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Mossbauer spectroscopy study of the rhombohedral phase Y sFe 7Ny
with intermediate nitrogen content  (0<x<2.8)
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Mossbauer spectra were obtained at 15 K from samples of rhombohegital,¥and its nitrides

Y ,Fe7N,, with nominal nitrogen contents of=0.6, 1.2, 1.8, 2.4, and 2.8. The spectra have been
analyzed using a model which is consistent with the crystallographic structure and with
magnetization that lies along a general direction in the hexagonal basal plane. The hyperfine field
values for the four crystallographically inequivalent Fe sites change differently upon nitrogenation.
For each of the ¥YFe 7N, samples with intermediate N content, the spectrum can be described as a
superposition of two components, one from the nitrided shell of the sample particle and one from
the outer portion of its unnitrided core. These results, along with eariie® nuclear magnetic
resonance measurements, yield a consistent picture for the two-phase configuratibe, ¢fl Yand

its hyperfine field behavior. €999 American Institute of Physids$0021-897@9)55808-§

I. INTRODUCTION ent Y,Fe; ingot was prepared by arc melting, annealed in

Rare-earth iron nitrides e, N, where R is a rare- Vacuum at approximately 950°_C for 7 days, .gro_und into a
earth element or yttrium, have exhibited improved hard magPoWder, and passed through sieves to obtain five samples
netic properties in comparison to their corresponding binaryVith @verage particle diameters of 50, 40, 34, 28, ang .
parent RFe;;.t Because yttrium is nonmagnetic ;e N, hese samples were nitrogenated simultaneously at 480°C
provides an excellent opportunity for isolating the Fe sublat{nder 1 bar of M gas for 17 h. X-ray diffraction(XRD)
tice and for studying hyperfine fieltHF) behavior at the USINg Cu Ka radiation showed the rhombohedral
various Fe sites. Although there have been several previoud2ZM7type structure, with no trace of the hexagonal
reports of M@sbauer effedtME) studies on ¥Fe N, , their ThoNi,type structure. However, there was some precipita-

main focus has been on the hexagonal paresiey, and  ton of body-centered-cubic (bco a-Fe (~6% for
fully nitrided compound YFe, N, with x~2.6-2.82° De-  Y2F@N2g. In addition, for this work, several JFe,; pow-

tailed information concerning how the HF at a particular Fed€rs were similarly prepared and checked by XRD in order

site changes as nitrogen enters thé&#, particle is needed to obtain a parent sample. There was some amount of hex-
for a better understanding of the nitrogenation process ang@90nal phase in all of these parent powders, but nodbEe
the effect of the N atoms on the Fe magnetic moment. In thi®"ecipitation.

work, Massbauer spectra for rhombohedralFé N, with Mossbauer spectra were obtained using an Austin Sci-
intermediate nitrogen contemthave been obtained system- €1C€ Associates constant-acceleration spectrometer with a 30

. 57 . . B
atically at 15 K. The analysis shows that, upon nitrogenationMC! source of*’Co in a rhodium matrix. A 15 K sample

the HF values at inequivalent Fe sites change differently!®mperature was obtained using a closed-cycle two-stage
which is consistent with earli€FFe nuclear magnetic reso- DiSPlex helium refrigerator with a DMX-20 vibration—
nance(NMR) experiment§. The ME spectra for YFe, N, |so!at|on mter_face(APD Cryogenics The velocity scale was
with x<2.8 provide direct evidence that, before reaching thef@librated using am-Fe absorber at room temperature.
fully nitrided state, each sample particle has a two-region

configuration with a fully nitrided outer shell and a nearly IIl. RESULTS AND DISCUSSION

unnitrided core. In rhombohedral ¥YFe-N,, there are four crystallo-
graphically inequivalent Fe sitesc69d, 18f, and 18, to-
II. EXPERIMENTAL APPARATUS AND PROCEDURE gether with an easy magnetization direction in the hexagonal

) i basal plane, but not in general along the crystallographic
The Y;Fe/N, samples with nominal N contents af  irection® Consequently, each of thed9 18f, and 1% Fe
=06,1.2,1.8,24,and 2.8 usBed in this work viere the samgiies is divided into three magnetically inequivalent subsites
samples used in earli€fFe and®Y NMR studies>’ A par- g6 1o different angles between the principal axis of the elec-
tric field gradient and the magnetization direction. Therefore,
dElectronic mail: dyang@holycross.edu a Mossbauer effect spectrum fore ;N, consists a total of
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FIG. 1. Mossbauer spectra for the parentFé¢,; and fully nitrided
Y,Fe /N, gat 15 K. The data points represent the experimental spectrum, the
thin lines represent the subspectra sextets, and the thick line represents the
fit to the spectrum.

