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Abstract: Numerical analysis confirms that in some cases the prepeak in the structure factor causes obvious change in the coor-

dination number, but change in the interatomic distance can be neglected for the study of the medium range order(MRO) . In order

to model the MRO, it is not possible to get enough information based on the pair correlation function; however the quasr Bragg e

quation can be employed to characterize the quasr period of MRO corresponding to the prepeak position. By assuming that the inr

teratomic distance between Fe and Al atoms hardly varies with composition, structural models were constructed based on the B2

type structure units of ordered FeAl alloy. The quasrt periods for different alloys obtained from the model structures are in reasomnr

able agreement with the experimental ones.
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1 INTRODUCTION

In 1966 Steeb et al''! found that in the structure fac-
tor of liquid Mg-Sn alloy by X-ray diffraction there existed
a prepeak. The prepeak is the peak in the structure factor
preceeding the main( strongest) peak. Sometimes the pre-
peak in the structure of molten alloys was neglected ” .
Homtova et all” suggested that prepeak was indicative of
fragments of crystalline Fe;Als compound in the liquid Ak
Fe alloys. Price et al'*! motivated the concept of medium
range order( MRO) in liquid and amorphous materials as
the nature of the prepeak. So far, a majority of investiga-
tions on MRO are devoted to amorphous materials'”',
molecular liquids'?, TA-IVA alloy melis'® and glassy
super- ionic conductors' "',

It is well known that there are many important tradi-
tional industrial materials in Fe-Al alloy system. Many
kinds of new materials have been developed in this sys-
tem. The amorphous AFFe-Re alloys'® and quastcrys-
talline phase in rapidly solidified AlFFe alloys have been
reported ® . Some FeAl alloys exhibit interesting magnet-

[10]

ic properties' ', and FesAlbased intermetallic com-

pounds may be applied as high temperature materials! !

and the important component for ceramic composites' .

X-ray diffraction analysis shows that there is medium

range order in liquid Fe-Al alloys' ™

, and a further study
on this subject may shed light on the structural relation-

ship between the liquid state and the solid phase, which

will facilitate the design and manufacture of the Fe Al
based materials.

Generally there are not chemically stable units in
metalmetal alloys, which makes it even more difficult to
analyze the MRO in such alloys. In this work, the inter-
atomic distance between Fe and Al atoms was hypothe-
sized to be constant; the evolution of the MRO in Fe Al
alloy melts were modeled by using the structure units of
B2-type FeAl alloy.

This paper is arranged as follows. Firstly the mani-
festation of the prepeak in real space is studied, and then
the experimental data are given followed by modeling of
the MRO structure. A conclusion is drawn finally.

2 MANIFESTATION OF PREPEAK IN REAL
SPACE

2.1 Relationship between S( Q) and g(r)

Structure factor S( Q) and pair correlation function
g(r) are two important functions in amorphous structure
analysis which are related with each other by Fourier
transformation as expressed in the form of equation( 1) :

g(r)= 1+ 3 [ T01500) - Vs 0r)ag
(1)

where (% is the number density of amorphous materials.
In practice the upper limit of the integral is a limited val-

ue that is 125. 0 nm™~ ! with respect to the Mo K, radia
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tion. The structure factor of liquid Ga is employed with
different artificial prepeaks to study the manifestation of
the prepeak in real space.

2.2 Numerical test on artificial prepeaks

The artificial prepeaks were sorted out into two class-
es. The first class(No. I ) included prepeaks with the
same position ( () and different height (HPP), while
those with different (), but the same HPP and half width
were ranked as the second class (No. II[). These two
classes of modified S( Q) are shown in Fig. 1 and Fig. 2
respectively together with the S( Q) with no prepeak for
comparison. The structure factors in the regime beyond 20
nm” ' resemble each other so closely that the difference
between them is hard to perceive.

2.5
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O/nm™!

120 140

Fig. 1 Structure factors with same position but

different height of prepeak( HPP)

s(Q)

40 60 80
Oram™!

