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AHHOTALNA

boina onpepeneHa MHTepdepeHUMoHHaa (yHkuma 1/K/ meTanimyeckoro crekna
Fe. B /x = 15,8; 19,6 n 23,1/ B obnactu BekTopa paccesaHua ot 0,5 go 14 8
C NpuUMEHeHneM usny4veHmsa M K B CUMMETPUYHOA TPaHCMUCCUOHHOIM reomeTpumn. Bo
BCeX Tpex cryyasx Obina onpegeneHa Takke M PyHKUMA napHoi koppensuwn g/r/, 4TO
XOpOoWOo coBNagaeT C pe3ynbTaTaMym Kak PEeHTreHOBCKUX, TaK UM HeWTPOHHO-Auphpakum-
OHHbIX U3MepeHuli, onyb6anKoBaHHbIX B nuTepatype. CTpyKTypy BTOporo nuka B a/r/
MOXHO cuUuTaTb '‘HOpMa/IbHOR" .

KIVONAT

Mo Ka sugarzas felhasznalasaval szimmetrikus transzmisszidés geometriai
elrendezésben meghataroztuk a Fe._ . B = 15,8, 19,6 és 23,1) Témivegek

1 & interferenciafiggvényét a 0,5 és 14 R~X kozotti szoérasvektor tartomany-
ban. Mindharom esetben meghataroztuk a g(r) parkorrelacios flggvényt. Jo
egyezésben a Fukunaga et al. rontgen- és Cowlam et al.neutrondiffrakcids mé-
ré?einei eredményeivel, g(r) masodik cslUcsanak szerkezetét '‘normalis''-nak
talaltuk.



ABSTRACT

The interference function, 1(K) of glassy Fe-]oo-xBx = 5.8,
19.6 and 23.1) alloys was determined iIn the wave vector range be-
tween 0.5 and 14 A using Mo K radiation In symmetric transmis-
sion geometry. The pair correlation, g(r) was determined in all
the cases. In agreement both with X-ray [2] and neutron diffrac-
tion [3] investigations the second peak splitting in g(r) Iis
“"normal™.

INTRODUCTION

Up till now three different investigations have been published
on iron-boron metallic glasses [1,2,3]. Waseda and Chen [1] claimed
that the reduced pair correlation function of the hypoeutectic
iron-boron metallic glasses is very similar to the one of the
dense random packing of hard spheres,that is,the so-called shoul-
der is higher than the second peak. On the other hand, according
to Fukunaga et al. [2] and Cowlam et al. [3] the structure of
iron-boron glasses is normal even iIn the low boron concentration
range. In this contribution, our aim is to show that as to the
structural properties, the iron-boron glasses behave "normally",
like the other transition metal-metalloid glasses [4]-

EXPERIMENTAL

The glassy FeiQ0-xBx = 15,8" 19«6 and 23.1) ribbons were
prepared by rapid quenching from the melt at the Central Research
Institute for Physics, Budapest. The thickness of the ribbons was
around 25 ur. The ribbons were cut to pieces and samples with 10
by 10 mm surface were prepared. The as-cast ribbons were chemically



analysed by a Varian atomic absorption spectrophotometer. The
density of the samples was found to be 7.3, 7.2 and 7.0 g/ml for
x= 15.8, 19.6 and 23.1, respectively, by the Archimedean method.
These values are somewhat smaller than those by Waseda and Chen
[1].

The intensity curves were measured in symmetrical transmis-
sion geometry using an MZ-1 type Seifert diffractometer and Mo
radiation. The measurements were made at the Central Research
Institute for Chemistry, Budapest. The LiF crystal-monochromator
was located in the primary beam because this arrangement makes the
Compton correction relatively simple. The intensity was deter-
mined In the scattering vector range K = 0.5-14.0 8 . The scatte-
ring vector was changed by 0.05, 0.1 and 0.25 8 steps in the in-
tervals 0.5-5, 5-10 and 10-14 8 , respectively.

The X-ray intensity, coherently scattered by more
than one species of atoms can be written as

[ee]

Ilcoh® = <f2> + <f2>J 4Tir2Zk» ir)-p0] ~ dr )
O

where <f2> =5 CJ;?; <f> = £ and K, cj/ are the scatte-
ring vector, the concentration and the atomic scattering factor
of the i1-th kind of atoms, p(r) is the radial density function
and pQ #s the average number density of atoms.

As the total interference function 1(K) is defined by

1K) = [Icoh® ™ <f2> + <F>2]/<F>2* %)

the total pair correlation function, g(r) can be evaluated as the
Fourier transform of I(K) by the following relation

1

glr) = 1 +—y S K[I1(K)-1]sinKrdK. 1)
at rpo °©
The observed intensity (I7g arbitrary units) must be cor-

rected for background, absorption and polarization.

