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Using the method of the synchronous thermal analysis of the processes that occur in
Fe—Si— Mg alloying composition at heating to 900 °C was studied. The changes of the phase
composition of the alloy in the temperature range was established, that allowed to explain the
mechanism of dissolution in the liquid iron.

Performance and stability of alloying is largely defined by the mechanism
of dissolution of solid alloying composition (AC) in liquid iron. Phase
composition of AC is one of the most important factors that affect the process
of its dissolution. It defines the transition kinetics of alloying elements in
iron, which determines the effectiveness of alloying on the crystallization and
structure formation of castings.

Introduction of AC into liquid iron takes place with heat absorption.
To reduce overheating of cast iron, which is partly spent for overheating and
melting AC, the main phases of its composition should have a relatively low
melting point. For magnesium AC it is necessary to decrease the initial
temperature of iron to reduce magnesium loss and improve its assimilation by
iron.

Magnesium based alloy with iron and silicon FeSiMg is often used.
The easiest method to obtain FeSiMg alloy is dissolving magnesium in a
liquid ferrosilicium. Silicon forms a strong compounds with alloying metals,
which reduces the intensity of its reaction with molten cast iron, improves
assimilation of magnesium. Due to the complexity of working with alloys
that contain magnesium, triple phase diagram FeSiMg for system is absent so
the phase composition of Fe — Si — Mg AC is experimentally determined. It is
believed that the interaction with liquid cast iron magnesium from AC starts
to evaporate that intensifies of mixing process. However, the explosive behavior
of magnesium at heating is not investigated due to complexity of the
experiments. In addition, at the actual conditions AC dissolution in iron is
affected not only by the temperature,but also by chemically active environment
of liquid iron. In this context, purpose is to study processes occurring in
Fe — Si — Mg AC when heated at temperatures ranging from 20 to 820 °C.

The article was published in Ukrainian at Metal Science and Treatment of Metals No 4, 2014.
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The study was performed using FeSiMg7 AC (% by weight): 7.1 Mg,
0.7 Ca, 50.2 Si, Fe — the rest. According to the phase diagram Mg — Si [1],
magnesium is in the form of magnesium silicide Mg,Si and MgSi. Silicide
Mg,Si melts congruently at 1078 °C. According to reaction at 805 °C, the
formation of MgSi compounds takes place. Modern literature [2] deny the
occurrence of reaction with a MgSi compound.

Taking into account the explosive behavior of magnesium when heated
in the air in this work mode was selected following heat treatment FeSiMg7
alloy: heating to 500 °C, holding 1 hour and cooling the furnace to room
temperature.

Research on phase change of alloy composition of the sample was
performed by microanalyzer REMMA-102. Using thermal analysis [3] the
processes that occur during heating FeSiMg7 AC is studied. The study was
performed by the instrument STA 449F1A-0026M NETZSCH (Germany).
The sample was heated in argon at 20 °C /min. The device allows one sample
to simultaneously conduct thermogravimetry (TG) and Differential Scanning
Calorimetry (DSC).

Microstructure of sample before and after heat treatment is shown in
Fig. 1 and 2, respectively. Original sample has a microstructure with large
crystals of FeSi, and silicon in a ratio of 1:1 (Fig. 1). Silicon contains based
phase a small amount of magnesium (about 1 %). The basic amount of magnesium
is presented in Mg,Si AC in a small black inclusions that are relatively evenly
spaced. There is also a small amount of iron silicide FeSi.

During heating to 500 °C followed by 1 hour holding high temperature
diffusion of alloying components takes place, leading to the change of the
microstructure (Fig. 2). Thus,in the diffusion the large crystals break down
and lose their contours. Original dark refractory silicon crystals with small

Fig. 1.Microstructure of original alloying Fig. 2. FeSiMg7 AC microstructure after heat
composition FeSiMg7. 1 —FeSi,, 2—-Si, 3-FeSi, treatment (holding for 1 hour at 500 °C) with phase
4 —Mg,Si. composition: 1 —FeSi,, 2—MgSi, 3 - FeSi, 4 —Mg,Si.
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magnesium content is partially converted into silicide with variable magnesium
content. Quantity of Mg,Si phase is not changed.

The phases containing iron, are transformed, i.e. the number of FeSi
phases and original gray crystals FeSi, are converted to areas of mixed FeSi,
and FeSi phases.

The results of the study of phase transitions (by DSC) and weight
loss of the alloy sample (by TG), depending on heating time are shown in
Fig. 3.
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Fig. 3. Phase transformations (by DSC) and mass change (by TG) of the AC sample of FeSiMg7
when heated to 900 °C under an argon atmosphere.

An ACsample weighing of 25.4 g was heated in argon to a temperature
of 817.1°. Above this temperature it starts to be partialy melted,which occurred
with the absorption of heat observed on the curve as a DSC endothermic
peak. Low melted MgSi phase when heated to 854.7 °C is melted, after that it
begins to evaporate magnesium. Quantity of magnesium, which evaporates,
according to TG analysis is of 1.19 %. The sample was heated to 895 °C, after
which it was cooled, followed by crystallization, which is accompanied by heat
in an amount of 40.2 J /g (Fig. 3).

Fe — Si — Mg AC interacts with active high-temperature environment
of molten iron, resulting in both high speed and undergoing complex physical,
chemical and heat and mass transfer processes. Superposition of these processes
complicates the study of AC behavior. Using simultaneous thermal analysis
allows to investigate the processes occurring in AC before and during the
achieve its melting point.

As a result of this work the processes occurring in AC are investigated.
It is shown that the MgSi is the first phase that starts melting, resulting in
the formation of pores in the sample, which accelerate melting FeSiMg7.
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Observation of microstructure of FeSiMg7 AC shows unstable MgSi
phase.

It is shown that pre-heating the AC to 500 — 600 °C can increase the
number of low melting phases and also offers the possibilities of reducing the
overheating temperature of liquid iron and increase the degree of magnesium
assimilation.
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Jocai>keHHs: mpouecis, Mo Bi0YBaIOTbCSI NPU HArpiBaHHi
depocunikomaruieroi Jgirarypu D@CMr7

Pe3zome

3 BUKOPHUCTaHHAM METO/Ly CHHXPOHHOTO TePMiYHOTO aHaJIi3y JIO0CJIi/PKEHO TIPOIIecH, sKi
Bin6GyBaloThes B pepocuitikomarHiesiii giratypi npu narpiBauui g0 900 °C. BcranoBieno
3MiHy (ha30BOTO CKJAIY JiraTypu B JIOCJTiIZKyBaHOMY iHTEpBaJi TeMIeparyp, 10 A03BOJIUIIO0
IIOACHUTHU MeXaHi3M PO3YMHEHHS JIraTypy B PiAKOMY YaBYHi.

B. B. CymenkoBa, A. A. lllepenxuii

HccaenoBanue mpoieccoB, NMPOTEKAIONINX IPU Harpese
’)Kejie30KkpeMHUIMaraueBoii uratypsl @CMr7

Pe3zome

C ncnosb30BaHNeM METO/Ia CHHXPOHHOTO TEPMIUYECKOT0 aHAIM3a UCCJIeZ0BAHbI ITPOIIECCHI,
ITPOUCXOJATINE B JKeJIe30KPEeMHUIMarHneBoil smrarype npu Harpese 70 900 °C. Y craHoBJieHO
usMeHeHue (a30BOro COCTABA JIUTATYPHI B MCCJIEAYEMOM UHTEPBAJIE TEMIIEPATYP, YTO OOBSICHILIO
MeXaHU3M PACTBOPEHUS JIUTATyPbI B KUIKOM YYTYHE.
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