
J O U R N A L  OF M A T E R I A L S  S C I E N C E  24 (1989) 963-973  

Dynamic temperature crystallization behaviour 
of amorphous and liquid MgToZn30 alloy 

Y. KHAN 
Institut for Werkstoffe der Elektrotechnik, Ruhr UniversitM, D-4630 Bochum 1, 
West Germany 

The crystallization behaviour of the amorphous and liquid Mg70Zn30 alloy was investigated 
using a dynamic temperature X-ray diffraction method (DTXD). The sequence of phases 
crystallizing from the amorphous state with increasing temperature .was found to be the same 
as that of the phases crystallizing from the liquid state with decreasing temperature. At low 
heating rates (i.e. 20 K/h), it was found that the alloy MgToZn30 underwent a crystalline- 
amorphous transformation in the solid state, first at 440 K then at 590 K. This alloy showed the 
phenomenon of multimorphy; the different crystal structures form due to a macroscopic 
structural quantization effect. Structural data of new phases, discovered during this work, 
are given. 

1. Introduction 
Metallic glasses (i.e. amorphous metallic materials), 
are obtained mostly by rapid quenching from the 
liquid state and hence must retain some characteristics 
reminiscent of the high-temperature state [1]. Dynamic 
temperature X-ray diffraction (DTXD) analysis (i.e. 
X-ray diffraction analysis during continuously chang- 
ing temperature [2]) of the metallic glasses reveals that 
the reminiscence is always the primary phase that 
crystallizes first from the amorphous state [3, 4]. 
DTXD investigations have been limited to a study of 
crystallization from amorphous state. It would be of 
great interest to extend this method to study crystal- 
lization behaviour of easy glass-forming liquids. In the 
present work, the results of the DTXD analyses of 
amorphous and liquid Mg-Zn alloys, with compo- 
sitions close to the glass-forming alloy Mg70Zn30 , are 
reported. 

The Mg-Zn system was chosen because of low 
melting temperatures of the alloys in this system and 
hence it could be investigated conveniently in our 
DTXD apparatus. Although crystallization behaviour 
of the Mg-Zn amorphous alloys has been investigated 
by Altounian et al. [5] by the DSC method, a DTXD 
investigation of these amorphous alloys, with which 
crystal structures are brought directly to observation 
during a crystallization process [2], has not been carried 
out. 

2. Exper imenta l  de ta i l s  
Mg-Zn alloys (weighing about 200g), with compo- 
sition close to Mgv0Zn30 , were prepared by melting 
the alloy constituents under argon gas in a Balzers 
medium frequency induction furnace, using MgO 
crucibles. The melts were cast into a water-cooled 
copper mould. The purity of the elements 99 995 wt % 
for both Mg and Zn. The Mg-Zn metallic glasses were 
prepared in the form of thin ribbons (3 mm wide, 30 to 
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40ktm thick, 10 to 15m long) by spinning the alloy 
melt on a copper roller. Chemical analysis was carried 
out by atomic absorption spectroscopy with an accu- 
racy of better than 1 wt %. 

For the DTXD analysis, a modified Guinier-Lenne 
high-temperature X-ray camera was used [2]. The 
X-ray source was a Co-anode Philips fine focus X-ray 
tube with a power rating of 1200W. The DTXD 
patterns of Mg-Zn metallic glasses and melts during 
crystallization were taken for different heating rates 
and crystallization times. The X-ray exit slit was 
5 mm in width. The film speed was 5 mm/h throughout 
this work. For room temperature X-ray diffraction, an 
Enraf-Nonius Guinier camera was used. The micro- 
densitometer analysis (MDA) (i.e. the evaluation 
of the intensities and Bragg angles of the X-ray 
reflections), was carried out by using a modified 
Zeiss-Jena MD-100 instrument. Differential thermal 
analysis was carried out in A1203 sample holders, 
using a Linseis DTA apparatus. For heating rates 
1200K/h (Fig. 6), a specially constructed thermal 
analysis apparatus was used. 