The background intensity, such as the ailr scattering and the
sample-holder scattering, was measured without the sample and then
substracted from the observed iIntensity.



As symmetrical transmission arrangement was used we applied
Alexander®s absorption correction [5] and the polarization cor-
rection factor given by Whittaker [6] and converted the corrected
intensity to absolute units by both Krogh-Moe-Normann [7] and
high-angle [8] methods. The difference between the two normaliza-
tion factors was within 2 per cent.

The monochromator was located in the primary beam, so the
incoherent iIntensity could be calculated using the Tfitting para-
meters reported by Hajdu [9]. The data processing was carried out
on an R-40 computer. In this procedure a modified version of a
FORTRAN-1V program by Hajdd and Radnai [10] was used.

RESULTS

After the normalization of the corrected coherent iIntensi-
ties (see Fig. 1), the total interference functions are obtained
(Fig- 2). In Tables 1la and b the peak positions and the relative
peak hights of the total interference functions are summarized.

Table la. The peak positions in 1K)

cB at.% k1A 1) k2@ 1) k3¢~ «4(8"1) Ref.
15.8 3-092 5*232 6.13g 7-80
19.6 3+1°2 5%220 6192 7-80
23.1 3.110 5.222 6.237 7.85
11.5 3.08 2]
14.1 3.08 2]
16.8 3.115 2]
19.6 3.12 2]
22.6 3.13 2]
16 2.99 5.26 6.10 [1]
20 3.0L 5.26 6.10 1]
25 2.98 5.23 6.10 1

17 3.15 5.28 6.13 3]



Table 1b. The peak heights in 1(K)

CB at.% 1) 1(K2)/1(K1) 1(K3)/1(K1) i 4)/i 1) Ref.

15.8 3.83 0.48 0.24 0345

19.6 3.71 0.50 0.27 0.36

23.1 3.53 0.53 0.26 0.368

11.5 3.38 2]
14.1 3.46 2]
16.8 3.36 2]
19.6 3.14 2]
22.6 3.14 2]
16 3.20 [1]
20 3.10 [1]
25 3.02 [1]

Fig. 1. Coherently scattered, intensity
for FelOO-xBx desses



With increasing boron concentration the height of the fTirst
peak of the iInterference function gradually decreases, its width
gradually increases. Similarly, there is a gradual change iIn the
reduced interference function, F(KK) ~ K{I(K)-1), that is shown in

Fig. 3. These changes with
decreasing boron content can
be explained by assuming in-
creasing distortions 1in
trigonal prismatic packing
proposed by Gaskell [12].
However, no pecularities
show up at 20 per cent in
the distortions.

By Fourier transforming

Fig. 3. The reduced interference function, the reduced total interfe-
FE = KAEK)-1D), in the shoulder re-

gion rence functions the total

pair-correlation functions,
g(r) were obtained using (3. In Table 2 the peak positions 1in
g(r) are given. For the sake of simplicity in Fig. 4 the pair-
correlation functions
for cB = 15.6 at% and
23.1 at% are only shown.
One can clearly see that
even in the case of low
boron concentration
alloy, cB = 15.6 at%,
the second peak 1is
higher than the shoulder,
i.e. the structure re-
mains "normal’” similarly
to any other transition
metal-metalloid glass. Fig. 4. The total pair correlation functions
T°r Fe®4.4B15.6 and Fe76.9B23.1 passes.



Table 2. Peak positions in g(r)

cB ath R1(®) R2 ®) R3$) R4 (& Ref.
15.8 2.560 4.183 4.985 6.428
19.6 2.559 4.166 4.981 6.443
23.1 2.567 4.150 4.970 6.412
0 2.544 4.254 5.018  Extrapolated
0 2.54 4.25 4.98 [13]
16.8 2.537 2]
19.6 2.554 2]
22.6 2.546 2]
16 2.58 4.40 4.88 [1]
20 2.57 4.37 4.93 [1]
25 2.62 4.33 4.90 [1]

CONCLUSIONS

1. ) In good agreement with the measurements of Tohoku group
[2], we have found that the diffraction pattern and the total pair
correlation function of iron-boron glasses are similar to the
other transition metal-metalloid glasses.

2. ) The radii of the Tfirst, second and third coordination
shells defined by the maxima of g(r) can be extremely well repre-
sented as a linear function of the boron content, CB. The values
of the first three radii extrapolated to c3 = O are given in the
fourth row of Table 2. All the three values are very close to the
values measured by Ichikawa [13] in the case of pure amorphous
iron. So, as to the first three coordination shells, the short
range order iIn iron-boron glasses changes smoothly from the pure
amorphous iron to at least 23 ath boron content.
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