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Stacking Faults and Two New Modifications of the Laves Phase
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A ternary Laves phase, having a composition of approximately MgCuAl, was examined by the X-ray
method. Diffuse scattering and superstructure reflections were observed between strong reflections
due to Cy, (2-layer type) and Cg¢ (4-layer type).

Two new types of modification were found from the superstructure reflections; one is expressed by
a rhombohedral 9-layer sequence such as AB’ABC’BCA’C or its reverse structure A’CA’C’BC'B’AB’,
with a unit cell @,=12:97 A, x =22° 50’, which corresponds to a hexagonal unit cell with ay =514,
¢o=317-89 A. The other type is expressed by a hexagonal 5-layer sequence such as ABCAB’ or its
reverse structure AB’A’'C’'B’, with a,=5'14, ¢,=21-05 A. Layer symbols 4 and A4’ used here
denote two kinds of puckered close-packed layers sandwiched between kagomé nets.

General features of X-ray diffuse scattering observed are satisfactorily explained by a mixture
of 9-layer sequences with stacking faults and disordered stacking of two 5-layer sequences. An
extension of a theory developed by Kakinoki & Komura for the case of close-packed structures

is applied.

1. Introduction

Binary intermetallic compounds known as ‘Laves
phases’ are reported to have the following three
closely related structures: (1) The Ci4 structure,
typified by the hexagonal phase MgZns, (2) the Cis
structure, typified by the cubic phase MgCus and
(3) the Css structure, typified by the hexagonal phase
MgNis. The close relationship among these structures
can be easily understood from a few good reviews
(Raynor, 1949; Berry & Raynor, 1953). However,
the construction of these structures will be explained
in a later section more precisely based upon stacking
of layers.

Laves & Witte (1936) investigated alloys lying along
a section MgCus—MgAl: to see the effect of changing
the electron/atom ratio. When copper is replaced by
aluminium, the cubic MgCu: structure extends to
about 1-80 electrons per atom, and is succeeded by
the hexagonal MgNiz structure up to 2-07 electrons
per atom at high temperatures, or 1-88 electrons per
atom at low temperatures. The hexagonal MgZne
structure occurs between 1-88 and 2-15 electrons per
atom at lower temperatures. Fig. 1 shows the schematic

diagram of the structural change in these alloys.
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Fig. 1. Structural change of Mg—Cu-Al alloys
as a function of electronfatom ratio.

From the inspection of Fig.1l one can expect
stacking faults to occur during the course of crystalliza-
tion in the alloys of the system Mg-Cu-Al whose
electron/atom ratios lie between 1-88 and 2-07, because,
as mentioned above, the stability regions of two of the
fundamental structures overlap at higher and lower
temperatures in this range. In fact X-ray photographs
of the alloys having their composition around this
region showed not only strong reflections due to the
fundamental Ci4 and Cgzs structures, but also diffuse
scattering indicating stacking faults along the hex-
agonal ¢* direction; in addition they showed several
superstructure reflections between main reflections of
Ci4 and Css, which suggests existence of new modifica-
tions.

Methods for calculating X-ray intensities from
crystals with stacking faults have been well established
by several authors (Hendricks & Teller, 1942 ; Wilson,
1942; Jagodzinski, 1949a, b, c, 1954; Kakinoki &
Komura, 1952, 1954a, b) in the case of close-packed
structures.

The purpose of the present paper is to interpret
the diffuse scattering observed in the Laves phase,
MgCuAl, in terms of stacking faults by extending the
method used previously (Kakinoki & Komura, 1954b),
which enabled us to determine, further, the structures
of two new modifications from superstructure reflec-
tions.

