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Determination of the Debye temperature of theo-phase Fe-Cr alloys
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S'Fe Mdsshauer spectra were recorded on thephase samples of E£r,, Fe,Cryg, and
(Fe;4Cr)-0.3 at% Ti alloys in the temperature range of 46sK<330 K. From the temperature depen-
dence of the average isomer shift the Debye temper&grevas evaluated as equal to 43YK, 460(12) K,
and 47122) K for the three samples, respectively.
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The o phase was discovered in 1923 in an Fe-Cr atloy,
and its crystal structure was identified only in 1954 also inwhere m is the mass of the’’Fe nucleusk is the Boltz-
the Fe-Cr systerh.Nowadays, 42 examples of binary-alloy mann’s constant; is the velocity of light andr= @y /T.
systems are known in which it existdarticular interest in

the o-Fe-Cr system stems not only from the fact it represents Il. EXPERIMENT
the archetype of the phase, but mainly because the system is
of particular interest both for scientific and technological rea- Samples of FeCrye, FesCryg, and

sons. Theo phase itself is of interest due to its complex (F&4Cr)-0.3 at% Ti alloys were prepared by melting ap-
close-packed tetragonétp) structure with 30 atoms distrib- propriate amounts of F€9.95% purity, Cr (99.5% purity,
uted over five nonequivalent sites in a unit cell. The spac&nd Ti (99.9% purity in a vacuum induction furnace. The
group is Diﬁ_P42/mnm Its physica| properties are sub- ingOtS received Were cut intO- cubes of 5 mm size, which
stantially different from those characteristic of thephase =~ Were next solution treated in vacuum of the order of
(bco), from which it precipitates either as a result of isother-10" > Pa for 24 h at 1473 K followed by water quenching.
mal annealing of quasiequiatomic alloys in the temperaturd he chemical composition was determined on the homog-
interval of ~800 K<T<~1100 K or by mechanical enized samples by an electron probe microanalysis. The
alloying® Its most striking feature is brittleness and hard-Samples were next rolled down to a final thickness of
ness, the latter by a factor of 4—5 larger than that of¢he ~30 wum and then vacuum annealed at 1173 K foh to
phase. Ther-Fe-Cr is weakly ferromagnetic, i.e., its Curie femove strain. Their transformation into tle phase was

temperature and the magnetic moment per Fe atom are ofagade by an isothermal annealing at 973 K. The verification
order of magnitude smaller than those @fFe-Cr of the of the transformation process was done both by recording the

same chemical compositién. Mossbauer spectra as well as the x-ray diffractograms.
In view of these and other differences in the physical 5’Fe Mossbauer spectra were recorded in transmission ge-

properties between and, it seems interesting to know the OMetry using a standard spectrometer artiGo/Rh source
Debye temperature of the latter, all the more so, it is, to oufor the 14.4-keVy rays at temperatures between 40 and 330
best knowledge, unknown so far. K. The temperature of the samples, which were placed in a

One of the experimental methods that can be used for th&ontinuous-flow cryostat, was constant within 0.1 K during
purpose is the N]lssbauer Spectroscopy_ The Debye temperathe 1-da¥ run needed to record a SpeCtrUm of a gOOd statis-
ture®, can be determined by means of this method from thdical quality.
temperature dependence of the isomer shift IS

IIl. RESULTS

IS(T)=1Sg(T) +1Ssopd T) (1) A. Spectra analysis

The spectra, whose selected examples are shown in Fig. 1,
where 13 is a term representing the dependence of IS on thevere analyzed in two ways, using a least-squares iteration
charge density at the probe nucleus and has only a wegkocedure. As the only spectral parameter relevant to the
temperature dependenteThe second term in Eq(1l), determination of the Debye temperature is the average iso-
ISsops is the so-called second-order Doppler shift. Assum-mer shift(the center of gravity of the spectrirand its value
ing the whole dependence of IS dnoriginates from the does not depend on the value of the quadrupole splitting, the
second term, and using the Debye model for the phonotatter parameter was neglected. In the first Wiaythe spec-
spectrum one can write the following formula tra were fitted in terms of the distribution of the isomer shift.
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100 T T TABLE |. Average values of the isomer shiftelative toa-Fe)
as calculated from method {JS), and method I1(IS), for the