106 120 140

Fig. 2 Structure factors with same height( HPP)
but different position of prepeak

Fig. 3 and Fig. 4 include pair correlation functions
corresponding to Fig. 1 and Fig. 2 respectively. In the
case of the first class, the difference among the first peak
of g(r) can be neglected, while there is a little change

in their heights of g(r) in the second class. For both
classes the difference mainly emerges within the range of
0. 357 0. 55 nm where the curves resemble each other in
shape and no new hump or vale is observed. The only dif-
ference among the curves is observed in terms of the
height.
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Fig. 3 Pair correlation functions inferred from
structure factors with same position

but different HPP
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Fig. 4 Pair correlation functions inferred from

structure factors with same HPP but
different position of prepeak

The nearest neighbor distance r; and coordination
number N, which are the first peak position of g (r)
and the area under first maximum of radial distribution
function 47> (r) respectively are calculated and listed
in Table 1.

As shown in Table 1, the difference in terms of r1 a
mong seven kinds of prepeak status can be neglected, but
the largest deviation up to — 10. 8% with respect to IV
is observed in the second class. This kind of behavior
makes it not reliable to model the MRO based on g(r)

from X-ray diffraction experiment.
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Table 1 Real space parameters for 0.20
two classes of artificially modified S( Q) '
Parameter Prepeak status ri N i BT l
- 0.286  10.29 0.10¢ r=04291m
No. [ 0.70 0.286 10. 37 i
0.05
1.15 0.286 10. 35 _
- 0.285 9.8 E{, o
0.5 0.285 10. 35
Ne, 11 1.0 0.284  10.00 ~0.05 & }‘
1.65 0.284 8. 81 -0.10
. . -0.15¢
2.3 Analysis on experimental error
S tuation s sing i > se o -0.20 : : : : y *
‘ The small ﬂu(t}latlon superposing in the second max 0 2 03 04 05 06 07 08 09
imum of g(r) in Fig. 4 may be resulted from the experi- oo

mental error in S( () near Qpa. For instance, the S

( Q) with no prepeak in Fig. 2 has the values of 1. 028
and 0.998 at 125.0 nm™ " and 110. 0 nm™ ' respectively.
It is thought that S( Q) bears less error at 110. 0 nm~ !
than at 125.0 nm™ ' according to the trend in S( Q) in
the regime of large (. Unlike the case of 125.0 nm™ ',

the termination of () at 110. 0 nm™ ' can suppress the
fluctuation effectively as shown in Fig. 5.

1.2
1.1
1.0+
%
09k
* 125.0 teminated
0.8 — 110.0 teminated
9
0 7 . 1 [
0.4 0.5 0.6 0.7
r/nm
Fig. 5 Effect of termination at different

Q' max on second maximum of g(r)

There is always a hump around 0. 42 nm in every g
(r) that could be attributed to the contribution of both the
experimental and the termination error through equation
(1). Fig. 6 lays out the behavior of the estimated error on
g(r). More detailed analysis on the experimental error
transferred from S ( Q) to g (r) can be found in
Ref. [ 14].

As pointed out by Salmon' ™', the loss of structural
information during Fourier transformation from S( Q) to g
(r) through equation( 1) results from the small weight of
S( Q) in the regime of small ). From the physical point
of view, g(r) is the statistical information between any
two atoms, and no consideration is paid to the impact
from a third atom. Since the three dimension structure i

Fig. 6 Estimated variation of g(r) on
account of experimental and termination error

formation is kneaded into a one dimensional function.
Naturally with r increasing beyond the first maximum of g
(r), more and more atoms fall into the shell between r to
r+ dr, thus information on MRO is smoothed away by
the short-range order information. Even in a crystal as r
increases, the pair spacings pack closer and closer togeth
er, until they disappear into a smooth background. It is
the four-body atom distribution function that is sensitive to
MRO in fluctuation electron microscopy measurement % .
Now that g(r) is not sufficient to demonstrate MRO, the
quast Bragg equation should be used to reveal insight into
MRO.

3 EXPERIMENTAL DATA AND MRO STRUC
TURE MODELING

Plotted curves in Fig. 7 are the structure fac

tors from the experiment whose description was
7
6 L
5 | Feg g74Alp 1264
i Feg75Algas 4
4 FepgoAloan -
S AlysoFegso -
= 3 Alg goFega0
! Alg s67Feg.333
2 Alg 714Feg. 286
AlgzsFepas
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A1 b 1
0 20 40 60 80
O/nm!