2. Experimentals

Alloys were prepared from pure magnesium (99-9%)
and mother alloys which contained 50 at.%, of copper
and aluminium. The mother alloys were made in a
kryptol furnace by mixing 99-999% aluminium with
molten electrolytic copper. The composition was
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checked by chemical analysis. They were then fused
with pure magnesium in high alumina crucibles placed
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Fig. 2. 20£ row line in an oscillation photograph
about the ¢ axis.
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Fig. 3. Precession photograph of the A0 net.

in a nichrome furnace at around 900 °C. and were
allowed to cool slowly to room temperature. The
preparation of ingots in vacuum was impossible
because of the sublimation of magnesium, so that a
flux (MgCls, NaCl and KCl mixture) was used in order
to prevent oxidation of the alloys in the course of
melting. Several alloys of Mg-Cu-Al, having their
electron/atom ratios from 1-88 to 207, were made
by melting accurately weighed quantities of mag-
nesium, the mother alloys and, in addition, necessary
amounts of copper and aluminium.

Preliminary X-ray powder photographs showed that
these alloys were fairly homogeneous with no indica-
tion of the presence of any phase due to impurities.
Well developed single crystals of hexagonal plate
shape were found in the blow holes produced acci-
dentally in ingots, Particular samples examined in the
present paper have the electron/atom ratio 2-0 which
corresponds to the chemical formula MgCuAl.
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Laue, oscillation, Weissenberg and precession photo-
graphs were taken by Cu Ka radiation using tiny
fragments cut from single crystals of MgCuAl, their
linear dimensions being around 0-2 mm. An oscillation
photograph about the ¢ axis and a precession photo-
graph about the @ axis are shown in Figs. 2 and 3
as examples. Strong diffuse scattering along c* indicat-
ing stacking faults can be seen easily from these
photographs as we expected. Superstructure reflections
indicating new modifications are also recognized
between main strong reflections which belong to the
fundamental C14 and Cgg structures. Intensity distribu-
tions of diffuse scattering along c* were estimated by
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Figs. 4 and 5. Sketches of microphotometer traces for 10{ and
20{ row lines. Vertical lines shown in the upper part of the
figures indicate the positions of Bragg reflections of the reg-
ular structures.

microphotometer traces. Since peaks or superstructure
reflections were too intense to be estimated along with
diffuse scattering from photometer traces, corrections
were made by visual estimation using standard
wedges. Sketches of these photometer traces for
10 and 20 row lines are given in Figs.4 and 5,
where { is the continuous co-ordinate along c*. Here
the period ¢ is taken for a layer thickness, to be
described in the next section, so that  is fractional
for superstructure reflections.t

3. Analysis of the structures
(@) Description of the structures as layer stacking

In the structure of the Laves phases, there are two
kinds of sheets; one is a denser layer forming kagomé

t More precisely speaking, (s—s,)/A can be expressed in
terms of the basis vectors a*, b*, c* reciprocal to a, b, c, using
&, n, { as continuous co-ordinates:

(s—sg)/A=Ea* + nb* + Lc¥,

where s, and s are unit vectors along the incident and scattered
directions, A the incident wavelength. Since there is no
disturbance in the regular arrangement within a layer, dif-
fracted intensity can be observed only when &=b, 1=k,
h and k being any integer, but { continuous variable. Symbol
hk{ used here has the above meaning.

TWO NEW MODIFICATIONS OF THE LAVES PHASE IN Mg-Cu-Al SYSTEM

(Frank & Kasper, 1959)—a net of triangles and hex-
agons. The other is found between these kagomé
nets, and consists of three triangular nets of magnesium
and other metals stacked together in a close-packed
manner. Fig. 6 shows the ways of stacking these nets,
the distance from kagomé to kagomé being taken as
a unit, while distances from kagomé to each triangular
net are indicated by fractions of the distance between
two kagomé nets. There are two kinds of such stack-
ings, their differences being the location of the
triangular net placed at z=1/2. Let us call these
quadruple layers 4 and A’ respectively (Fig. 6), cor-
responding to A4 and V, in Frank & Kasper’s notation
(1959). Hereafter these quadruple layers will be re-
ferred to as though they were single layers. If the
A and 4’ layers are shifted 1/3 or 2/3 in the [110]
direction of the hexagonal cell, we obtain B and B’,
or C and C’ layers respectively.
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Fig. 6. Six fundamental layers which are constructed by a
kagomé and three triangular nets. Parameter z is taken as
a fraction of the distance between two kagomé sheets.