3. Results and discussion 
The thermal structural behaviour of the amorphous 
Mg70Zn3o alloy during and after crystallization was 
found to be complex, in agreement with the findings of 
Altounian et al. [5]. Fig. 1 shows dynamic tempera- 
ture X-ray diffraction patterns of a liquid-quenched 
amorphous (LQA) MgToZn30 alloy taken in the tem- 
perature range from 300 to 600 K and back at a heat- 
ing and cooling rate, respectively, of 20K/h. These 
heating and cooling rates are so low that one can 
assume quasi-isothermal conditions during heat treat- 
ment of the alloy. 

3.1. Amorphous state of MgToZn30 
In the X-ray diffraction pattern of the LQA Mg70Zn30 
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Figure 1 (a) D T X D  pattern of the LQA MgToZn30 alloy taken in the temperature range 300 to 600 K with a temperature hold for 1 h at 600 K. 
The X-ray exit slit width is given by d. The reflections marked with empty dots on a horizontal line belong to the phase printed on the right. 
Aj stands for the intermediate amorphous  state. The black dots along the ordinate mark  the position of the direct beam. Along the ordinate 
these dots can be used to calibrate the temperature/t ime axis. For the abscissa these points can be used to measure the Bragg angle 40; 
(b) M D A  scan at 310K; (c) at 530K on the heating path; (d) at 400K on the cooling path of (a). 
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alloy, three diffraction halos with centres at diffraction 
angles 40 = 46 ~ , 88.5 ~ and 147 ~ in the intensity 
sequence, weak, strong, weak, could be observed 
(cf. Figs l a and b). In general, an amorphous material 
gives rise to Fraunhofer-type diffraction halos, how- 
ever, in the intensity sequence of strong, weak, very 
weak, due to lack of periodicity [6]. Scrutiny of the 
observed halos reveals that the second halo is not 
homogeneous and symmetrical as regards the distri- 
bution of its intensity; the halo is strong in the range 
81 ~ < 40 < 92 ~ and seems to fade away steadily from 
40 > 92 ~ to 40 < 120 ~ (Fig. lb). This halo may be 
due to two types of non-crystalline material, one 
giving rise to the halo part in the range 81 ~ < 40 < 92 ~ 
(left side) and the other giving rise to the halo part in 
the range 92 ~ < 40 < 96 ~ (right side). The halo in the 
range 96 < 40 < 120 is structured; the origin of  this 
halo part is not clear. A simple calculation shows that 
the halos at 40 = 46 ~ 94 ~ = (92 ~ + 96~ 147 ~ are 
1st, 2nd and 3rd order reflections, respectively, from 
an elementary unit of diffraction with a period of 
0.529s nm (Table I). Since the lattice parameter, a, of  
the MgZn2-structure is 0.528s nm and lattice par- 
ameters of the other structures in the Mg-Zn system 
are simply multiples of this unit, these three halos 
seem to be due to microcrystalline regions of the 
MgZn2-type which could have been formed on rapid 
cooling. The intense part of the middle halo occurs 
almost in the same 40-range in which the halos due to 
the amorphous Fe-B [3], Co-B [7] and Cu-Zr  [8] 
alloys have been reported and may be due to a real 
amorphous state. 

There is a controversy on the amorphous state 
of matter. The older view is that the amorphous 
materials are made up of very tiny microcrystals [9]. 
This "microcrystal" model is, however, shadowed by 
the works of Warren [10], Scott [11] and Bernal [12], 
who believe that the structure of an amorphous solid 
is liquid-like or Bernal-type (i.e. the atoms are ran- 
domly densely packed in the amorphous solid). There 
are some experimental results, regarding e.g. to X-ray 
diffraction, volume contraction at the amorphous 
crystalline temperature, the dependence of the specific 
heat on temperature, which favour the Bernal-type 
model. There are, however, experimental results 
regarding e.g. cooperative phenomena such as ferro- 
magnetism, electrical conductivity and elastic proper- 
ties, which suggest that the structure of  an amorphous 
solid must be of the microcrystalline-type, thus 
preserving the necessary short-range order. 

