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Neutron diffraction experiments were done on Mg-Bi melts with eight compositions. From
the measured intensities total structure factors and pair correlation functions as well as radial
atomic distribution functions were calculated. The concentration dependence of the measured
nearest neighbour distance and measured coordination number indicates the preference of
unlike nearest neighbours within the Mg-Bi melts.

The neutron-intensity curves show premaxima at g ~ 1.6 A-1. X-Ray diffraction experiments
performed on melts with three different compositions also yield corresponding premaxima. It
could be shown that the premaximum intensity from the X-Ray as well as from the neutron
experiment corresponds to the assumption that the premaxima are caused by modulation of the

monotonic Laue scattering.

1. Introduection

The structure sensitive properties of Mg-Bi melts
show a very pronounced concentration dependency,
as can be seen for example from Fig. 1 which shows
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Fig.1. Mg-Bi system: Specific electrical conductivity
according to [1, 2] (7' = 900 °C).

the electrical conductivity vs. the concentration
[1, 2]. In spite of the fact that molten magnesium
and molten bismuth both exhibit typical metallic
behaviour, the specific conductivity of the molten
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alloys shows a deep minimum at the composition of
the solid intermetallic compound Mg3Bis.

All properties of Mg-Bi melts such as com-
pressibility or thermodynamic activity measured
up to now indicate the predominance of unlike
nearest neighbours which might be caused by strong
non metallic bond [3, 4]. In the present work the
atomic structure of Mg-Bi melts is evaluated.

2. Theoretical Background

2.1. Intensity Functions

The intensity of the coherently scattered radiation
can be written for a binary alloy in the following
way [5]:
Icon(g) = <b%) — <b)?

+ 2|1+ [4ar2(o() — o0)- 229D ar| (1)
0 qr
with
(b%) =cabs®+ cpbp?, (2)
<b> =CAbA +CBbB. (3)

o(r) represents the local number density which
depends also on the scattering lengths according
to (4):

o(r)

= [caba®0aa(r) (4)

+ cabp20BB(r) +2¢ababsoan(r)]
ba, bp = coherent scattering length of species A, B

(in units of 10-12 em for X-rays as well as
for neutrons),
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q =4asinf/1,

26 = angle between primary and diffracted
beam,

A = wavelength,

ca, cg = atomic fraction of species A, B
(ca+cp=1),

0ij(r) = atomic number density of atoms of
species j at a distance r from an atom of
species ,

00 = N D-10724/4 = mean atomic number
density,

D = macroscopic density,

A = mean atomic weight,

Ni. = Avogadro’s number.

The total structure factor S(g) is defined as

1 — [¢b%) — (b)2

Siq) — Leon(@ =B — %1
<b>?

The expression [(b2) — (b)2] is designed as

monotonic Laue scattering I1ys which also can be

expressed as

Ims = [<b2) — <b)?] = cacp(ba — bB)*. (6)

()

2.2. Pawr Correlation Function and Atomic
Distribution Function

By Fourier transform of the structure factor
S(gq) the pair correlation function G (r) is obtained:

G(r)=4mr(o(r) — o) ()

9 o .
=" [q(S(q) — 1)sin(gr)dq.
T o

The atomic distribution function
A(r)y=rG(r)+4nr2 g (8)

is used to obtain by integration the experimental
coordination number NI.

3. Experimental Background

3.1. Neutron Diffraction

During the present work melts from pure bismuth
and from eight alloys with different concentrations
were investigated. The alloys were melted within a
vacuum induction furnace under argon atmosphere
and casted in cylindrical molds. The specimen
containers were made from pure sintered AlyOj
(Degussit Al-23, Fa. Degussa, Hanau) in cylindrical
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shape (length 100 mm, outer diameter 11 mm, wall
thickness 0.5 mm). The cylinders were closed on
both sides by Al;Os-caps using a tight, high tem-
perature resistent cement (Fa. C. Huth, Bietig-
heim). These specimen containers showed no
chemical reactivity with the melts, contributed a
rather small background scattering, and were
vacuum tight.