Referring to Fig. 6 layer form factors 4, 4', B, B/,
C and (' are given by

Va = 2facos §p+fol(— 1)+ (—1)F+(—1)**]

+fogexp (ig/2), ()T

Var= 2facos §p+fol(—1)"+(—1)F+ (- 1)r-*]
+foc* exp (i9/2), (2)T
Ve = Vae*, Vi = Vae*, Vo= Vae, Vor = Vae,
@t

1 For simplicity, two Laue functions regarding a and b
directions in the layer plane are omitted.
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where e=exp (2ni(h—k)/3), phase shift p =25, fa is
the atomic form factor for magnesium and f; that for
smaller atom.

It should be mentioned here that when A—k=3n
(» integral), e=1, hence

Va=Va=Vp=Vp=Vc=Vc.
From this relation we obtain
I(h, h—3n, {)= V%V, sin? aNol/sin2 n{ , 4)

irrespective of any stacking of 4, 4’, B, B’,C and
C’, N, being the number of layers. Equation (4) gives
maxima at {=integer, in agreement with the charac-
teristic features of X-ray photographs. This is the
reason why such layers as shown in Fig. 6 are adopted.

On account of the spatial requirements of large
magnesium atoms, for example, 4 can be followed
only by B and B’, the possible ways of layer stacking
being shown in Table 1.

Table 1. Possible ways of the layer stacking

i i’

B<C B’ 4
A B

o ol
A s B/

Thus the fundamental three structures can be
described as layer sequences. They are: AB’ for
C14-MgZn, structure, ABC for Cis—-MgCuz structure
and AB'A'C for Cs—MgNip structure. We may call
these three structures 2-layer, 3-layer and 4-layer
types, respectively, from the point of view of layer
stacking.

(b) Observed reflections

X-ray photographs of MgCuAl samples examined
show the characteristic features for the row lines
h, h—3n, [ as mentioned before, but rather com-
plicated features for other row lines as can be seen
in Figs. 2 and 3. Strong Bragg reflections along other
row lines are explained by the 4-layer type structure
(2-layer type reflections are included), but several
other superstructure reflections are found on the
same row lines, which suggest the presence of new
modifications.

To each reflection in Figs. 4 and 5 is assigned a
fractional index, {, where the denominator is

true co for this phase/c for one layer ,

and the numerator is the regular Bragg index referred
to the true co. This convention is adopted in order
to count easily the number of layers in the repeating
unit. From the figures one can see that these reflections
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correspond to a mixture of a 9-layer type structure
and a weak 10-layer type structure.

By closer examination of reflections of higher order
in & and k, it is found that these reflections are split
into two groups, in addition to the separation due to
Kx; and Kexe doublets. One of these groups belongs
to the 4-layer type structure, and is not accompanied
with any diffuse scattering along the c¢* direction.
The other group has a somewhat larger unit cell,
and it contains all reflections due to the other modifica-
tions such as 2-layer, 9-layer and 10-layer structures.
Diffuse scattering accompanies this second group.
Lattice constants of these two sub-unit cells were
evaluated as follows:

ao=511, ¢=4-174+0-01 A, for the 4-layer structure,
ao=>5'14, ¢=4-21 +0-01 A, for other modifications,

where ¢ was taken as one layer thickness for the sake
of comparison. From these observations it was con-
cluded that there were at least two different kinds of
crystallites, their corresponding axes being parallel
with each other. One of these has a perfectly regular
4-layer type structure, so that we will omit considera-
tion of this kind hereafter. Since there are several
modifications, the Bragg index ! cannot be used in
common for the different periods of the ¢ axis, and
attention is called to the index { so defined that
identity period for the ¢ direction is one layer in
thickness.

