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Absract. A new representation of a heterogeneous long-range ordered structure of metal melts consisting of "liquid" and "solid" 

component atoms mixture has been formulated. The elements of a super-high level structure that are directly associated with a 
quasicrystalline liquid phase structure have been revealed. Like any solid, they are caused by distortion of long-range order in its 
"quasilattice" made up by "liquid" component atoms at the temperatures exceeding their melting point. Upon crystallization, these structural 
elements convert excess phases dendrites into macroscopic spherical formations that reflect a "polygrain" melt structure, its topology, and 
unique "genetic code" acquired during the transfer of layout topological hereditary information from a melt to a solid.  
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1. Introduction 
The basic property of liquids (melts) recognized 

by most experts, is the absence of a long-range order. 
In a solid, the long-distance order depends on (i.e. 
genetically fixed by) the type of a crystal lattice and is 
caused by the periodicity of the lattice.At the same 
time, the available information about an abnormal 
temperature dependence of the structure-sensitive metal 
melts properties proves the contrary [1-11, etc.]. The 
values of the observed property anomalies are 
comparable to similar effects in a long-range ordered 
solid at polymorphic and martensitic transformations 
[8] that indicates the structural similarity of the liquid 
and solid states of matter. Moreover, such 
abnormalities are manifested not only in melts of pure 
metals, but also in their alloys approximately at the 
same temperatures [12]. This fact demonstrates that 
there is a specific type of heredity, when hereditary 
information is transferred from the main component to 
its alloys. 

In our opinion, the reference publications cited [1-
12, etc.]indicate the global character of the processes 
that occur in the liquid phase, and contradict the 
standard concept of a short-range order and 
microheterogeneous nature of a liquid phase. This 
research provides a new approach to the analysis of a 
metal melt structure and study of interrelation of a 
substance liquid and solid states. The theoretical basis 
of the approach is a concept of heterogeneous nature of 
liquids with long-range ordered structural elements 
outlined by its authors [13, 14]. According to the 
authors, the dimensional parameters of the order in 
liquids considerably exceed the crystallographic 
proportions in the solid. For this reason, conditions of 
X-ray diffractionand, accordingly, conditions for 
obtaining a distinct characteristic radiation spectrum 
are not satisfied.  

The key provisions of the concept of long-range 
ordered state of melts and the interrelations of a 
substance liquid and solid states are as follows: 

1. Atoms found in a liquid phase and in a solid 
phase radically differ from each other, 
as they refer to different states of aggregation of matter. 
Their transformation during a "melt→solid" phase 
change causes the decomposition and heterogeneous 
structure of eutectic melts at temperatures below the 
melting points of the eutectic components.  

2. Liquid-phase transformations of a different 
nature, such as "liquid-peritectic", "liquid-eutectic" and 
dystektic, develop between the "liquid" and "solid" 
atoms of the components in the melt, causing the 
generation of intermediate metastable phases and a 
nonmonotonic change in the structure-sensitive 
properties.  

3. Structural (metallurgical) heredity in the "melt 
→ casting" phase transition is possible only in case of 
long-range order, since only a long-range order has 
sufficient information capacity for encoding and 
transmission of information about the structure and 
properties of the liquid to a solid. 

This research paper is devoted to the development, 
promotion and discussion of the concept; and the 
subject matter of this paper is the substantination of the 
long-ordered structure of molten metals.  

 
2. Materials and Methods of Research 
Near-eutectic alloys are the most appropriate 

object for such studies as they have the most extended 
area of simultaneously coexisting liquid and solid 
phases. This fact provides for a retracing the 
development of the "liquid → solid" phase transition 
during the precipitation from the liquid (melt) of a 
proeutectoid constituent, "hardening" the liquid 
structure and fixing (encoding) this information. In 
pure eutectics, the "liquid →solid" phase transition and 
subsequent crystallization often develop at high rates, 
causing the "erasure" of all or the major part of 
information on the structure of the liquid phase.  

