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X-ray diffraction was done with molten Fe6 6 7Si33 3 and molten Fe3 3 3Si66 7 . The coordination 
numbers versus the concentration lie above the connection line between the coordination numbers 
of the unalloyed molten elements Fe and Si, respectively, which means a tendency for microsegrega-
tion. The pair correlation function of molten Fe66 7Si33 3 was modeled using the data of crystalline 
Fe2Si. At the same time, the pair correlation function of the molten alloy Fe33 3Si66 7 can be modeled 
using the data of the corresponding crystalline alloy. Thus for molten Fe3 3 3Si66 7 microsegregation 
into FeSi2 and Si or FeSi and for molten Fe6 6 7Si33 3 microsegregation into Fe2Si and Fe or FeSi 
exists. 

1. Introduction 

In previous papers we showed for Fe-B- [1], Ni-B-
[2], Mn-Si- [3], and Ni-P- [4] melts that the second 
peak of a structure factor and /or of a pair correlat ion 
function obtained from a melt shows a splitting up 
or a shoulder if the corresponding melt yields an 
a m o r p h o u s alloy during rapid solidification. The pres-
ent paper is concerned with a s tructure investigation 
of two molten Fe-Si-alloys, namely F e 6 6 7 Si 3 3 3 and 
F e 3 3 3 Si 6 6 7 . As described in [4] the s t ructure factors 
5(Q) had to be Fourier- t ransformed to obtain a G(R)-
function to which then was given the shape of 
G(R)= —4n R q0 for .R-values smaller than the hard 
sphere diameter. Back transformation into the Q-space 
yielded the corrected run S'(Q) which oscillates prop-
erly a round unity. 

2. Theoretical Fundamentals 

Concerning the fundamenta ls we refer for example 
to [4]. 

3. Experimental 

I ron (99.999%) and silicon (99.99%) were alloyed 
by induction heating and cast as discs with a diameter 
of 35 mm. The surface of the discs was grinded and the 
lower side was plain-grinded to yield good thermal 
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contact to the crucible. The diffraction experiments 
within the 9-6 goniometer were done in 5 m b a r He-at-
mosphere. F o r F e 6 6 7 Si 3 3 3 a Th0 2 - c ruc ib l e and for 
the F e 3 3 3 Si 6 6 7-melt a BN-crucible was used. The 
Th0 2 -c ruc ib le was mechanically stabilized by a molyb-
denum sheet bound tightly along the circumference. 

4. Results and Discussion 

4.1. Molten Fe66 -jSi33 3 at 1250°C 

Figure 1, upper curves, show the Faber Ziman 
s t ructure factor as obtained f rom the experimental 
da ta as solid line and the backtransformed structure 
factor S '(Q) as broken line. The first peak lies at 
3.02 Ä - 1 with a height of 2.92. The second peak lies at 
5.32 Ä - 1 (height 1.3) with a shoulder at 5.82 Ä " 1 . The 
third m a x i m u m lies at 8.26 Ä - 1 and shows nearly the 
same width as the second one. All numerical da ta f rom 
the s t ructure factor are compiled in Table 1. Mol ten 
F e 7 0 S i 3 0 at 50°C above liquidus was also investigated 
in [5] and showed the same position of the first peak 
but with 2.3 a lower height compared to that observed 
in the present paper. On the other hand, in [6] Fe 8 0 Si 2 0 -
and Fe 6 0 Si 4 0 -mel t s were investigated at 1 550°C, i.e. 
200 °C above liquidus. The following data for posi-
tion, height, and width of the first peak were reported 
[6] for molten F e 8 0 S i 2 0 : 3.00 k ' 1 ; 2.77 k ~ l ; 0.65 Ä ~ 1 

and for molten F e 6 0 S i 4 0 : 2.93 Ä" 2.70 Ä - 1 : and 
0.7 Ä " 1 . Higher temperatures yield lower and broader 
pr imary peaks. Fur thermore , a slight shift to smaller 
^ -va lues corresponding to larger distances can be ob-
served with increasing temperature. Thus good accor-
dance is achieved with the present da ta and those f rom 
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Fig. 1. Faber Ziman structure factors; X-ray diffraction; 
as obtained (S(Q)) (Mo-Ka). corrected (S'(ß)). 

Upper curves: Molten Fe66 7Si33 3: 1250°C. Lower curves: 
Molten Fe33 3Si66 7 ; 1262CC. 

[5], whereas between [5] and [6] there exist discrepan-
cies. 

