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Del Bianco, Hernando, Bonetti, and Navafi@hys. Rev. B56, 8894 (1997)] published Mssbauer spec-
troscopy and magnetization measurements on ball-milled iron. The observed changes were attributed to the
increased grain-boundary fraction and this was supported by measurements on heat treated samples. The
recovery of the physical properties of bulk iron after the heat treatments was attributed to grain growth and
atomic rearrangement at the grain boundaries. The effect of possible imp(eitiesCr originating from the
milling tools) was not considered in any respect. We show that the results on the heat treated samples do not
exclude the possibility of explaining some features of thesshmuer hyperfine field distribution by impurities
instead of a reduced hyperfine field of the grain-boundary atoms. Heat treatments of small grain:Size Fe
samples were performed under argon and in a vacuum of BA. Significant reduction of the Cr content of
the alloy phase can be observed at elevated temperatures, which is explaing@pfo@nation in the surface
region.[S0163-18209)04821-3

Del Biancoet al! reported experimental results on iron which is not discussed in the paper, but it is certainly
powders mechanically ground for different times in a hard-attributablé to the presence of a significant Cr impurity. It is
ened tool steel vial. The observed changes in thesauer also important to recognize that the 30 T peak appears in the
spectra and in the bulk magnetic properties were interpretelyperfine field distribution at that stage when the resonant
as being due to changes in the grain size and in the grairarea of the distribution attributed to grain boundaries is
boundary structure. Besides reducing the grain size and creloubled, though the change of the average grain size is mini-
ating several kind of defects in the material, mechanicamal and does not exceed the experimental error. This com-
grinding also incorporates impurities. It is well known that ponent is either not detectable or quite insignificant in
the amount of the impurities can be as much as a few atomisamples milled for shorter times. It supports, as well, that the
percent during a one day milliRglepending on the milling 30 T peak belongs to Cr impurities. If one analyzes the re-
intensity and the hardness of the milling tools and the milledsults this way it turns out that the Cr content of the 32 h
material. Separating the effect of the impurities is a basisample can be in the 0.3-0.5 at. % ran@éhe component
requirement when nanocrystalline properties are discussefiited by the hyperfine field distribution is 17.4% of the total
however, in the paper of Del Biancat al. no reference is spectrum. It is estimated from Fig. 1 of Ref. 1, that the peak
made to any impurity analysis. In fact, the Sbauer spec- around 30 T makes it about 20—25% of this distribution and
troscopy results reported for 32 h milled powder appear tat should be further divided by the bcc coordination numpber.
show the presence of a Cr impurity. While the results for We also performed a set of milling of pure iron in a low
heat treatment of the 32 h powder can be interpreted asnergy impact tube mifl.Impurity analysis was performed
showing that there was no significant level of impurities,by energy dispersive x-ray spectroscof®DX) and x-ray
since the properties of pure Fe were recovered, we can derfluorescent analysis. The average grain size determined by
onstrate that this behavior is not inconsistent with theirx-ray diffraction was below 10 nm after 160 h of milling.
samples containing a small amount of Cr. Mossbauer spectrum of the sample ball milled for 470 h is

The use of steel milling tools can introduce significantshown in Fig. 1a). It was fitted by a binomial distribution
levels of Cr impurity into the milled material, as is obvious allowing first and second neighbors according to the bcc
from previous reports® on ball-milled iron. The hyperfine structure, and in accordance with the impurity analysis 2
field distribution$ determined for the 32 h powder both in at. % Cr content was calculated. The small peak in the center
the as received state and in the early stage of the heat treatf the spectrum which was not fitted by the binomial distri-
ments(at 695 K and 770 Kcontain a peak at around 30 T, bution most probably belongs to a high Cr content alloy
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Ar* sputtering with 2 keV, 2QA/cm?) about 60% of the Cr
atoms changed from metallic to oxide during our heat treat-
ment. For a further check, Fe and Cr powder mixture and an
Fe-Cr alloy ingot were ball milled in a tube mill working
under vacuum for 94 h to produce small grain-size powder
samples with FgCrs composition. The two kinds of samples
showed identical Mssbauer spectra and that of the sample
prepared from the powder mixture is shown in Figb)l
Mossbauer spectra of this sample after a heat treatment under
argon at 970 K for 20 lisimilar to the annealing applied by
Del Biancoet all) can be seen in Fig.(#). Both spectra

) were fitted by binomial distribution. This evaluation showed
Fe,.Cr, ball-milled that the Cr content of the ball-milled sample agrees with the
nominal concentration and has changed from 5 to 1 at. %
during the heat treatment. The ball-milled sample was also
heat treated in a high-vacuum (10Pa) furnace at 870 K for

4 days. Reduction of the Cr conteid about 3 at. %can be
observed even in this case. It seems, however, that this re-

*ball-milled iron

after heat treatment

— —————————— duction of the Cr content of the bcc phase does not occur
6 4 2 0 2 4 B under ball milling conditions. The Cr content determined
velocity (mm/s) from the Massbauer spectra agreed well with the nominal
one when Fgy_,Cr, samples (0.8x<5) were prepared
FIG. 1. Mossbauer spectra ¢8) Fe powder ball milled for 470 by ball milling the elemental powders. Probably the effective
h, (b) FeysCrs sample prepared by ball milling a mixture of the temperature of the milling process is not high enough for the
elemental powders for 94 h, arid) the FgsCrs sample after heat reaction to occur.
treatment under argon at 970 K for 20 h. The spectra were fitted by |t is clear that there is a possibility of impurities contrib-
binomial distributions allowing first and second neighbors accordyting significantly to the changes in Msbauer spectra aris-
ing to the bcc coordination. ing from ball milling of Fe. Our results show that the recov-
L _ery of bulk iron properties after heat treatment is not an
phase. Recrys"[lalllzatlon heat treatments were performed in g 55 mbiguous indication that differences observed in the
vacu%m of 10" Pa, and similar to the results of Del Bianco ygsshauer spectra of coarse grain and ball-milled iron pow-
etal,” the Massbauer spectra of the heat treated sample§erg are merely caused by the enhanced grain-boundary con-
agreed well with those of unmilled iron in spite of the mea- iy tion. Due to the small grain size, surface chemical reac-

sured Cr content. It_ is We_II _knov@n‘rom corrosion studies  tions can play an important role during the heat treatment.
that Cr has a very high affinity to oxygen and heat treatmenf;ssshauer spectroscopy is a very sensitive tool to detect

at low oxygen pressure is used to form a protectivéOsr  jmpyrities in the order of 0.1 at.% in bulk amounts of
layer on the surface. Cr diffuses from the bulk to the S“rfac%amples and without any special sample preparation method
and CtOs is formed even in a vacuum of 18Pa. In case of yhich could modify the sample. Under such circumstances
a small grain-size powder of Fe-Cr alloy this process mighthe documentation of a careful analysis of all the possible

easily produce a complete depletion of Cr inside the grai”_simpurities cannot be neglected when thé ddbauer spectra
To check the significance of this process in our recrystalli-of g,cn samples are discussed.

zation heat treatment, a §€r, alloy was annealed under

identical conditions and the x-ray photoelectron spectros- The financial support of the Hungarian Scientific Re-
copy spectrdESA-31 DebreceriRef. 9] was measured on search Funds T020624 and F-019376, the Ministry of Edu-
the surface before and after annealing. The spectra showedtion (FKFP 0453/199), and the Hungarian Academy of
that even in 70 nm depth from the free surfd@2® minutes SciencedAKP 96-137/6 are gratefully acknowledged.
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