From our experimental results on the amorphous 

MgToZn30 alloy, we conclude that the amorphous 
state is of  dual nature (i.e. there was amorphous 
solids whose structure is of  the microcrystalline- 
type and solids whose structure may be of the Bernal- 
type). An amorphous solid may be a mixture of  both. 
The change of state from amorphous to crystalline 
and vice versa is continuous (i.e. the crystalline phase 
grows continuously from the amorphous material 
and the amorphous state emerges continuously from 
the crystalline state. The nature of  the amorphous 
state depends only upon the matter-type, prep- 
aration conditions and stability against whole-scale 
crystallization. 

3.2. Crystallization from the amorphous state 
of MgToZn30 

At the heating rate 20 K/h, a part of the LQA Mg70Zn30 
alloy appeared to crystallize at about 340 K, because 
it was at this temPerature that the diffraction halos 
disappear and X-ray reflections, characteristic of a 
periodic structure, appeared (Fig. 1). These reflections 
could be indexed on the basis of  an orthorhombic unit 
cell of the Mgs~ Znz0-type [13] with lattice parameters, 
a = 1.4253 nm, b = 1.4551 nm and c = 1.4153nm. 
As is seen, these reflections were diffuse and broad, 
implying that either the crystallized material was 
extremely fine (causing line broadening due to crystal- 
lite size) or made of isomorphous phases of varying 
lattice parameters (i.e. parametric line broadening). It 
was difficult to decide what contributed to the line 
broadening in this case. It may have been due to both. 

At ca. 345K, recrystallization of MgsiZn20 took 
place, as seen by the appearance of the diffraction lines 
due to hexagonal Mg (Fig. 1). The phase, Mgs~Zn20, 
was not stable and decomposed at ca. 450K into 
Mg and an equilibrium phase. The structures of the 
Mg-Zn intermediate phases other than Mg2Znl~ [14], 
MgZn2 [14] and Mg51Zn20 [13] are not known yet. 
Although the formation of the phases, MgZn and 
Mg2Zn3, has been reported [15], their structural data 
are not available in the literature. We believe that the 
equilibrium phase forming after decomposition of 
Mgs~Zn20 is the phase MgZn. The X-ray diffraction 
lines due to this phase could be indexed on the basis 
of a rhombohedral unit cell (for - h  + k + l = 3n) 
with lattice parameters, a = 2.569 nip_, c = 1.8104 nm 
(Table II). 

MDA of the DTXD pattern of the LQA Mgy0Zn30 
alloy revealed that a certain amount of the amorphous 
material remained uncrystallized even up to the melt- 
ing temperature of that material. We demonstrated 

T A B L E  I X-ray  diffract ion da ta  for the a m o r p h o u s  Mg70Zn30 al loy 

Tempera tu re  Ha lo  pos i t ions  d * 

(K) 1 2 3 (nm) 

Left side Righ t  side 

sin 2 0 0 sin 2 0 c sin 2 0 0 sin 20~ sin 2 0 0 sin 2 0r sin 2 0 0 sin 20r 

310 0.0397 0.0398 0.1590 0.1590 0.3580 0.3578 0.530 
- - 0.1491 0.1491 . . . .  0.2735 

540 0.0402 0.0400 - 0.1598 0.1600 - 0.5267 

*d  value was  ca lcula ted  by  the fo rmula  g iven by Guin ie r  [6] wi th  k = 1.18 
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TABLE II Structural data of the phase MgZn 

h k l sin20o sin20c I o (%) 

