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In the pseudo-binary systems MgNi2-MgZn2 four new stacking variants were found in the mixed 
region of Ca6 and Cls and of C15 and C14 in the phase diagram given by Lieser, K. H. & Witte, H. (Z. 
Metallk. (1952) 43, 396). These four stacking variants are isomorphous with the ones found in the 
systems MgCu2-MgNi2 and MgCu2-MgZn2. Homogeneity ranges of the various stacking variants 
among above three systems were shown as a function of electron concentration. A remarkable corre- 
spondence was found in the relation between electron concentration and crystal structure. The follow- 
ing structures are given in order of increasing e/a: 4-layer, 6-layer, 3-1ayer, 4-layer, 10-layer, 9-layer, 
8-1ayer and 2-layer type structure. The relation between the electron concentration and the stabiliza- 
tion of stacking variants is evident in these Mg-base ternary alloy systems. 

Among several factors governing the crystal structure 
of alloy phases, the electron concentration is important 
for the stabilization of long period anti-phase domains 
(Sato & Toth, 1961, 1962) and of long period stacking 
order in several alloy systems (Sato, Toth, Shirane & 
Cox, 1966; Sato, Toth & Honjo, 1967; Sato & Toth, 
1968; Pearson, 1970). The origin of the stabilization of 
the structure has been understood as being due to the 
creation of Brillouin zone boundaries at the Fermi sur- 
face. Stacking variants of the Friauf-Laves phases seem 
to be another example of structures restdting from this 
phenomenon. 

Laves & Witte (1936) and Lieser & Witte (1952) 
reported a relationship between electron concentration 
and the crystal structure of Mg-base ternary Friauf- 
Laves phases. They discussed structural changes of 
Friauf-Laves phases as a function of e/a (the electron- 
atom ratio). For example, when Cu atoms in MgCu2 
are replaced by other metal of different valency, the 
cubic C~5(MgCu2) type structure is changed to the 

hexagonal C14(MgZu2) type or C36(MgNi2) type struc- 
tures depending upon the electron concentration. Al- 
though they discussed only three fundamental struc- 
tures of C14, C15 and C36, Komura, Mitarai, Nakatani, 
Iba & Shimizu (1970) reported similar relationships 
including three new stacking variants in addition to 
C~4, C~s and C36 for the systems of Mg-Zn-Cu and 
Mg-Zn-Ag. The~e new structures are called 8-, 9- and 
10-layer types on the basis of the layer stacking. Ko- 
mura, Nakaue & Mitarai (1972) found another new 
stacking variant of the 6-layer type in the system 
Mg-Cu-Ni.  We undertook a reinvestigation of the 
work of Lieser & Witte (1952) for the three ternary 
systems Mg-Cu-Zn,  Mg-Ni-Zn and Mg-Cu-Ni  in 
order to see the dependence of the structural change 
on the electron concentration in more detail, and also 
to study the possibility of finding new stacking variants 
in the system of Mg-Ni-Zn as in the case of Mg-Cu-Zn 
and Mg-Cu-Ni.  

The structures of Friauf-Laves phases and their 
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stacking variants can be described in terms of the 
stacking sequence of six kinds of compound layers 
(Komura, 1962). These six layers are called A, A', B, 
B', C and C', each of which is composed of a Kagom6 
net and three triangular nets. Layer stacking of these 
compound layers conforms to the spatial requirements 
of large Mg atoms, each layer can be followed only 
by the other two layers. For example, an A layer is 
followed only by B and B'. The stacking variants which 
were found up to the present in Mg-base pseudo- 
binary systems are listed as follows: 

Layer type Stacking order 
2-layer (C14-MgZn2) AB' 
3-layer (C15-MgCu2) ABC 
4-layer (C3¢--MgNi2) AB'A 'C 
6-1ayer AB CA ' C ' B' 
8-layer AB'AB'A'  CA' C 
9-layer AB'ABC'BCA'  C 

10-layer ABC ' JBCA ' C ' BC ' B' 

Alloy system MgNi2-x % MgZn2 

Fifteen specimens covering the whole range of the sys- 
tem were prepared by melting pure metals of Mg, Zn, 
carbonyl Ni powder and Mg-50% Ni mother-alloy 
together in an argon-filled induction furnace or in the 
presence of flux (MgC12,KC1,NaC1 mixture) in order to 
prevent oxidation. The compositions were checked for 
three specimens by chemical analysis. The results are 
given in Table 1. 