For this study, the near-eutectic alloys of the 
following systems are chosen: Al-97%Zn, Al-30%Cu 
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and Al-16%Si. And, aluminum grade A99, copper 
grade M0, zinc grade TS and silicon grade Kr00 were 
used as metal charge. The melting was carried out in a 
laboratory shaft furnace under a flux layer consisting of 
equal amounts of sodium chloride and potassium 
chloride. After complete melting of the components, 
the melt was soaked in the furnace for 30 minutes. Prior 
to casting, the scum had been skimmed off, and the 
melt was actively mixed up and cast into cylindrical 
metal molds, with a massive polished steel plate served 
as the bottom. To increase the heat dissipation in the 
vertical direction, the side walls of the mold are 
covered with heat-insulating ceramics. The 
superheating temperature above the liquidus line was 
200 °C in all cases.  

The obtained samples had a cylindrical shape with 
a diameter of 15 mm and a height of 20 mm. The end 
layer contacting the steel plate, was removed to a depth 
of 0.5 mm, and then a metallographic specimen was 
prepared. Three samples had the same temperature 
point. The etching reagent consisted of equal amounts 
of nitric acid, hydrofluoric acid and glycerol. The 
metallographic analysis was carried out using Neophot 
21 optical microscope at a magnification of 200, 500 
and 2000. 

 
3. Outcomes of the Experiment 
The microstructure of metals and alloys in terms 

of its content (origin) is a geometric image of structural 
and phase transformations of various types, and 
characterizes their patterns of development and 
determines the structure dependent properties. The 
microstructure of near-eutectic alloys of aluminum-zinc 
(a-d), aluminum-copper (e, f), and aluminum-silicon (g, 
h) systems is given in Figure 1. It consists of a eutectic 
mixture and primary dendrites of zinc (Al-Zn system) 
and aluminum (Al-Cu system) phases, as well as excess 
silicon crystals (Al-Si system). For all cases, the 
microstructure has a non-regular configuration element 
represented by the spatial arrangement of primary 
phase precipitates. They are distributed not chaotically, 
as is in a homogeneous or microheterogeneous liquid, 
but are arranged along circles or arcs of different 
diameters. According to the author [15], a stereological 
reconstruction of microvolumes of high-strength cast 
iron shows that the distribution of graphite is also not 
random and irregular, butcorresponds to quasi-spherical 
spatial configurations of verious sizes in the matrix. 
However, the author does not associate their origin with 
the long-range order in melts, preaching the classical 
theory of colloid-disperse systems and the 
electrochemical theory of metallic liquids. 

 

  
a b 

  
c d 

  
e f 

  
g h 

     Figure 1. The microstructure of near-eutectic alloys 
of Al-Zn (a-d), Al-Cu (e, f), Al-Si (g, h) systems. ×200 
(a), 500 (b-e, g, h), 2000 (f). 
 

The provided reconstruction of the primary phase 
arrangement in the obtained microstructures (Fig. 1 a, 
b, c, d) shows that the spherical shape of the surfaces 
remains the same upon contact. They are independent 
and "transparent" to each other. It is impossible for 
solid-phase transformations and, most likely, is 
associated with a heterogeneous macroscopic structure 
of melts, as compared to a solid. The dimensions of 
these structural formations exceed an order of 
magnitude both the dimensions of eutectic phases, as 
well as the dimensions of eutectic colonies. One might 
assume that they reflect some "virtual" reality, which is 
not directly related to the solid eutectic and represents 
the structural elements similar to the "grain" boundaries 
of the liquid.A primary phase precipitation thereon 
shows that before the beginning of crystallization, these 
surfaces were in a quite different state than the rest of 
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the melt. Information on the liquid eutectic topology is 
encoded precisely therein – in the "grain" structure and 
long-range order, the carriers of which are the "liquid" 
component atoms.  