I 0 1 0.0041 
0.0048 90 1 1 0 0.0049 

3 0 0 0.0146 0.0147 70 

220 0.0195 0.0197 35 

1 22 0.0212 
0.0218 50 0 0 3 0.0220 

3 1 2 0.0315 0.0310 50 

3 2 l 0.0336 0.0339 40 1 4 0 0.0344 

2 3 2 0.0412 0.0408 40 

0 5 1 0.0434 
0.0435 65 3 3 0 0.0442 

24 1 0.0486 0.0483 30 

5 1 1 0.0532 0.0532 15 

422 0.0556 0.0558 20 4 1 3 0.0562 

6 0 0 0.0582 0.0585 20 

1 3 4 0.0601 0.0607 40 1 5 2 0.0605 

0 1 5 0.0622 
0.0628 45 4 3 1 0.0630 

20 5 0.0678 0.0676 10 

1 6 1 0.0728 0.0729 25 

4 4 0 0.0774 0.0780 10 
351 

0.0825 0.0821 15 701 

2 3 5 0.0920 0.0921 10 1 1 6 0.0929 

2 6 2 0.0943 0.0949 10 

3 6 0 0.1033 0.1024 50 (Mg) 

164 0.1092 0.1092 15 452 0.1096 

802 0.1140 0.1145 20 
704 

0.1177 0.1190 20 (Mg) 354 

345 0.1212 
0.1213 40 1 4 6 0.1216 

6 1 5 0.1307 0.1310 80 

900 0.1327 0.1327 60 

280 0.1376 0.1382 65 544 0.1386 

137 
0.1400 5 3 5 0.1405 10 

0 7 5 0.1408 

407 0.1449 0.1456 70 265 0.1457 

327 0.1498 
0.I502 30 526 0.1511 

8 1 4 0.1583 
0.1579 100 562 0.1587 

0 5 7 0.1600 0.1597 100 

this effect on the format ion of  the equilibrium 
phase, MgZn.  This phase formed on heating the L Q A  
Mgy0Zn30 alloy above 450 K and on cooling the melted 
Mg70Zn30 alloy below 500 K. The M D A  scans taken at 
530 K on the heating and at 400 K on the cooling path  
o f  Fig. la  are given in Figs lc and d, respectively. As 
is seen, the background  level (given by dashed lines) 
is much greater when the M g Z n  phase forms after 

crystallization from the amorphous state (Fig. lc) 
than when the MgZn phase forms after crystallization 
from the liquid state (Fig. ld). Since the shape of this 
background level is similar to the shape of the curve 
due to amorphous state (Fig. 1 b), it is concluded that 
a part  (estimated to be ca. 20%) of  the amorphous  
material remains uncrystallized up to 530 K, a tem- 
perature close to the solidus (595 K). A systematic 
study o f  M D A  of  D T X D  of  the L Q A  MgToZn30 alloy 
showed that  30 to 40% of  the a m o r p h o u s  material 
remained uncrystallized at the regular crystallization 
temperature.  The amoun t  o f  this residual amorphous  
material decreased with increasing temperature 
until the material melted. It  appears as if the remi- 
niscent state acquired by the alloy during rapid 
quenching is so stable that  this can only be destroyed 
after remelting. The reminiscent stability o f  the 
amorphous  state up to the solidus may  explain the 
discrepancy between the heat o f  crystallization from 
the liquid and amorphous  states i.e. the heat o f  
crystallization o f  an amorphous  alloy amounts  only to 
ca. 25 to 50% of  the heat o f  crystallization f rom the 
liquid state [8]. 