After annealing the specimens for 5 days under ar- 
gon atmosphere in a fused silica tube at about 400 °C, 
X-ray powder diffraction patterns were examined using 
these specimens. The results of Lieser & Witte (1952) 

were confirmed in the regions of single phase of (736, 
C15 and Cla; (736 for x = 0 ~ 20 %, Cx5 for x = 30 ~ 80 % 
and C14 for x = 97 ~ 100 % MgZn2. Besides these phases, 
however, four new phases were found in relatively 
narrow regions in the mixture range of two phases ac- 
cording to Lieser & Witte. The structures of these new 
phases were analysed by comparing the observed and 
calculated intensities of X-ray powder diffraction pat- 
terns. These were found to be a 6-layer structure 
(ABCA'C'B')  in the vicinity of x=27.5 %, a 4-layer 
structure (AB'A'C) for x =  85~92 %, a 10-layer struc- 
ture (ABC'BCA'C'BC'B ' )  for x=95  % and a 9-layer 
structure (AB'ABC'BCA'C)  for x =  95.5 %. These four 
phases are isomorphous with the ones found in 
Mg-Cu-Ni  and Mg-Cu-Zn (Komura, Kishida & 
Inoue, 1967; Komura et aL, 1970; Komura et aL, 
1972). The phase diagram proposed by Lieser & Witte 
for this system has to be corrected for the above four 
new phases. 

Structural changes in the three alloy systems 
Mg-Cu-Ni, Mg-Cu-Zn and Mg-Ni-Zn 

When Ni is replaced by Zn in the system MgNiz-x % 
MgZn2, the electron concentration is changed from 
0.67 e/a (MgNi2) to 2.00 e/a (MgZn2) provided that 
the valency of the Ni atom is to be zero. The variation 
of electron concentration in this system is wide and 
covers the change of e/a of the systems MgNi2- 
MgCu2 and MgCu2-MgZn2. Structural changes in the 
system of MgNi2-MgZn2 as a function of e/a is shown 
in Fig. 1 compared with the variation of structures in 
the systems MgNi2-MgCu2 and MgCuz-MgZn2. 
From an inspection of this diagram it was found that 
the all stacking variants including newly discovered 

Table 1. Composition of  the alloy specimens (wt. %) 

Mg Ni 
Analysed Prepared Analysed Prepared 

MgNi2-27.5 % MgZn2 16.3% 16.7% 58.4% 58.6% 
MgNi2-95-0 % MgZn2 15.5 15.7 3"7 3.8 
MgNi2-95.5 % MgZn2 16.0 15.8 3.4 3.4 

Zn 
Analysed Prepared 

25.3 % 24.7 % 
80.8 80.5 
80.6 80.8 

MgNi2 

MgNi2 

C36 

C36 I 

C~s 

MgCu2 

MgCu2 

c,, I I- T$ ]IE 

c,. I 81]] E 

MgZn2 

1C~4 
MgZn2 

0"67 1"00 1"33 1"67 2"00 e/a 

[~ 6-layer 1 8-layer g 9-layer I~ 1 O-layer 

Fig. 1. Structural changes in the Mg-Cu-Ni, Mg-Cu-Zn and Mg-Ni-Zn alloys as a function of the electron; atom ratio. 
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Table 2. Lattice constants o f  the 4-1ayer type structures 

Specimen a c c/a 
MgNi2 4-834 + 0.002 .~ 15.798 + 0.002/~ 3.268 
MgNi2-40 % MgCu2 4.903 + 0.001 15.962 + 0.002 3.255 
MgNi2-90 % MgZn2 5"163 + 0.001 16.955 + 0.002 3"284 

Table 3. Stacking variants o f  Mg-base ternary Friauf-Laves phases 

e/a 
0"67] 

/ 
1.00 
1"07 / 

1"80 / 

~°.89/ 
1"93 
1"95 
1 "98 
2"00 

Zhdanov 
Stacking order symbol 

AB'A" C 22 chch 

ABCA" C'B" 3"3 

ABC 3 c c c  

Fraction of 
ch order h sequence 

0'50 

cchcch 0"33 

AB'A'C 22 chch 0"50 

hhchchhchc 0"60 
chhchhchh 0"67 
hhhchhhc 0"75 
hh 1"00 

ABC'BCA'C'BC'B" 2T2212 
AB'ABC'BCA'C 2T212T 
AB'AB'A'CA'C 121T2T 
AB' 1T 

ones appear in nearly the same e/a values for all sys- 
tems. Although an 8-layer structure could not be found 
in Mg-Ni-Zn,  it is probable that the relevant stabiliza- 
tion range exists but is extremely narrow, and therefore 
difficult to detect. The effect of the electron concentra- 
tion on the stabilization of long period stacking var- 
iants is evident in these Mg-base ternary alloys based 
on the diagram in Fig. 1. 

Accurate lattice constants were measured for three 
specimens having 4-layer type structure using single- 
crystal Weissenberg photographs on which powder 
patterns of Si were recorded as a standard. The results 
are listed in Table 2. 

Table 3 summarizes the relation between various 
stacking variants and e/a together with the representa- 
tion by Zhdanov symbol, ch-order and the fraction of 
the h sequence. The fraction of the h sequence decreases 
with increasing e/a in the range 0.67-,~ 1.73 e/a, but 
increases with increasing electron concentration. The 
interpretation of this result is in progress on the basis 
of Sato & Toth's theory. 

This work has partly been supported by a Scientific 
Research Grant of the Ministry of Education, to which 
the authors'  thanks are due. 
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