(¢) Structure of the 9-layer sequence

Reflections due to the 9-layer sequence should be
generally found at {=p/9, p being any integer, but
in the present case they are characterized by the
following rules: (1) For h—k=3n (n integral), only
{=0,1, 2, etc., can be found (equation (4)). (2) For
h—k=3n+1, {=3p/9 are not observed. (3) Reflec-
tions including diffuse scattering are symmetrical with
respect to {=0. From these observations the crystal
must be a mixture of equal amounts of two rhombo-
hedral cells, having the same structure but oppositely
oriented. On the other hand it is concluded from
Table 1 that the rhombohedral cells of 9-layer type are
only AB'ABC'BCA'C and A'CA'C'BC'B'AB’. So the
crystal should be a mixture of them.

By using equations (1), (2) and (3) structure factors
of the two rhomhohedral sequences can be expressed
as the following equations:

For AB'ABC'BCA'C
Fi=(1+¢&* exp (13p) + € exp (:6¢))
X (Va+ Vg exp (tp)+ Vaexp (12¢)), (5)
for A’CA'C'BC'B'AB’
Fa=(1+ ¢ exp (¢3¢)+ &* exp (16¢))
(Va+Vcexp (ig)+ Va exp (i2¢)), (6)

in which fy in equations (1) and (2) is taken a mean
of the atomic form factors of copper and aluminium,
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since it is assumed here that copper and aluminium
are randomly distributed among the positions where
smaller atoms should be. Comparisons are made in
Fig. 7 for the observed and calculated intensities of
10§ and 20( reflections as representative examples;
agreements between these values are fairly good.t
Diffuse scattering accompanying these reflections will
be discussed in the next section.
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Fig. 7. Comparison of the observed and calculated intensities
of the 10{ and 20 reflections as a mixture of two regular
9-layer structures AB’ABC'BCA’C and A’CA'C’'BC'B'AR".

ofes

4
9

ol

Reflections located very close to (=2/9 and 7/9
which are measured as 2/10 and 8/10, and the ac-
companying broad maxima at around ¢=3/10, 4/10,
6/10 and 7/10, are designated as a sort of disordered
stacking between two 5-layer sequences of 4BCAB’
and 4B’4'C"B’. The reason for this is that the spacings
of those reflections correspond to a 10-layer sequence
and especially odd multiples of 1/10 of ¢ are rather
diffuse. The detailed discussions will be given in a
later section.

4. Interpretation of diffuse scattering

The diffuse scattering accompanying the Bragg re-
flections is observed extending along the c* direction,
except for A —k=3n, where only sharp reflections are
found at integral values for £. Such a feature of the
diffuse scattering can be interpreted as the effect of
stacking faults. The solution of this problem will be

T Lorentz and polarization corrections do not differ so
greatly from reflection to reflection in the range we consider,
that these corrections are neglected at the present stage.

TWO NEW MODIFICATIONS OF THE LAVES PHASE IN Mg-Cu-Al SYSTEM

given as an improvement of the matrix method
(Kakinoki & Komura, 1954b) which has been applied
to the case of close-packed structures.

(@) 9-layer sequence with stacking faults

Intensity distributions of the diffuse scattering
along ¢* have maxima at positions corresponding to
the 9-layer structure. These broad maxima extend to
maxima corresponding to the 2-layer structure, so
that let us consider first the stacking faults of the
9-layer sequence which is mixed slightly with the
2-layer structure during the course of crystallization.
Many authors call this sort of disorder the growth fault.
In order to make up a P matrix such as shown in
equation (7), three layers are coupled so that the
9-layer and 2-layer structures may be found for
extreme cases.

P =
AB'A A'CA' BC'B B'AB'CA'C C'BC’
1-6 6 7

in which the si-element indicates the probability of
finding the layer of ¢-kind after that of s-kind, and
blank positions of this matrix are all zero which means,
for instance, 4B’4 layer can not be followed by any-
one of the other layers except for BC'B and B'AB’
layers as seen from Table 1. An extreme case when
0=0 corresponds to the mixture of the two regular
9-layer structures

AB'ABC’'BCA'C and A'CA'C'BC'B'AB’.

On the other hand when d=1, the regular 2-layer
structure AB'4B’AB’ ... (which is equivalent to the
structure 4'CA4A'CA’'C ...) is obtained. In this sense
we may call é a stacking fault probability of 9-layer
sequence.