3.3. An intermediate unstable 
amorphous phase 

Before the equilibrium phases Mg and M g Z n  were 
formed by decomposi t ion o f  Mg51Zn20, an inter- 
mediate metastable amorphous  phase came into exist- 
ence as seen by the appearance o f  diffraction halos 
with centres at 40 = 46.3 ~ , 94.3 ~ and intensity 
sequence o f  medium, strong, respectively (Figs. 1, 2, 4 
and 5, and Table I). The diffraction angles o f  this 
amorphous  phase were found to be somewhat  larger 
than those o f  the amorphous  Mgv0Zn30 alloy. This 
state could only be reached by heating to about  440 K 
a rapidly quenched crystalline or amorphous  bulk or 
r ibbon form Mgl00 xZnx alloy for x < 35. If, during 
the D T X D  experiment, the temperature were held 
constant  close to the temperature o f  this decom- 
position while the film is still moving,  details o f  
the decomposi t ion mechanism of  the material in this 
unstable state were revealed (Fig. 2). This formed at 
ca. 4 3 0 K  and decomposed partially into Mg and 
MgZn  as is seen by the appearance o f  X-ray  reflections 
due to both  these phases after an annealing time of  
1.5 h at ca. 440 K. At the same time, the diffraction 
halos disappeared into bands of  diffuse reflections. 
These reflections could be indexed on the basis o f  a 
hexagonal  unit cell o f  the MgZn2-type with lattice 
parameters,  a = 0.5288 nm, c = 0.8704 nm. 

The isothermal heat- treatment  experiments in 
the temperature range 420 to 480 K with the rapidly 
quenched bulk Mgy0Zn30 alloys revealed that  the 
phase MgZn2 formed in the temperature range 435 to 
460 K by decomposi t ion o f  the Mgs~ Zn20 phase and 
existed when quenched f rom a temperature within this 
temperature range for weeks together, without  further 
decomposit ion.  However,  this phase was unstable and 
t ransformed back to Mgs~ Znz0 simply by mechanical  
t reatment  (e.g. mechanical  grinding). 

The splitting o f  the X-ray  diffraction reflections due 
to Mg and MgZn  in the D T X D  pattern during and 
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Figure 2 DTXD pattern of the LQA 
Mg70Zn~0 alloy taken in the tem- 
perature range 300 to 590K with 
temperature holds for 5 h at 430 and 
590 K, respectively. Other details are 
the same as Fig. 1. 

after isothermal annealing at 440 K for 5 h (Fig. 2) was 
noteworthy and might be due to an incoherent para- 
metric change in the material as a result of a spinodal 
type decomposition of Mgsa Zn20 because this was 
absent in the same DTXD pattern on the cooling path. 
As seen, all the reflections were doublets. Since this 
line splitting was also almost absent in the other 
DTXD patterns (cf. Figs l a, 3-5), the line splitting 
seemed to be inherent to the isothermal heat treatment 
used in taking the DTXD pattern of Fig. 2. 

3.4. Macroscopic quantization effect 
On further heating the MgToZn30 alloy, the phases, 
Mg and MgZn, reacted to form the primary phase, 
Mgs~Zn20, at ca. 580K as revealed by the DTXD 
pattern. It is seen that the highest temperature phase 
was the same which crystallized first from the amorph- 
ous state in accordance with findings in the Fe-B 
system [3, 4]. However, the X-ray reflections were now 
split into extremely fine, sharp reflection lines (Figs 1 
and 2). A similar observation has already been made 
by the author in the Co-rich Co-B alloy [1]. A detailed 
investigation of the instrumental set-up revealed that 
this line splitting was real and characteristic of the 
alloys which easily become amorphous on liquid 
quenching. In order to demonstrate this effect, we 
took a DTXD pattern of MgToZn30 (which can be 
easily melt-quenched in the amorphous state and 
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remains in the amorphous state for years, cf. Fig. 3a) 
and a DTXD pattern of MgsoZn20 (it is very difficult 
to melt-quench this alloy in the amorphous state and 
if quenched in the amorphous state, crystallizes par- 
tially at room temperature in a short time, cf. Fig. 3b). 
Before cooling down to room temperature, the tem- 
perature was held for 10h at ca. 590K. In the case of 
MgsoZn20 (Fig. 3b), there was no line splitting of the 
reflections due to Mgs~Zn20. However, in the case of 
Mgy0Zn30 (Fig. 3b), the splitting o f the  reflections due 
to Mgsj Zn20 was so large that it was difficult to index 
all of the diffraction lines. Had the splitting in Fig. 3a 
been due to occasional formation of large crystals (as 
a result of a camera artifact), the N-ray reflections in 
Fig. 3b would have been broad for the same reason. 
That this was not the case can easily be seen from 
Fig. 3b. The intermittency of  the diffraction reflections 
along the time/temperature axis is noteworthy and may 
be due to a high gradient of chemical activity in the 
sample. It should be mentioned that this chemical 
activity must be absent in the case of the MgsoZn20 
alloy or at least must be so low that it was not seen in 
10h at 590K. 

