluaibHOro kapouaa. ITH CTPYKTYpbl 00pa3yroTcs
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HE MpU U3MEHEHUU TeMIepaTyphl, a P U3MEHEHU U KOHLIEHTPALMH yriiepoAa. JTo OTJnYaeT UX oT
KJIaCCUYECKOW HIBTEKTOMOHOH. YCTaHOBJIEHO, YTO YyKa3zaHHas peakuus NpoTekaer B 0OpaTHOM
HanpaBJICHUH TI0 TIEPUTEKTONTHOMY MeXaHU3My Tipu obe3yriepokuanuu [3]. Kpucramnmzamus ¢
o0pazoBaHHWeM ayCTeHHWTa W KapOuga BO3MOXKHA NPHU HM30TEPMUUYECKOM 00€3yriepoXKUBaHUN
BBICOKOYTJIEPOIUCTOrO paciuiaBa cuctembl Fe-C-kapOumoobpasyroumii sJeMeHT. 3T0 aHaorMyHO
SBTEKTHUECKOMY MpeBpaileHuto. Kpucrammzanuss 1o 5SBTEKTHUECKOMY MEXaHU3MY paHee
HaOJmo/1aN1ach Mpy 00e3yriiepoKUBaHUK paciiiaBa cucteMbl Fe-Mo-C [4].

Kniouegvie cnosa: nudQy3sHoHHble W3MEHEHUs, 0-CTaOMUIM3aTOP, OKCTPAINONALUS JIMHUH,
obe3yriepokuBaHus pacruiaBa cuctembl Fe-Mo-C.
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