sample of Fg,Cryg.
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bye temperature. The data presented in Fig. 2 for the three

samples investigated, was fitted using E2), yielding the

following values of@®p : 437(7) K for Fes,Cr,g, 46012) K

for F&,Crag, and 47122) K for (Fes,Crye)-0.3 at% Ti. To

our best knowledge, this is the first determination of the De-

bye temperature for ther phase in general, and for the

o-Fe-Cr, in particular. From the data it follows that the De-

bye temperature, like other physical properties of the

phase, depends on its chemical composition. In particular,
. . . : . R R —— ®p increases with Cr content. Such behavior may be ex-
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V [mm/s] IS [mm/s] pected as the Debye temperature of chromium is signifi-

cantly larger than that of iron. For example®,
FIG. 1. 5"Fe Mdssbauer spectra recorded on the sample of=331(12) K for °Fe atoms in iroff against O
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Fes,Cry alloy at(a) T=80 K, (b) T=200 K, and(c) T=320 K, = =445(15) K for °'Fe atoms in Cr-rich4') Cr-Fe phasé?
and the corresponding distributions of the isomer siight-hand  The comparison of the Debye temperature should be made
side. between the values obtained with the same method and for

Those obtained for the spectra shown in Fig. 1, are presenté € same temperature range, as itis knqwn that the value of
alongside on the right-hand side of the figure. The averag® o depends on the used methtidn the light of a lack of
isomer shift,(1S), was determined by integrating the distri- data, one cannot compare the present data with that charac-
bution, i.e.,(IS),=[ISP(I1S)dIS/fP(IS)dIS. For the tem- teristic of a-Fe-Cr with similar Composm(_)n. If one, how-
perature regime where the samples are paramagnetic, tHiyer, assumes fox-Fe-Cr that®p scales linearly with the
way of spectra analysis can be regarded as a model-free or@@mposition, than taking into accound the data of Ref. 10,
In the second wayll), the spectra were analyzed assumingone gets®,~400 K for a quasiequiatomia-Fe-Cr alloy.

they were a superposition of a number of single-line sub-
spectra, each corresponding to one site occupied by thr
probe Fe atoms. The number of the sites occupied by Fe¢ _gog |
atoms is still an open question. According to experimental
results based on x-ray diffraction measurements, Fe atom
reside on all five site$, while according to recent theoreti- -0.1
cal calculations, only three sites are occupied by Fe
atoms:°~?In view of this unclear situation, our spectra were
fitted assuming they were composed of 3, 4, or 5 single—lineT
subspectra having the same linewidth, which was, how-
ever, treated as a fit parameter. It has turned out that th(é -0.14 ¢
spectra can be well fitted independently of the number of the—
subspectra. The only difference was the valud pfwhich a.—%\-o 16 |
was equal to 0.34—-0.35 mm/s in the case of three subspectr™
to 0.31-0.32 mm/s in the case of four subspectra, and tc
0.28-0.30 mm/s in the case of five subspectra. The valuesc -0.18 f
(I1S),, the essential quantity to determiflg,, were practi-
cally independent of the number of subspectra, and were in ¢

-0.12

good agreement with the corresponding values obtained ir 0% | 8 o gszigsziO-%t% g
the first way of spectra analysiélS),. An example of the PN — Fe,Crye ¢
data found for the spectra recorded on the sample of0fg y : : ' . :
S . 50 100 150 200 250 300

is given in Table I. T [K]

B. Determination of the Debye temperature FIG. 2. The average isomer sh{fiS) versus temperatur€ for

The temperature dependence of the average isomer shithe samples investigated. The lines stand for the bestfits to the data
(I1S)=((1S),+(1S);;)/2, wasused to determine the De-  using Eq.(2).
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This is ~10% less than the value found in a present studyf @, found span over the range of 437<¥@,<471 K,

for the o-Fe-Cr. The~10% enhancement of the Debye tem- gepending on the alloy composition. These values are by
perature found for ther phase agrees well with the corre- — 100 larger than the estimated value@y for the a-Fe-Cr
sponding enhancement of the Lamb-#88bauer(recoilless |0y of similar composition. Such relationship agrees well
fraction) Gf%CtOV revealed recently for the investigated ith the corresponding relationship between the recoilless
samples® fractions of the two phases.
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