The line splitting of the reflections due to Mgsl Zn20 
could only be due to parametric change (i.e. the 
Mg51Zn20 structure must have a high solubility for 
both Mg and Zn), given by a formula of the type 
Mg~ +yZn2 ~ as will be discussed later. 



Figure 3 DTXD pattern of the LQA 
(a) MgToZn3o, (b) Mg8oZn2o alloys 
taken in the temperature range 300 to 
590K with a temperature hold for 
10 h at 590 K. Other details are the 
same as Fig. 1. 
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Due to the gradient of the chemical activity, caused 
by the solubility of Mg and Zn in Mgs~ Zn20, close to 
its decomposition temperature, structure dispersion 
(i.e. formation of coherent crystal structures with 
slightly different lattice parameters of a fundamental 
structural unit) may take place, such that the lattice 
parameters did not remain the same throughout the 
material. Since the splitting of the diffraction lines was 
very sharp, it was concluded that the crystal structures 
were discrete and hence the parametric change in the 
material occurred in steps of a fundamental unit 
or was discrete, quantized in a similar way as has 
been reported for the rare-earth-cobalt systems [16]. 
Had the parametric change been continuous, broad 
and diffuse diffraction reflections would have been 
observed. 

3.5. Amorphization of Mg70Zn30 close 
to solidus 

If the temperature were increased to ca. 590K, the 
X-ray reflections disappeared and amorphous diffrac- 
tion halos appeared at ca. the same positions at which 
diffraction halos due to the LQA MgToZn30 alloy were 
observed (Figs 1 and 2). It appeared that the sample 
melted, but the sample did not show any sign of this. 
On further heating to ca. 595 K, these diffraction halos 
disappeared and a diffraction halo characteristic of 
liquids appeared in the range 81 ~ < 40 < 92 ~ (Figs 1 
and 2). It was about at this temperature that the 
sample showed a small sign of melting, as observed 
under a light-microscope. 

The formation of an amorphous-like material close 
to solidus at so low heating rates as 20 K/h is very 
surprising and suggests that the amorphous state 
belongs to the phase diagram close to the solidus 
at least in the Mg-Zn system within a certain con- 
centration range. By rapid quenching, the high- 
temperature amorphous state of the alloy has simply 
frozen-in. This leads to the conclusion that at least 
the Mg-Zn amorphous alloys are not undercooled 
liquids as has been universally assumed for metallic 
glasses. This result is in agreement with the findings of 
the author in the binary Co-B [1] system and the 
quasi-binary Fe3B-Ni3B system [17] that in these 
systems amorphous alloys were formed only if the 
melts did not undercool, suggesting that the amorph- 
ous alloys on the basis of Fe-B, Co-B, Fe-Ni-B and 
Mg-Zn might not be undercooled liquids. 

3.6. Melting of the Mg70Zn30 alloy 
The melting of the Mg70Zn30 alloy was not sharp, 
contrary to what would be expected for a metallic 
material. The melting process in this alloy had been 
found to depend upon the heating rate (Fig. 6). At the 
heating rate used in DTXD work (20 K/h), the melting 
began at 595 K (i.e. the solid alloy began to soften at 
this temperature) and extended to ca. 615K (i.e. the 
melting range was ca. 20 K). At the heating rate of 
300 K/h (usually used in DTA), the melting was found 
to begin at 618K and to end at ca. 660K (i.e. the 
melting range extended over a temperature range of 
ca. 42 K (Fig. 6). In this sense, the melting behaviour 
of the MgToZn30 alloy resembles the melting charac- 
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teristic of a non-metallic glass in which the range of 
melting is much larger (e.g. it is ca. 700K for SiO2). 

