In search of a metastable phase of Fe-Ga alloy

Interest in Fe-Ga alloys arose in the early 2000s
after the discovery of the giant magnetostriction ef-
fect in them. It is now well known that the Fe-Ga
system is characterized by the presence of two
peaks of magnetostriction corresponding to the
content of 19-20 at.% and 27-29 at.% Ga. A mini-
mum is observed between these regions, and at a
gallium content of >30 at.% magnetostriction de-
creases quite sharply. From the point of view of the
practical use of Fe-Ga alloys, the region with a rela-
tively low content of gallium (<30 at.%) is of great-
est interest. Accordingly, the main efforts were
directed to its study, while alloys with a high Ga con-
tent fell out of sight. Nevertheless, there is a need
to study them, since at high concentrations of gal-

lium the precipitation of the metastable Fe;;sGa,
phase is possible. According to theoretical esti-
mates [1], this phase can be observed in Fe-Ga al-
loys with a decrease in the concentration of Ga
down to 25 at.%. Its formation can affect the behav-
ior of the magnetostriction constant (rapid decrease
at a gallium content of >30 at.%). A series of diffrac-
tion experiments were carried out at the IBR-2 reac-
tor at FLNP JINR, the purpose of which was to de-
termine the concentration ranges and conditions
under which Fe;3Gag phases can be observed.

For a long time there was no information
about the crystal structure of the Fe;3Gag intermetal-
lic compound, which was designated as the M-
phase in early works devoted to the study of the

Fig. 1
Temperature ranges for the existence

of phases during heating to 850°C (a)
and subsequent cooling (b).
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TemnepaTypHble MHTepBasbl
cywecTBoBaHuA das B npouecce
HarpeBa go 850°C (a) n nocnepyio-
wero oxnaxaeHus (b).
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B nouckax MeTtactabunbHon dasbl Fe-Ga cnnaea

WNHTepec K Fe-Ga cnnaBam BO3HUK B Hayane
2000-x rr. nocne oTKpbITUA B HUX 3bdeKTa rMraHT-
CKOW MarHMUToCcTpuKymmn. Cenyac XopoLuo U3BECTHO,
yTo ANnA cuctembl Fe-Ga xapakTepHo Hanuume AByx
MUKOBbIX 3HAYEHUIN MarHUTOCTPUKLMN, COOTBET-
cTByowmx cogepkaHnio 19-20 at.% n 27-29 at.%
Ga c rny6oKuM NPoBanom Mexay 3TUMn obnactamm
1 AOBOMNbHO Pe3KMM CrajoM Npu CoAep>KaHnA ran-
nna >30 at.%. C TOUKM 3peHnsa nepcneKkTrBbI Npak-
TMYecKoro ucnonb3oBaHua Fe-Ga cnnaBoB Hawu-
60NbLUNIA MHTEpeC NpeacTaBnAeT 06/1acTb C OTHO-
CUTeNIbHO ManblM cogepxaHuem rannmsa (<30 aT.%),
COOTBETCTBEHHO, OCHOBHblE yCUnusA Obinn Hanpas-
NIeHbl Ha ee n3yyeHune, B TO BPeMA Kak Ccniasbl C
6onbLrM copepaHriem Ga HeCKONbKO Bblnanu 13
nons 3peHua. Tem He MeHee, B X N3yYeHnm eCTb He-
06X04MMOCTb, TakK KaK Npu BbICOKUX KOHLIEHTpa-

LMAX raninsa BO3MOXHO BbleneHne MeTacTabusb-
Hon da3bl Fe;3Gag, KOTOpas cornacHo TeopeTnye-
CKUM oLeHKam [1], moxeT HabnogaTbca B 3TUX Crina-
Bax NPy NOHWXeHNN KOHUeHTpauumn Ga BnNioTb Ao
25 aT1.%. Ee popmmpoBaHme MOXKeT BNUATb Ha NMoBe-
[LeHNe KOHCTaHTbl MarHUTOCTpuKuumM (bbicTpoe
yMeHblUeHne Npu cofgepxaHumy ranama >30 at.%). B
JIHO OUNAU Ha peakTope NBP-2 6bina BbiNnofHeHa
cepus AndPaKLMOHHBIX SIKCNEPUMEHTOB, LIEMbIO KO-
TOpbIX 6bINIO ONpefesneHne Toro, B Kaknx ananaso-
HaxX KOHLeHTpaLuMi 1 Npu Kaknx yCroBuAX B NPWIH-
Lune BO3MOXHO BblaeneHmne dpasbl Fe;sGa,.

CTonT OTMETUTb, YTO JONroe BpemMs He Obl1o
BOOOLLE HUKAKON MHbOPMAUMM O KpUcTanmue-
CKOW CTPYKTYype nHTepmeTannuga Fe;sGag, KoTopbii
B paHHMX paboTax, NOCBALEHHbIX N3yYeHuto ana-
rpammbl coctoaHna Fe-Ga, o6o3Havanca Kak M-

[1] Leineweber A., et al. Intermetallics 131 (2020). DOI: 10.1016/j.intermet.2020.107059

Fe-Ga state diagram. The necessary structural data
were obtained recently in joint studies in coopera-
tion with the group of Prof. Leineweber [1].