Figure 2 shows with full line the pair correlat ion 
function obtained with molten F e 6 6 7 Si 3 3 3 . The 
shortest distance amounts to 2.52 Ä with 12.7 nearest 
neighbours. The second peak lies at 4.55 Ä with a 
small shoulder at 4.96 Ä. Table 2 contains all numeri-
cal da ta f rom the pair correlation functions. 

Table 1. Structure factors; peak positions, peak heights, 
widths at half maximum for molten Fe66 7Si33 3 , molten 
Fe33 3Si66 7 , amorphous Fe30Si70 , and amorphous Fe65Si35 
[7]- ' 

M o l t e n s t a t e A m o r p h o u s s t a t e 

^^66.7^33.3 ^e33.3^166.7 Fe30Si70 F e 6 5 S i 3 5 

1. M a x i m u m 
p o s i t i o n [Ä - 1 ] 3.02 3.15 3.25 3.14 
he igh t 2.92 2.10 
w i d t h a t half 0.51 0.77 
m a x i m u m [ Ä ~ ' ] 

2. M a x i m u m 
p o s i t i o n [ Ä " ' ] 5.32 5.72 5.54 5.38 
he igh t 1.30 1.16 
w i d t h a t half 1.50 1.60 
m a x i m u m [ Ä - ' ] 

s h o u l d e r 
p o s i t i o n [Ä _ 1 ] 5.82 - 6.02 6.13 

1. M a x i m u m 
p o s i t i o n [ Ä - ' ] 8 .26 8.39 8.05 
h e i g h t 1.07 1.05 
w i d t h a t half 1.57 1.48 
m a x i m u m [ Ä ~ ' [ I 

4.1.1. C o m p a r i s o n w i t h a m o r p h o u s F e 6 5 S i 3 5 

According to [7], F e ^ ^ _x-alloys can be obta ined 
for all x-values as amorphous films by evapora t ion 
on to a cooled substrate. The product ion of mel tspun 
a m o r p h o u s Fe-Si-alloys is not possible. By means of 
electron diffraction [7], a m o r p h o u s F e 6 5 S i 3 5 was in-
vestigated up to Q = 9 Ä - 1 . The corresponding peak 
positions are presented in Table 1. The accordance be-
tween the structure factor of a m o r p h o u s F e 6 5 S i 3 5 and 
molten F e 6 6 7 Si 3 3 3 is not as good as between amor -
phous N i 8 0 P 2 0 and molten N i 8 1 P 1 9 [4], but also for 
the Fe-Si-alloys a shoulder at the second peak is ob-
served in the a m o r p h o u s as well as in the molten state. 

Table 2. Pair correlation functions; peak positions, half 
widths and coordination numbers for molten Fe66 7Si33 3 
and molten Fe, , ,SL '33.S1-1^.7 • 

AR, [A] 
2, 
K.. [Ä] 
Rn (shoulder) [A] 
ARU [Ä] 
2,, 
Rm 
AR, 

Fe66 7Si33 3 FC33.31 

2.52 2.44 
0.63 0.62 

12.7 10.1 
4.55 4.37 
4.96 -

1.13 0.92 
43.7 27.8 

6.69 6.39 
1.04 1.05 

Si, 
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Fig. 2. Faber Ziman pair correlation functions; Molten 
F e 6 6 . 7 S i 3 3 . 3 ; 1250°C. Molten Fe33 3Si66 7; 1262°C. 
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Table 3. Coordination numbers Z and atomic distances R 
for cubic Fe2Si [8]. The half widths a are larger than those 
given in [8], because during modelling the Fe6 6 7Si33 3 with 
the present cr-values optimum coincidence between experi-
ment and model could be achieved. 

Fig. 3. Faber Ziman pair correlation functions; G { ( R ) 
from molten Fe6 6 .7Si33.3; 1250°C. G m o d ( R ) from crys-
talline Fe2Si using half widths o from Table 3. 

4.1.2. C o m p a r i s o n w i t h c r y s t a l l i n e Fe2Si 

The compar i son between the molten and the crys-
talline state is of special interest in the case of the 
F e 6 6 7 Si 3 3 3-melt since crystalline Fe2Si is only stable 
at high tempera tures [8]. The elementary cell shows 
CsCl-s t ructure with a lattice constant of 2.81 Ä. The 
modell ing of the first and second peak of G(R) in 
Fig. 3 was done according to the method described in 
[4] using da ta given in Table 3. In Fig. 3 the posit ion 
of the first peak shows agreement between the experi-
menta l and modelled curve. The second peak shows 
ra ther large differences between the experimental and 
modelled curve. These are caused by a smaller b road-
ening of the higher correlations as given by (9) in [4], 
The width of the single correlations is given in Table 3, 
four th column. 