The neutron diffraction experiments were per-
formed at Kernforschungszentrum Karlsruhe (FR2,
Project 14, Ref. [6]). The heating device described
in Ref. [7] was improved by an electronic tem-
perature control unit. The neutron wavelength used
during the experiments was 1.16 A. The investiga-
tion of the melts was done at temperatures of about
20 °C above the corresponding liquidus temperature
(for the phase diagram see [8]) using the trans-
mission method in the angle-region 5° <20 <118°
corresponding to 0.5 A-1 < ¢ =<9.3 A-1 using a step
width of A4 (260) =0.25°. In the average 3000 counts/
position were obtained which corresponds to a
relative statistical error of 29,. For the data
reduction the methods described in [7, 9] were used.
The macroscopic densities needed for the evaluation
were taken from [10, 11] for the melts of the pure
components. For the alloys data from [12] were
taken and extrapolated according to the method
described in [9] to the temperature of investigation.
The densities used for the evaluation are given in
Table 1.

3.2. X-Ray Diffraction

The X-ray diffraction experiments in trans-
mission were performed according to the method
described in [13]. Since bismuth is a strong absorber

Table 1. Bi-Mg melts: Temperatures of
investigation and densities.

Bi-con- Temperature D(T)

centration  of investigation

[at%)] T [°C] [g/cm?]
10 585 2.69
20 615 3.72
30 710 4.63
40 850 5.42
50 620 6.38
70 530 7.94
80 460 8.62
90 390 9.30

100 300 9.99
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for X-rays, thin specimens were required. On the
other hand, the specimens became more brittle
with increasing Bi-content. Therefore the prepara-
tion, i.e. machining by rolling was only possible for
Bi-contents up to 30 at9, Bi.

4. Results

4.1. Neutron Diffraction

4.1.1. Intensity Curves

Fig. 2 shows the coherently scattered intensity
Icon(g). The temperatures of investigation for the

specimens with different concentrations are tabu-
lated in Table 1.

4.1.2. Pair Correlation Functions

The pair correlation functions calculated accord-
ing to Egs. (5) and (7) from the intensity curves in
Fig. 2 are plotted for the different concentrations
versus the interatomic distance r in Figure 3.
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Fig. 2. Mg-Bisystem: Intensity curves (neutron diffraction).
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Fig. 3. Mg-Bi system: Pair correlation curves (neutron
diffraction).

4.1.3. Radius 7! of the First Coordination
Sphere

From the pair correlation functions shown in
Fig. 3 the distance rI of nearest neighbours was
taken. Figure 4 shows the concentration depen-
dency of this distance. The rI-value for pure
magnesium was taken from [14]. For all com-
positions 7! clearly lies below the curve (dashed) for
a melt with statistical distribution of both kinds of
atoms, which follows according to [15] from

CATI bA+CBTBbB

| (A
g e el
caba +cpbs
with 7§ p nearest neighbour distance in the pure
melt of A, B, respectively.
The minimum value of the rI(c)-curve lies at the
concentration corresponding to MgsBis.

9)

4.1.4. Measured Coordination Number NI

The area below the first maximum of the atomic
distribution function 4 (r) was determined by taking
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Fig. 4. Mg-Bi system: Measured radius »I of the first
coordination sphere (neutron diffraction).

twice the area of the peak in the g-region between
the low ¢ side minimum and the maximum of the
main peak. This area corresponds to the measured
coordination number NI which is plotted versus the
concentration in Figure 5. For all compositions NT
clearly lies below the curve (dashed) for a melt with
statistical distribution, which follows from

NISt_chN£+cBN}3 (10)

with N} g coordination number in the pure melt
of A, B, respectively.

As in the case of rI, the minimum value of the
NI(c)-curve lies at the concentration corresponding
to MgsBiz and is rather pronounced.

4.2. X-Ray Diffraction

In Fig. 6 the coherently scattered intensities for
the melts containing 10, 20, and 30 at9, Bi are
shown.
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Fig. 5. Mg-Bi system: Measured coordination number NI
of the first coordination sphere (neutron diffraction).
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Fig. 6. Mg-Bi system: Intensity curves (X-ray diffraction).