ten sextets with a population ratio of 6:3:3:3:6:6:6:6:6:6 for
6¢c, 9d, 18f, and 18&. However, these 10 sextets are not
completely independent since the three subsites for each of
the od, 18f, and 18 Fe atoms have the same crystallo- .
graphic er}viro'nment and’ thus' the same isomer shift. AISOIfIG 2. Mossbauer specStrZLfl(:?ievslz?g f(m'lr'];ésgata points represent
the hyperflpe flelq V,alues should not be very dl,ffer?nt for thethe éxberimental spectrum, thze dlésﬁed line ;epresents the unnitrided com-
three subsites within the same crystallographic site becausggnent, and the thin solid line represents the nitrided component. The thick
the variation in the dipolar interaction is expected to besolid line represents the superposition of the two components.
small.
Figure 1 shows ME spectra for a typical pareni¥-
sample and the fully nitrided YFe;;N, g sample at 15 K. Table | lists the hyperfine field values obtained by fitting
Both spectra have been fit with ten magnetic sextets, eactne ME spectra for the parent,fe; and the fully nitrided
having the following parameters: a magnetic hyperfine field)Y ;Fe;;N, g samples. It can be seen that the HF for the
an isomer shift, and a quadrupole splitting. One uniform line-‘dumbbell” 6c Fe site (37.0 T) remains essentially un-
width value of 0.27 mm/s was used for all sextets. The exchanged upon nitrogenation. There are three HF values for
pected intensity ratio of 3:2:1 for lines 1, 2, and 3 as well aseach of the @, 18f and 1& sites, and all of them increase
for lines 6, 5, and 4 was maintained for each sextet. Thavith nitrogenation; the largest increase occurs at tteafd
assignment of the sextets to the various Fe sites was based b8h sites. For the YFe ; parent reported here, the average
a combination of previous Mwsbauer studié§ and 5Fe  HF values for the four crystallographic Fe sites are in de-
NMR measurements. scending order, 6>9d>18f>18h, which is consistent
with an earlier assignment for hexagonalFé,,.2 After ni-

TABLE I. Hyperfine field valuegin tesla obtained from fitting the Mss-  trogenation, the new order isd9-6c¢>18h>18f with
bauer spectra at 15 K for the rhombohedral parefiey; and fully nitrided changes in place betweer &nd 6 and between 18 and
YoFeNas. 18f. These results are in complete agreement wiike

Site X=0.0 X=28 NMR measurementsIn addition, the ME results reported
here complement the NMR data because some offRe

-0 8 6 -4 -2 0 2 4 6 8 10

g‘; 328 gg-g peaks in the parent ¥e; NMR spectrum were obscured by
9dz 325 37.4 a large®Y peak covering a spectral region from 38 to 43
od, 321 374 MHz.® Using the®’Fe gyromagnetic ratio of 1.38 MHz/T and
18f, 30.6 33.4 average hyperfine field values of 30.4 and 27.8 T for thie 18
18f, 30.6 321 and 18 sites in Y,Fe;;, the corresponding NMR peaks are
1188;:0 ;g-; gg-g 42.0 and 38.4 MHz, respectively. Also, tAé-e peak in the
18hz 979 34.3 parent Y,Fe;; NMR spectrum at 50.1 MH%36.3 T), which
18h, 27.6 32.1 was assigned to thecéFe site? actually contains a contribu-

tion from one third of the € sites.
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< 100 calculation using the radiation penetration depth and absorp-
g tion cross sectiort§ revealed that the samples wik+ 0.6
g 80 T and 1.2(particle radii of 25 and 2@:m, respectivelywould
o not have the entire core exposed to the radiation, resulting in
g 6ot the apparent larger ratio of the nitrided component to the
2 unnitrided component.
5 401
% 20 IV. SUMMARY AND CONCLUSIONS
é . A detailed analysis of the Mgsbauer spectra obtained at
g o P T A S R S 15 K from rhombohedral phase,Fe;N, with intermediate

00 05 10 15 20 25 30 N content was presented. It was found that for the dumbbell

Nitrogen Content, x 6¢ site, the hyperfine field values were essentially unchanged

o o upon nitrogenation, while the HF values for thd &nd 1&
sFK;:tfé \'/Dsefiﬁgtagnec%fnizzl”'t”ded component observed in thesbtmier  sjtas experienced relatively large increases of approximately
P 9 5 T and the value for the I8site experienced a relatively
small increase of 1.6 T. As a result, the HF sequdiaser-
aged over the subsiteghanged from 6>9d>18f>18h
Figure 2 shows the ME spectra obtained fropF¥-N,  for Y,Fe5; to 9d>6c>18h>18f for Y,Fe;N,g. This is
with intermediate N contents of=0.6, 1.2, 1.8, and 2.4. consistent with, and complements, the hyperfine field results
Attempts to fit these spectra using a single ten sextet modétom earlier>’Fe NMR experiment&.n particular, hyperfine
with one set of hyperfine parameters were unsuccessfufield values are now clearly obtained for thef ldhd 1& Fe
which clearly demonstrates that the relevant hyperfine pasites whose NMR peaks are obscured by a I&%yepeak
rameters do not simply vary monotonically as nitrogen isover the same spectral region in the NMR spectrum of the
introduced into the 2:17 lattice. Instead, good fits to all fourparent compound. For the,¥e;;N, samples with an inter-
spectra in Fig. 2 could be obtained using a superpositiomediate N content of 06x=<2.4, the M@sbauer spectra can
model which involved a linear combination of the spectra forbe fit quite well by using a superposition which involves a
the unnitrided YFe; parent and the fully nitrided linear combination of the spectra for the unnitridegr¥,;
Y ,Fe N, g compoundFig. 1). The superposition model uses and the fully nitrided ¥Fe;N, g. This strongly supports the
only two adjustable parameters: one which is a measure dfitrided—unnitrided shell-core model which was proposed
the contribution to the spectrum due to the unnitrided comearlier for the sample particles as N atoms enter the 2:17
ponent and another which is a measure of the contributiotattice and become trapped in the interstitial steBuring
due to the fully nitrided component. From Fig. 2, it can bethe nitrogenation process, the nitrided shell grows at the ex-
seen that the fits are quite good except for some minor degpense of the unnitrided core, and this is reflected in the rela-
viation with the sixth line. tive amounts of the two components in the ME spectra.
Figure 3 shows the percentage of the ME spectrum that
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