Fig.7 Structure factors inferred from

X-ray diffraction experiment on Fe-Al melts

(The prepeaks are indicated by arrows;
The curves are shifted by constant offsets)
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given in Ref. [ 13]. The Q, was measured after a prepeak
separation procedure, and then the quasr Bragg equation
in the form of equation(2) was employed to evaluate the
quast period of MRO that is then plotted in Fig. 8 and
compiled in Table 2.
dy= 210, ! (2)
0.55

0.50F

5 045
0.40
035 20 40 60 8 100
x(Fe)%

Fig. 8 Quasrperiod of MRO evaluated from

quast Bragg equation with respect to Fe content' ™!

(The doted line corresponds to averaged
value by eye measurement)

Table 2 Quasrt periods for different alloy
melts and their averaged values

x(Fe)/ % d,/ nm Averaged d ,/ nm
12.5 0.491
25.0 0.462 0.479
28.6 0.483
33.3 0.433
40.0 0.425 0.430
50.0 0.433
60. 0 0.410
75.0 0.393 0. 396
87.4 0.385

Ahead of constructing MRO models in Fe-Al alloy
melts, experimental results on four intermetallic alloys
U720 are collected into Table 3
which includes the nearest Al neighbors of a Fe atom
named Npel, the nearest Fe neighbors of a Al atom

from other researchers

named N ae, the averaged nearest neighbor distance be-
tween Fe and Al atoms named dyes), the averaged nearest
neighbor distance between Al atoms named dai. The
clustering information from diffusion experiment of Fe in
Al melt'?! and the experimental value of d in pure Al

(22 are also put forward.

As provided in Table 3, the values of dpear for
the four intermetallic alloys are a little more than

melt

Table 3 Partial coordination numbers and
interatomic distances quoted from other studies

M aterials dyear/ nm d A1/ nm Npeal
Fe diffusion*"! - 0. 284! 7-12

ALFel 7 0.254 6 0.278 9. 10

(averaged) (averaged)
(18] 0.251 0 0.289

AlsFe, (averaged) (‘averaged) 10

AlFel 2 0. 2508 0. 289 8

Fe;All™! 0.250 8 0. 4087 8( NV are)

0.25 nm. Moreover in the AFrich alloys each Fe atom is
surrounded by 9 or 10 Al atoms! "> "™, while in the Fe;Al
(DOs3) each Al atom has 8 Fe nearest neighbors' ™!, In
FeAl( B2) alloy Al and Fe atom are confronted with the
same environment in which each atom has 8 unlike-atom

[20

nearest neighbors' . The anomalous diffusive behavior of

Fe atom in Al melt suggested 7 = 12 Al atoms clustering

(211 On account of such information,

around one Fe atom
a hypothesis was made that in Fe-Al alloy melts one kind
of cluster took the form of the B2 structure units as in
FeAl intermetallic alloy, with the dpe; being 0. 250 8 nm
and not varing with composition. Then MRO structure
modeling was executed by packing the units in some spe-
cific ways with the quastperiod of MRO being generally
the correlation distance between the like- atoms of the mi-
nor type.

It is brought forth by crystal structural datal '™ and
abr initio calculation! ™! that there is strong interaction be-
tween Al and Fe atoms. This lays the foundation for the
hypothesis of constant deal in this work.

Firstly the Ferich of  Feo g74Alo. 126,

Feo.75Al0.25 and Fep. goAlo. 40 were modeled. In Fig. 9, the

alloys

packing of two units in directions of {110 between which
one edge is shared gives a da of 0.409 nm as the re-
quired quastperiod. The unit used in Fig. 9 is the same
as that of the B2 structure of FeAl intermetallic alloy, and
the packing manner resembles the DO3 configuration of or-
dered FesAl alloys.

Fig.9 Units packing in directions of <110),

and sharing one edge between units
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Akrich alloys  of
Alp.s75Feo. 125, Alo.75Feo.»s and Aly 714 Feo 236 was per-

Then modeling on the

formed. A new type of unit, which can also be found in
the B2-type FeAl alloy, was created in Fig. 10 by ex-
changing seats between the Al atom and the Fe atom of
the unit in Fig. 9. Then the configuration by packing units
in Fig. 10 in directions of {111) and sharing one corner
gives drere a value of 0. 500 nm as quasr period.