4.2. Molten Fe33 3Si66 7 at 1262°C 

Figure 1, lower curve, shows the total Faber Z iman 
s t ructure factor of molten F e 3 3 3 Si 6 6 7 , and Table 1 
the cor responding data . The first peak lies at higher 
Q-values than for F e 6 6 7 Si 3 3 3 . At low Q-values a so-
called prepeak is indicated which points according to 
[9] to c o m p o u n d format ion within the molten state. 
The second peak shows no shoulder but a slight asym-

Coordination R [ k ] a [A] 

4 
2 
1 
4.5 
2.67 
2 
9 
5.33 

12 
6 
1.33 
6 
3.56 
1 
4.5 
2.67 

12 
6 
4 

18 
10.67 
4 

10.67 
10 

2.47 
2.47 
2.86 
2.86 
2.86 
4.04 
4.04 
4.04 
4.73 
4.73 
4.96 
4.96 
4.96 
5.72 
5.72 
5.72 
6.23 
6.23 
6.39 
6.39 
6.39 
7.00 
7.00 
7.00 

0.41 
0.41 
0.57 
0.57 
0.57 
0.79 
0.79 
0.79 
0.85 
0.85 
0.89 
0.89 
0.89 
0.99 
0.99 
0.99 
1.05 
1.05 
1.05 
1.07 
1.07 
1.07 
1.10 
1.10 

metry. It lies, as the first and third peak, at higher 
Q-values than the corresponding peaks of F e 6 6 7 Si 3 3 3 . 
In [10] a melt with the same alloy composi t ion was 
investigated using M o - K a radiat ion at a temperature 
which was 22 °C lower than in the present case. In [10] 
the first peak was observed at the higher Q-value of 
3.3 Ä " l . The peak posi t ion of the first peak of the pair 
correlat ion function, however, is with 2.45 Ä [10] the 
same as in the present paper (2.44 Ä). The same stands 
for the coordina t ion number : 9.7 in [10] compared to 
10.1 in the present paper . 

Figure 2 shows the pair correlat ion function for 
molten F e 3 3 3 Si 6 6 7 as b roken line. The distances are 
th roughout smaller t han for molten F e 6 6 7 Si 3 3 3 , and 
no shoulder at the second peak is visible. 

4.2.1. C o m p a r i s o n w i t h a m o r p h o u s F e 3 0 S i 7 0 

Table 1 contains the da t a f rom the s tructure factors 
of the F e 6 6 7 Si 3 3 3- an d the F e 3 3 3 S i 6 6 7-melt besides 
those of a m o r p h o u s F e 6 5 S i 3 5 [7] and a m o r p h o u s 
F e 3 0 S i 7 0 [7]. The posi t ion of the first peak of the 
Fe 3 3 3 S i 6 6 7-melt lies at smaller Q (3.15 Ä"*) than that 
of a m o r p h o u s F e 3 0 S i 7 0 (3.25 Ä" 1 ) . 
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Fig. 4. Faber Ziman pair correlation functions; 
from molten Fe 
FeSi2 

G t ( R ) 

33.3 66.7 G m o d ( R ) from crystalline 

Table 4. Coordination numbers Z and atomic distances R as 
determined from tetragonal FeSi2 [13] for the calculation of 
G m o d ( R ) . The cx-values led to an optimum coincidence be-
tween experiment and model. 

Coordination Z R [ k ] <x[A] 

^FeSi 8 2.47 0.65 
Zsisi 1 2.47 0.65 
^FeFe 4 2.82 0.90 
7 •̂ SiSi 4 2.82 0.90 
^SiSi 1 2.91 0.57 
Zgjsj 4 3.75 0.65 
^FeFe 4 3.99 0.67 
Zgisi 4 3.99 0.67 
Z§isi 4 4.05 0.67 
^FeSi 8 4.41 0.70 
^FeSi 16 4.68 0.80 
•̂ SiSi 2 5.39 0.90 
•̂ FeFe 2 5.39 0.97 
^SiSi 4 5.64 0.97 
^FeFe 4 5.64 0.97 
^FeSi 16 5.94 0.97 
Z$jsj 8 6.08 1.00 
^FeFe 8 6.08 1.00 
Z§isi 4 6.15 1.03 
^FeFe 8 6.30 1.07 
Zsisi 8 6.30 1.07 
Zsisi 4 6.39 1.07 