The general intensity equation for X-rays diffracted
by a disordered crystal can be given by (Kakinoki &
Komura, 1952, 1954b)

N1
I=N spur VF+ X (N —m) spur VFP™ exp (—ime)
m=1
&)

where V and F matrices are in this case as follows:

vV e*v  gv * *
V=( v v e*v), V=(V1 Vi V¢ V2>' )

+ conjugate,

eV v v ViVL VEVe

T The diffracted intensity I is measured in electron unit.



YUKITOMO KOMURA

w 0 0 0
F=%<0w 0), w=<w6 > (10)
0 0w we
Here, V; and V; are the layer form factors of coupled
three layers of 4B’A and A’CA’ respectively, so that
their expressions are derived from equations (1), (2)

and (3) as

Vi=Va+ Vs exp (ip)+ Vaexp (12¢)

=Va+Vae*exp (ip)+Vaexp (i2¢), (11)
Vo=Va+Vcexp (ip)+ Va exp (12¢)
=Va+Vacexp (ip)+Vaexp (:2¢). (12)

In equation (10), the F matrix is expressed in the
same way as in the close-packed structure, jw: and
lws being the probabilities of finding coupled layers
of AB’A and A’CA’ at any jth layer respectively.
Since the layers having their origins at (0, 0,0),
(3, %,0) and (4, &, 0) can be thought as equivalent to
each other, the F matrix is divided by the three
identical minor matrices, as shown in equation (10).
In the case of growth fault w; and we can be taken
as equal; i.e., w3 =wz =7} unless §=0. The phase shift
due to a coupled layer was taken as three times that
of a single layer. The P matrix may be put in an
abbreviated form as follows:
_(1—=¢6 ¢
p= ( 0 0 )

/0 p P
P={p 0 p}, where . (13)
pp o ,_ {0 0
P=15 1-9¢

It can easily be shown that spur VFP™ can be
reduced to a rather simpler form when V,F, P are
substituted by equations (9), (10) and (13), as follows:

spur VFP™
;v e*tv egv\ /w 0 0\ /0 p p\™
=»};spur(sv A4 s*v)(Ow O) (p’ 0 p)
v gv v/ \0 Ow/ \p p' O

=spur VW (&p + ¢*p’)™. (14)

When the matrix (ep+ &*p’) is diagonalized, then
spur vw (¢p+ e*p’)™ can be written as

s
spur vw (ep + e*p’)m = e, 2y, (15)
r=1

where z,’s are the elements of the diagonalized matrix
of (ep+ e*p’). Hence, z,’s can be obtained by solving
the following characteristic equation,

’ 1- -
det (ep-+e*p’ —a1) = | % 8535 xa*(l.s—aé)—x

=0.

(16)
Also ¢,’s in equation (15) are obtained by solving the
following simultaneous equations:
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c1+co=spur vw=§(V¥V1+ V§Vs)
2161+ X2 =Spur vw (ep + £*p’)
=3{e(1—O)VFVi+ e*oVIVat edVEVy
+eHl—8) VIV, (17)

where w is taken as wi=ws=} as mentioned before.
Thus the intensity formula (8) can be written more
simply by the use of the above relationships as follows:

N
I= (N2)(V¥Vi+VEVe)+ 2 (N —m)
m=1

2
x exp (—tm3¢p) X ¢, 2+ conjugate, (18)
v=1

where N is the number of coupled layers in the crystal,
hence 3N =N,.

Thus the results obtained from equation (18) are
summarized as follows:

(1) For h—k=3n,

I=V*V sin2 N}g/sin? ¢ , (19)

where

V="Vi=Vs=(1+exp (ip)+exp (i2¢))
% {2fa cos §p+fol(— 1)+ (—1)r+(=1)*7]
+fo exp (ig[2)} .

This means that neither diffuse scattering nor Bragg
reflection can be observed along c* except for reflec-
tions at ¢=2np, p being any integer. This equation
is the same as equation (4) and agrees with the
observation.