O Al
& Fe

Fig. 10 Units packing in directions of {1117,
and sharing one edge between units

Modeling on the alloys of Alg ¢s7Fe0.333, Alo.soFeo. 40
and Aly. soFeo.so was rather complicated. Except for what
are discussed in Fig. 9 and Fig. 10, another kind of pack-
ing manner in which face-sharing like-units arranged along
the (100 direction may exist. In such a way as shown in
Fig. 11, the configuration will resemble that of B2 struc
ture of FeAl intermetallic alloy in which Fe and Al atom
hold the same environment where not only the second
neighbor but also the third one would contribute to the
prepeak. Since each Fe or Al atom has the second and
the third neighbors at 0. 409 nm and 0. 500 nm respec
tively, the quast period should be the weighted average of
these two distances as shown in Table 4.

So far quastperiods were determined from the

A

O Al
® Fe

0.289nm

0.289 nm

Fig. 11 Packing of structure units along
normal axes, i.e. directions of 100)

Table 4 Possible values of quasr period
evaluated from weighted averaging between
0.409 nm and 0. 500 nm

Weight L1 21 31 4.1

0.454 0.439 0.432 0. 427

Averaged distance/ nm

three kinds of configuration, and compared with their ex-
perimental counterparts in Table 5. Reasonable agree-
ments between modeling and experiment are achieved ex-
cept that the relative error is more than 5% in cases of
Alo. 75Fe(). 25, Fe(). 874A1(). 126 and of equal weighting referred

to Table 4.

Table 5 Comparison between experimental
quasr periods and those from structure models

x(Fe)/ % Modeled dp/ nm Relative deviation/ %
12. 50 - 1.8
25.00 0. 500 - 8.2
28.57 - 3.5
0. 454,
2(3)-(3)3 0. 439, - 5.6, - 2.1, - 0.46, 0.70
50' 00 0.432, ( compared with 0. 430 nm )
' 0.427°
60. 00 0.24
75.00 0. 409 - 4.1
87.40 -6.2

* The meaning of the four figures is referred to Table 4; relative
deviation= ( experimental value— modeled value) / experimental

value X 100%

It is possible that in Table 4 the second and third
neighbor distance may not be on equal terms. Moreover
the second one should have larger weight than the third
one, which can suppress the relative difference within the
range of 2. 1%. Since the atomic ratio of Fe/ Al in
Feo. 374Alp, 126 is nearly the inverse of Al/ Fe ratio in Aly s75
Feo. 125, the distribution of minor type atom and then the
quast periods are expected to be similar. In fact this is
not the case as shown in Table 1 for which the reason is
not understood. As for alloy Aly 75Feg 25, it is approxi-
mant of quasicrystal. The suggestion that there was icosa-
hedral short-range order in the Al;z Fey melt'* may par
tially explain its large deviation from the experimental val-
ue.

In real alloy melts, there exist lots of structural de-
fects. The packing manners of units in Figs. 9 ~ 11 should
be modified, and the B2-type structure units that would
be substituted by polyhedrons with about 10 unlike-atoms
coordination may be too perfect to represent the clusters in
the melts. Presently serious difficulty is confronted to re-
veal the structural details of the clusters in Fe-Al alloy
melts by normal X-ray diffraction. Furthermore, the ex-
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periment was conducted under the constant temperature
instead of the equal overheating scheme. A further struc-
tural modeling should take into account the different X-ray
scattering ability of the Fe and Al atoms apart from their
geo-metric and topological properties.

4 CONCLUSIONS

It is shown by numerical analysis that the change in
position or height of the prepeak will sometimes only af-
fects the coordination number, so it is impossible to un-
derstand the mediunrrange order in the norr crystalline
materials through g(r); on the contrary the quast Bragg
equation associated with S( () can be used in this re-
spect.

On the hypothesis that dpea; is a constant in different
molten Fe-Al alloys, the quastperiods of MRO in such
melts are satisfactorily modeled by different packing of B2
structure units. The structural models thus constructed re-
semble the configuration of B2 or DO; type ordered alloy

to some extent.
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