 
4. Discussion of the Findings  
There are many photos with elements of a 

spherical configuration in the early papers on the 
metallography of cast irons, [16, 17], which did not 
attract the attention. Microstructures given in Figures 2 
and 3 were taken from classical papers on the structure 
and properties of high-strength and malleable cast irons 
with options for reconstruction of the arrangement of 
graphite inclusions.  
 

  
a b 

  
c d 

Figure 2. Microstructure of high-strength cast iron 
and distribution of graphite precipitates 
(reconstruction): (a, b) – ferrite, (c) – pearlite-cement 
carbide-ferrite, (d) - pearlite-ferrite matrices [16]. 
 

  
a b 

  
c d 

      Figure 3. Microstructure and distribution of 
graphite precipitates (reconstruction) in malleable cast 
iron (a, b) and high-strength cast iron (c, d) [17]. 

 
The following model of the structure formation 

processes during crystallization is proposed in the study 
in terms of near-eutectic alloys. It is known that phase 
transformations in the solid state, for example, in 
eutectoid and martensitic states, are mainly developed 
from grain boundaries of high-temperature phases. A 
similar situation should occur during the crystallization 
(a "melt → solid” phase transformation) in case of 
long-range order in the melts. Carriers of long-range 
order, similar to a solid, are the "liquid" component 
atoms, which form a specific "quasilattices" of 
macroscopic dimensions. The disturbance of order in 
such "quasi-lattice" leads to the formation of a "poly-
structure" structure of metallic liquids in the form of 
structural elements of a spherical configuration. 
Primary crystals of both before-eutectic and after-
eutectic phases only decorate the "grain" structure of 
the long-ordered liquid phase (metallic melt) similar to 
boundaries of former austenite grains in the pearlite and 
martensitic transformations.  

In this regard, it is necessary to note one more 
class of spherical formations in the liquid phase – the 
Rayleigh–Bénard convection. According to [18, 19], it 
represents the areas of "long-range" ordering recorded 
in the form of convection cells on the surface of the 
heated liquid layer. A a rule, the convective Bénard 
cells have a form of cylindrical shafts and regular right 
hexagonal prismsin section. The issue of their three-
dimensional configuration remains open for discussion. 
It is not inconceivable that in fact the cells represent 
thermally detectable (etched) "grains" of liquid; and 
convection only allows the information about the 
structure of the liquid phase embedded (coded) therein 
to appear.  

The following ideas on the structure of metallic 
melts arising from this study, are proposed to be 
discussed:  

•metal melts are long-range ordered 
heterogeneous systems, consisting of a "liquid" and 
"solid" component atoms mixture at temperatures 
above their melting points; 

• "liquid" atoms are carriers of long-range order in 
the melts and form "quasilattices" with dimensional 
parameters much larger than interplanar spacing in the 
crystalline lattice of a solid; 

• in the event of distortion of long-range order in 
the "quasilattice," a "poly-grained" structure of the melt 
occurs in the form of giant formations – the "grains" of 
a spherical configuration that carry hereditary 
information about the structure and natural topology of 
the liquid phase; 

• during the crystallization of near-neutric alloys, 
the "genetic code" or "genetic memory” of the liquid is 
manifested in the form of structural topological 
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heredity in the structure of a solid;  
• the spherical shape of the "grains" of the liquid 

and the "transparency" of their boundaries provide it 
with high mobility (flowability) and the ability to 
conform to the shape of the containing vessel. 

Thus, the "super-macroscopic" elements of the 
spherical configuration found in the near-eutectic alloys 
are directly related to the liquid phase of the substance 
matter and determine its spatial arrangement. They 
decorate the proeutectoid constituent during the grain 
crystallization and reflect the long-ordered "grain" 
structure of the melt, and its specific genetic code.The 
"genetic memory" of liquids on their natural topology 
manifests itself in these structural elements, which is 
fixed in the structure of the crystallized alloy by the 
transfer of hereditary information. 
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