For the Fe^-S^ _x-melts the second peaks of the 
structure factor and of the pair correlat ion funct ion 
show only weak shoulders for x = 66.7 and only slight 
asymmetries for x = 33.3. Thus these effects are smaller 
than for molten N i 8 1 P 1 9 [4] or molten F e 8 0 B 2 0 [1]. If 
we regard the fact that a m o r p h o u s F e ^ - S i ^ ^ speci-
mens can only be produced by evapora t ion as thin 
films, whereas N i 8 1 P 1 9 [11] and F e 8 0 B 2 0 [12] can be 
produced by melt-spinning as thick a m o r p h o u s rib-
bons, the conclusion may be allowed that a shoulder 
or an asymmetry in the second peak of the s t ructure 
factor or the pair correlat ion funct ion depend on the 
difficulties which may arise dur ing the product ion of 
a m o r p h o u s specimens f rom the melt. 

4.2.2. C o m p a r i s o n w i t h c r y s t a l l i n e FeSi2 

Table 4 contains the distances and coordina t ion 
numbers as obtained f rom te t ragonal FeSi2 (a = 
2.684 Ä, c = 5.128 Ä) together with the <r-values as 
used to calculate Gmod(R). This funct ion is given as 
broken line in Fig. 4 together with Gtot{R) for molten 
Fe33.3Si66.7- The first peaks of Gtol{R) and Gmod(R) 
coincide concerning the peak height and the posit ion 
of the middle of the peak width at half maximum. The 
peak position of Gmod{R), however, is shifted to a 
larger Q value. The coordinat ion n u m b e r amoun t s to 

10.1 for the melt and to 10.6 for the model. The posi-
tion of the second peak is the same in bo th cases but 
the width of the broken line is smaller. The coordina-
tion number amounts to 26.8 a toms in the model 
compared to 27.8 a toms in the melt. Thus the agree-
ment in the first two peaks for the melt and the corre-
sponding crystalline state is rather good. This agree-
ment means that in the region of the nearest neighbours 
the chemical interaction between the a toms is nearly 
the same, independent of whether one regards the 
molten or the corresponding crystalline state. 

5. Type of the Fe-Si-melts 

Figure 5 shows the coordinat ion numbers for 
molten F e 3 3 3 Si 6 6 7 and F e 6 6 7 Si 3 3 3 versus the Fe-
concentrat ion together with the coordinat ion number 
for unalloyed Fe. The coordinat ion number for solid 
Si amoun t s to 4. The coordinat ion number for molten 
Si is not known. If we assume this coordina t ion num-
ber to be between 4 and 8, all the straight connect ion 
lines between ZSi and Z F e lie within the hatched re-
gion, and anyhow below the coordinat ion numbers of 
the Fe-Si-melts. According to [9] this means segrega-
tion tendency. Together with the similarity of the G{R)-
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Fig. 5. Fe-Si melts; Coordination numbers versus concentra-
tion. 

curves of the Fe-Si-melts with their corresponding crys-
talline structures, this means for molten F e 3 3 3 Si 6 6 7 

microsegregation into FeSi2 and Si or FeSi, and for 
molten F e 6 6 7 Si 3 3 3 microsegregation into Fe 2 Si and 
Fe or FeSi. 

6. Summary 

X-ray diffraction was done, using a d-6 diffractome-
ter, with the two melts F e 6 6 7 Si 3 3 3- and F e 3 3 3 Si 6 6 7 . 
One finds a slight shoulder at the second peak of the 
structure factor and the pair correlat ion funct ion of 
the F e 6 6 7 Si 3 3 3-melt, whereas with the F e 3 3 3 Si 6 6 7-
melt only an asymmetry can be observed. The coinci-
dence in the total pair correlat ion funct ions of amor -
phous F e 6 5 S i 3 5 and molten F e 6 6 7 Si 3 3 3 is not so good 
as in the case of Ni-P-alloys, whereas a good accor-
dance is observed in the first two peaks of G{R), if 
obtained f rom the melt or modeled using the da t a of 
crystalline Fe2Si. 

The structure factor of molten F e 3 3 6 6 7 shows 
an indication of a prepeak which means c o m p o u n d 
format ion within this melt. In the two first peaks of the 
total pair correlation function of the melt compared to 
that modeled using the da ta of crystalline FeSi 2 there 
is good agreement. 

The concentrat ion dependence of the coord ina t ion 
numbers shows that in bo th melts microsegregation 
occurs. 
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