3.7. Crystallization from the liquid state 
of Mg70Zn30 

The crystallization on cooling, from the liquid state of 
MgToZn30 was found to depend sensitively upon the 
absolute temperature of the melt and the time for 
which the melt was kept at that temperature. If 
Mg70Zn30 was heated to 600 K and after 1 h at that 
temperature, cooled down, the phase Mg51Zn20 formed 
without any undercooling (Fig. 1). As is seen, this 
phase then existed up to 500 K, after which it decom- 
posed into the Mg and MgZn phases. It is noteworthy 
that the X-ray diffraction lines due to Mg51Zn20 were 
split and intermittent. The line splitting could only be 
due to parameteric changes in the material as a result 
of concentration gradients. If this effect had been due 
to formation of large crystals, the diffraction lines 
would have fallen almost on the same position due to 
the focussing nature of the DTXT camera [2]. Such a 
crystallization behaviour is typical for metastable 
super-saturated solid solutions (i.e. it may be that on 
cooling, a metastable supersaturated solid solution of 
the Mgs~ Znz0-type enriched in Zn or of the MgZn2-type 
enriched in Mg forms. If the decomposition of such a 
solid solution proceeded through discrete coherent 
isomorphous phases, a number of diffraction lines 
corresponding to the same h k l triple would result. 
A detailed study of this effect will be presented 
elsewhere. 

If the alloy was heated to ca. 605 K and then cooled 
down, a new yet unkown phase crystallized first 
instead of Mgsl Zn20. The undercooling is found to be 
ca. 10 K (Fig. 4). However, if the alloy was heated to 
ca. 610 K and then cooled down, a second unknown 
phase formed (Fig. 5). The undercooling was found to 
be not > 10 K in this case. 

These two new phases existed up to room tempera- 
ture, if kept free of mechanical shocks. On mechanical 
treatment (e.g. grinding, hammering) both these 
phases were found to transform into the Mgs~Zn20 
phase. The X-ray reflections due to both these new 
phases could be indexed on the basis of tetragonal unit 
cell with a = 2.0278 nm and c = 1.0649 nm. 

It follows that crystallization from the melt of the 
MgToZn30 alloy is a very complicated process. The 
temperature of the melt and the time, for which the 
melt was kept at that temperature, determined the 
structure of the phase crystallizing from the melt. The 
Mg70 Zn30 melt was capable of crystallizing in a large 
number of crystal modifications, many of which 
were metastable and might decompose during rapid 
quenching, due to their mechanical sensitivity. It 
should be mentioned that the Mg70Zn30 melt was 
found to be so highly viscous that the metallic alloy 
ribbons could support themselves freely in the 
DTXD-chamber at 610 K for 1 h. 

3.8. The phase diagram and phase relations 
The crystal structures of the different phases in the 
Mg-Zn system are closely related and the lattice par- 
ameters of these phases are related with one another as 



Figure 4 D T X D  pattern of the LQA 
MgToZn30 alloy taken in the tem- 
perature range 300 to 605 K with a 
temperature hold for 1 h at 605K. 
Other details are the same as Fig. 1. 

Figure 5 D T X D  pattern of  the LQA 
Mg70Zn3o alloy taken in the tem- 
perature range 300 to 610K with a 
temperature hold for l h  at 610K.  
Other details are the same as Fig. I. 
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Figure 6 Dependence of the melting tem- 
perature of MgToZn30 O n the heating rate. 
Tm ~ = temperature a( the beginning of 
melting on heating: Tf = temperature at 
the beginning of solidification on cooling: 
T~ u~ = temperature of melting (612K) on 
heating at the rate 60K/h. ATI = T~ n~ -- 
U = ~T;  a T 2  = T~" - U=S• 
in order to use the same scale for AT~ = 
f(T) and AT 2 = f(T). (x) T,{K; (O) ATK; 
('r) K/h. 