(2) For h—k=3ntl,

summation of the intensity equation (18) can be
carried out when z,’s and ¢,’s are evaluated from
equations (16) and (17). It is the sum of two terms
which are expressed as

where I=ND+H, (20)
_ %, exp (—i39) .
D —-%‘ c,,+2ﬂ,'c, —a,exp (—i30) + conjugate,
and
Nl . Do) — o
I =267x, exp (—#3(N+1)p) : x, exp (—i3¢)
” (1—z, exp (—3¢))?

+ conjugate.

We call the first term the diffuse term and the second
the higher term. In general |z,| < 1; therefore the higher
term is negligible compared with the diffuse term since
N is supposed to be very large.

The final formula for the diffuse term can be
given by

01— {2ViVi+ e*ViVet V¥ Vi+2VEVe
_ +2U, cos 3¢ —2U,; sin 3¢}
T 1-28+582+4(1—95)2xcos 3¢

+4(1—-20) cos? 3¢

D @1)
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where U, and U; are the real and imaginary parts of
(—eVi+ ¥ Vo) (VF— V¥) respectively. Intensity distri-
butions along c* are calculated by equation (21), and
they are shown in Figs. 8 and 9 for 10{ and 20{ up
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Figs. 8 and 9. Calculated intensity distributions along 105 and
20¢ row lines for the 9-layer structure with stacking faults,
6 being the stacking fault probability. (a) 6=0-1. (b) §=0-2.
(¢) 6=0-3.

TWO NEW MODIFICATIONS OF THE LAVES PHASE IN Mg-Cu-Al SYSTEM

to {=1 at various values of the stacking fault prob-
ability, d.1

(b) Disordered stacking of two 5-layer sequences

There are only two kinds of regular 5-layer sequences
which can be constructed by the stacking of layers
4,B,C,A’, B’ and (' if we obey the rule mentioned
in Table 1. These are A BCA B’ and its reverse structure
AB'A'C’'B’. X-ray intensity formula due to the dis-
ordered stacking of these two structures is quite
analogous with the example dealt with in the previous
paper (refer to equation (42) of Kakinoki & Komura,
1952).

Thus derived intensity formula is

I=3HV¥+VE)(V1+Vs) (sin2 N'3
+ H(VE—VE) (Va— Vo) {N'(1 —a2)/(1+ 22— 22 cos o)
-+ higher term}, (22)

where 5N'=Ny, x= — (1 —24«), and « is the stacking
fault probability of the sequence

ABCAB'—AB'A'C’'B'— ABCAB'—

@/sin §p)

10¢

LA__[_JLL (@)

I A[ ®)

L

0%

(@)

i

!7 T T T T T T /|¥
120 160 200 240 280 320 360°
@

LA
(b)

0° 40 80

Fig. 10. Calculated intensity distributions along 10{ and
20¢ row lines for the disordered stacking of two 5-layer
sequences, « being the stacking fault probability. (a) x=0-1.
b) x=0-2.

t There is another way to calculate the diffuse term of
equation (20) without solving equations (16) and (17). The
idea is to use the relationship between the roots and the
coefficients of the characteristic equation (16). This is par-
ticularly useful when the order of the characteristic equation
becomes higher. The detail will be discussed in separate paper
(Kakinoki, 1961).
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ie., a=0 for 10-layer structure and x=1 for a
mixture of two 5-layer structures. The higher term

108
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Figs. 11 and 12. Comparison of the observed and calculated in-
tensity distributions of 10{ and 20( row lines. () Observed
curve. Bragg reflections due to the regular 4-layer structure
are omitted in order to avoid unnecessary complication.
(b) Calculated curve for the 9-layer sequence with stacking
fault §=0'1. (¢) Calculated curve for the disordered stack-
ing of two 5-layer sequences with x=0-2.
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in equation (22) can be neglected unless « is very
close to zero. Vi and Vs are expressed in this case
as follows:

Vi=Va+Vpexp (ip)+ Ve exp (i2¢)

+Vaiexp (13¢)+ Ve exp (i4p), (23)
Vo=Va+ Vg exp (ip)+ Var exp (i2¢)
+ Ve exp (13p)+ Ve exp (idp) . (24)

When h—k=3n, Vi="Vs, hence equation (22) turns
to equation (4). Intensity distributions along 10{ and
20¢ calculated from equation (22) are plotted in Fig.10
for «=0-1 and 0-2. In these figures thick vertical
lines show Laue functions in equation (22) in a
somewhat arbitrary scale, because no information is
available for the number of layers N’, but this number
cannot be large since the observed reflections of
£=4/10 and 6/10 are rather diffuse.