5. Discussion

5.1. Classification of the Melts

Binary metallic melts can be classified into three
types, namely melts with statistical distribution of
the atoms of both species, melts with segregation
tendency, and melts with tendency to compound
formation. From the run of the measured coordina-
tion number NTin Fig. 5 as well as from the run of
the measured nearest neighbour distance 7I in
Fig. 4 according to [16] follows that the Mg-Bi melts
belong to the compound forming class. The most
pronounced deviation from the statistical distribu-
tion occurs at the concentration of the correspond-
ing solid intermetallic compound Mg3Bis. In this
connection one remark should be done concerning
the influence of the temperature on the concentra-
tion dependency of the measured coordination
number : With rising temperature the melts approach
statistical distribution of the atoms of both kinds
and therefore a coordination number of approxi-
mately 10. In Fig. 5 the lowest value was obtained
at the highest temperature. Thus indead very strong
compound forming forces must be present in these
melts. The nearest neighbour distance also becomes
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larger with rising temperature. In Fig. 4 the lowest
value was obtained at the highest temperature, and
we conclude also from this fact very strong com-
pound forming tendency.

5.2. Interpretation of the Premaximum
in the Intensity Curve

The intensity curves in Fig. 6 were obtained
using X-rays and show, in distinction to the neutron
curves of Fig. 2, a pronounced additional maximum
at =~ 1.6 A-1whose height is strongly concentration
dependent and even higher than the main maximum
at g~2.5 A-1 in the case of 20 and 30 at9%, Bi,
respectively. This additional maximum is designed
as premaximum. In the intensity-curves of Fig. 2,
obtained by neutron diffraction, this feature is only
indicated as a shoulder at the low g-part of the main
maximum. The strongest indication is observed for
the melt containing 40 at, Bi. Since up to now
thin samples convenient for X-ray diffraction
experiments could not be prepared from alloys
containing more than 30 at9%, Bi, a comparison
between X-ray and neutron structure factors S%(q)
and S”(q) is done in Fig. 7 for the melt containing
30 at9, Bi.

As suggested in [17] a premaximum can be
described as modulation of the monotonic Laue
scattering which is caused by short range order. In
[18] a quantitative description was given on this
subject, which finally resulted in the equation

(ba — bgp)?
<by?

[ZV" isinqri]
. VP = .

=y gri

STAIS (9) = cacn
(11)
In this equation, ST (¢) represents the contribution
of the premaximum to the structure factor in
Figure 7. ri means the radius of the ith coordination
sphere, which contains N atoms. The short range
order is described by the short range order param-
eter ! of the ith sphere (see [18]).

As can be seen from (12), the nature of the
radiation used for a scattering experiment deter-
mines the amplitude of the modulation via the
factor containing the scattering lengths.

According to [9] it can be shown that the heights
of the premaxima near ¢—=1.6 A-1 in the X-ray-
and in the neutron-curve in Fig. 7 show a ratio
corresponding to
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Fig. 7. Mg-Bi melt with 30 at9, Bi: Total structure factors.
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b7)?

This fact means indeed a proof for the correctness
of the interpretation of these premaxima as being
caused by the modulation of monotonic Laue
scattering. Concerning the quantitative evaluation
of the premaxima which leads to the determination
of the short range order parameter for the melt
containing 30 at9%, Bi, cf. [19].

(b3 — by)? /

5.3. Shoulder on the Main Maximum
of the Intensity Curve

The intensity curve of pure molten Bi shows the
run usually obtained for molten metals however
with an additional shoulder on the high g¢-value
side of the first maximum as frequently observed
[15, 20, 21], which indicates the presence of Bi-
tetrahedra in pure molten Bi [15]. The addition of
Mg up to 20 at9, yields no significant change in the
shape of the intensity curves of Fig. 2 except a
slight shift of the position of the first maximum to
higher g-values. This shift is continued with rising
Mg-content up to the value of pure Mg (g =2.43 A-1
according to [22]).

The intensity curve of the Mg-Bi melt with
70 at%, Bi shows on the higher ¢ side of the first
maximum a broad shoulder the height of which rises
compared to that of the first maximum with decreas-
ing Bi-content. This shoulder is most pronounced
for 40 at%, Bi. From the concentration behaviour
of the relative height of this shoulder it can be
concluded that this shoulder is caused by another
atomic configuration than the shoulder observed in
the pure Bi-melt.
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The shoulder under consideration does not occur
in the structure factor curves of Fig. 7 obtained
with the melt containing 30 at9%, Bi, but only seems
to contribute to a certain broadening of the main
maximum.

At the moment it is not possible to evaluate the
origin of the shoulder, i.e. to decide whether the
shoulder must be ascribed to the modulation of
monotonic Laue scattering or not. Anyhow, from
the fact, that the shoulder is most pronounced with
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pound formation.
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