I t  is seen that  the lat t ice pa rame te r s  o f  all o f  the 
higher  M g - Z n  phases  can be der ived f rom those o f  the 
MgZn2 phase  by simple relat ions.  T h rough  substi-  
tu t ions  (Mg for Zn and  vice versa),  or  a tomic  displace-  
ments ,  or  both ,  one phase  m a y  t rans fo rm into the 
other.  On the basis o f  the above  results and  o f  D T X D  
invest igat ions,  we cons t ruc ted  a hypothe t i ca l  phase  
d i ag ram for the M g - Z n  system as given in Fig.  7, 
showing the p h e n o m e n o n  o f  mu l t imorphy .  No te  
tha t  the phase  M g Z n  forms per i tec to ida l ly  and  no t  
peri tect ical ly.  The  two phase  region,  M g  + MgZn2,  
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existed only in a very small temperature range. In our 
opinion, it is this phase region which was responsible 
for the amorphization of the phase Mgsj Zn20 in the 
solid state (cf. Fig. 1). 

It should be noted that during and after crystal- 
lization from the amorphous state, a reversal of the 
equilibrium phase diagram seemed to take place with 
increasing temperature (i.e. the sequence of phases 
crystallizing from the amorphous state with increasing 
temperature was the same as the sequence of phases 
crystallizing from the liquid state with decreasing 
temperature). This was in agreement with the findings 
of the author in the Co-B system [1] and Fe-B system 
[3, 4]. 

3.9. Glass formation mechanism 
If the MgToZn30 melt was rapidly quenched, some 
metastable or unstable phases formed and decomposed 
under the mechanical shock- to which the samples were 
rendered during rapid quenching. Through this 
decomposition new metastable and/or unstable 
phases might form. The decomposition and phase 
formation reactions continued until the melt solidi- 
fied. In view of this, the amorphous MgToZn3~ material 
would consist of a large number of slightly vary- 
ing unit cells. In our opinion, these ceils were the 
MgZn2-type and had a distorted lattice, otherwise we 
would get the X-ray patterns of an isostructural solid 
solution. A study of the structures found in the 
MgToZn30 alloys close to the solidus revealed that the 
structure of this alloy possessed two degrees of free- 
dom (i.e. at constant concentration, the Mgv0Zn30 
phase existed in a number of modifications as a 
function of temperature and at constant temperature, 
this phase existed in a number of modifications 
having isomorphous structures as a function of con- 
centration. In the former case, this is described as 
polymorphy. However, in the latter case, no termin- 
ology is yet known. Since, in this case, a concentration 
change plays an important role, we may call it meri- 
morphy (Gr. meria = side). Both polymorphy and 
merimorphy can be termed as multimorphy (Fig. 7). 
The multimorphy in the alloys close to the compo- 
sition MgToZn30 can be designated by the formula 
Mg~+yZn2_y, the value of y depending upon the 
position of the alloy in the phase diagram. The phase 
Mgs~Zn20 should then be a limiting member of the 
structural family on the Mg-rich side. Since the 
detailed structures of the members of this family were 

not known, the exact correlation between the different 
structures in the Mg-Zn system could not be postu- 
lated. The temperature spacing in the multimorphous 
phases appeared to decrease with increasing tempera- 
ture, (i.e. the density of phases per temperature inter- 
val increased with increasing temperature (Fig. 7)). 
For the sake of simplicity, only a limited number of 
phase modifications of Mgy0Zn30 are shown in Fig. 7. 
In a similar way, it would be expected that the density 
of phases per concentration interval increased with 
decreasing value ofT. Obviously, the greater the phase 
density, the greater the phase dispersion. We therefore 
state that the phenomenon of multimorphy is essential 
for the formation of glasses. Detailed investigations 
are still being carried out. 
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