Figs. 11 and 12 show comparisons between the
observed and calculated intensity distributions. The
calculated curves due to 9-layer sequence with stacking
faults and the disordered stacking of two 5-layer
sequences are drawn separately for convenience’ sake
in these figures as curves (b) and (c) respectively.
The ratio of the contribution of both structures is
adjusted, so that observed intensity may be compared
directly with the calculated curves. Qualitative agree-
ments between observed and calculated intensity
distributions are satisfactory when the stacking fault
parameters are taken as d=0-1 for 9-layer sequence
and x=0-2 for 5-layer sequences.

5. Discussion

Two new modifications having rhombohedral 9-layer
(a0=12-97 A, x=22°50', hexagonal lattice constants
ao=>514, co=37-89 A) and hexagonal 5-layer (@o=5.14,
c0=21-05 A) sequences were found in the ternary
Laves phase of MgCuAl in addition to the regular
4-layer structure. Fig. 13 shows these new structures
based on the hexagonal cell, in which large white
circles indicate the positions of magnesium atoms and
small black circles show other metal positions. Diffuse
scattering was also observed and satisfactorily inter-
preted as due to stacking faults related to two kinds
of 9-layer sequences and due to the disordered stacking
between two 5-layer sequences. Regarding the inten-
sity distribution the theory of X-ray diffraction
applied to close-packed structures was extended to
the case in which there were two sets of layers,
(4,B,0C) and (4, B, C’). In this calculation an
essential factor is how to combine these six layers
to construet Vi and V.. For instance, the 2-layer
structure is by no means obtained from any other
combinations for Vi and V. than those given in
equations (11) and (12). With respect to this point
a discussion will be made in a separate paper.
Many trials were needed in order to get the final
result because the observed intensity distributions
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Fig. 13. The structure of two new modifications of the Laves
phase, MgCuAl. (a) 5-layer type, ABCAB’. (b) 9-layer type,
AB’ABC’'BCA’C.

were so complicated that they could not be explained
without considering the sample as a mixture of several-
kinds of crystallites with different structures men-
tioned above. The values of §=0-1 and x =0-2 may
have some allowance as can be inferred from the fact
that other samples having approximately the same
composition show a little different intensity distribu-
tion, as well as from the fact that there are still, in
the present sample, slight discrepancies between
observed and calculated intensity distribution. How-
ever, the results that faults are found among such
kinds of coupled layers as shown in equation (7) and
that the disorder occurred hetween V; and V3 in
equations (23) and (24) will not be changed.

There still remains a possibility of explaining the
whole intensity distribution by an unified model in
which the two modifications are combined. In this

TWO NEW MODIFICATIONS OF THE LAVES PHASE IN Mg-Cu-Al SYSTEM

connection, the idea of the Fourier transformation of
a diffuse line (Kakinoki, 1961) may be a helpful
approach. Moreover, a sort of modulated structure
similar to the case of the Cu—Ni-Fe alloys (Hargreaves,
1951) may occur in the present alloy too. But even
so, other models which may be obtained cannot differ
greatly from the model given here.

Considering complexity of the obtained structures
there may be some other modifications even for the
samples having approximately the same composition
but it needs many more experiments to find out and
confirm all possible modifications.

In the present paper no attention has been paid to
the ordering of copper and aluminium atoms. It is
possible to treat the effect of ordering, but very
accurate estimates of the intensities of reflections
should be required, and the experimental difficulties
would be great. An attempt is in progress to control
the degree of stacking faults by means of annealing
the alloys in order to elucidate the nature of the
stacking faults. Ordering of the copper and aluminium
atoms might be discovered in the process of such
experiments.
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