Comparative studies of the evolution of the
phase composition of Fe-(31-38)Ga alloys in the as-
cast state were carried out using the HRFD diffrac-
tometer during continuous heating to 850°C and
subsequent cooling. The results obtained for the
temperature ranges of the existence of various
structural phases are shown in Fig. 1. Phase trans-
formations in these metastable alloys proceed in a
similar way and consist of several stages character-
ized by a certain set of features.

It was found that the Fe;3Gag phase is present
in the initial as-cast state of alloys with high gallium
concentrations of 32.9-38.4 at.%, and the region of

its existence is limited to a maximum temperature
of ~570°C. An interesting fact is that a preliminary
decrease in the iron content in Fe;3Ga, is necessary
for the Fe,5Gas = a-FesGas transition to occur. The-
refore, this phase transformation occurs after pre-
liminary precipitation of the iron-rich L12 phase
(Fig. 2). Fe;3Gag is not detected during further cool-
ing. Fe;3Gay is absent in the as-cast state when the
gallium content decreases to 31.1 at.%, but it pre-
Cipitates during heating at ~425°C and is present up
to 570°C, as in other alloys. In contrast to alloys with
a higher Ga concentration, intermetallic Fe,sGa, pre-
cipitates in the Fe-31.1 at.% Ga alloy during cooling
at ~510°C, thus preventing the emergence of an-
other monoclinic phase, a-FesGas. These results are
presented in [2, 3].
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nocneayoLwero oxnaxxgeHusa.

dasa. JInwb HegaBHO B COBMECTHOW paboTe ¢ rpyn-
nov npod. JlanHesebepa yaanocb Nofy4nTb HeOb-
XOAUMble CTPYKTYpPHble faHHble [1].

Ha audpaxktomeTtpe HRFD 6binv npoBeaeHsl
CpaBHUTENbHbIE NCCIefoBaHuA 3Bonoumn dpaso-
BOro cocrasa cnnasos Fe-(31-38)Ga B as cast co-
CTOAHUM NPU HenpepbiBHOM Harpese o 850°C n
nocnegytowem oxnaxgeHuu. lonyyeHHble pesynb-
TaTbl MO TemnepaTypPHbIM MHTepBanam CyLLeCTBOBa-
HUA Pa3fINYHbIX CTPYKTYPHbIX a3 nokasaHbl Ha
puc. 1. U3 H1x cnepyeT, uTo da3oBble NpeBpaLLeHUs
B 3TUX MeTacTabubHbIX CMylaBax NpPOTEKatOT MOXO-
XKVM 06Pa30M U COCTOAT U3 HECKOJIbKUX CTaZInN, Xa-
paKkTepu3yoLMXca onpeaeneHHbIM HAboPOM Npu3-
HaKOB.

BbI1o 06Hapy»KeHo, UTo B CnlaBax ¢ 6onbLn-
MU KOHUeHTpaumamm rannma 32.9-38.4 at.% ¢dasa
Fe;3sGag MmeeTcAa B MCXOOHOM as cast COCTOAHUMN 1
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ob6nacTb ee CylecTBOBaHNA OrPaHNYNBAETCA MaK-
cMManbHom Temnepatypown ~570°C. UIHTepeceH TOT
baKT, uYTo AnA Toro, YTo6bl NPOKN3OLLEN Nepexon
Fei3Gag = a-FesGas, Heobxoanmo npenBapuTesb-
HOe yMeHblUeHne cofepxaHua xenesa B FesGa,.
MIMmeHHO no 3Tol npuimnHe 310 Ppa3oBoe npespalle-
HMe NPOVCXOAUT NOC/e NpeaBaPUTENBHOrO Bblge-
neHus 6oratoi xenezom ¢asbl L12 (puc. 2). MNpu ox-
naxgaeHun cnnaeoB ¢ 32.9-38.4 at.%Ga daza Fe;3Gag
He obpa3yeTcs. [pu ymeHbLIeHUM CogepKaHuA ran-
nva o 31.1 at. % B as cast coctoaHumn FesGag OTCy T-
CTBYET, HO BbleNnAeTcA B Npouecce Harpesa npu
~425°C n cywecTByeT, Kak U B APYrMx crniaBax,
BM10Tb A0 570°C. B oTnnume ot cnnaBoB ¢ bonbluen
KOHUeHTpauunen B cnnase Fe-31.1Ga nHtepmetan-
nng FesGag BblgenaeTca B npouecce oxlaxXaeHus
npu ~510°C, npegoTBpalyas BbigeneHme a-FesGas.
OTn pe3ynbTaTbl NpefAcTaBeHbl B cTaTbaAx [2, 3].
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