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Abstract: The results of research of the influence of various physical effects (temperature-time treatment of the melt; treatment of the melt 
by constant electric current during crystallization; treatment of the melt by the gradient magnetic field during pouring into the mold) on the 
crystallization, mechanical and technological properties of casting aluminum alloys Al – Si – Mg, Al – Si – Cu, Al – Cu are considered in 
this topic. It is shown that complex treatment of the melt by physical effects achieves better results than treatment by only one physical effect. 
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1. Introduction 
 

Now the problem of obtaining aluminum alloys (and the castings of 
them) with a fine-grained structure, specified mechanical, 
technological and operational properties is still actual. 
Accumulation of waste products brings to look for the ways of 
savings and more efficient use of primary materials. Existing 
methods of melt treatment (such as refining, microalloying, 
modification of various additives, the use of physical effects, etc.) 
are improved.  
Physical (or external) effects on liquid during the melting, casting, 
crystallization (temperature-time treatment (TTT), ultrasound, 
vibration, electric and magnetic fields, etc.) represent the defined 
perspective. They apply to technologies of physical modification of 
structure, optimal realization of which allows to use increased 
amount of scrap and waste in the process of melting, to neutralize 
the effect of undesirable impurities and to get aluminium alloys 
with a fine-grained structure, specified chemical composition and 
properties, required level of gas and non-metallic inclusions. 
Physical effects have undeniable advantages over other methods of 
melt treatment: more favorable environmental conditions; expansive 
modifiers are not used; chemical composition of melt is not 
modified during the melting and unlike the technologies with usage 
of elements-modifiers it does not lead to the accumulation of 
excessive amounts of impurities in the alloys for further refining. 
But the practical application of these resource-conserving  
technologies for  shaped castings of aluminum alloys is hampered 
by insufficient knowledge of the processes. 
 

2. Results and Discussion 
 
Purpose of this research is to investigate effective resource-
conserving technologies of obtaining castings of aluminum 
alloys using physical effects of modifying such as temperature-time 
treatment, magnetic field during the pouring into the mold, an 
electric current during the crystallization. 
Objects of the research were industrial aluminum alloys of the three 
systems: Al-Si-Mg (alloys АК7ч, АК9ч, АК12), Al-Si-Cu (alloys 
АК5М2, АК5М7), Al-Cu (alloy АМ5). Pig aluminium alloys and 
secondary materials of these alloys were used for its preparation.  
Fusions were perfomed in a furnace ИСТ-0,06. Pouring of samples 
and specimens were performed at temperature 720…730 degrees 
Celsius which depends on the type of alloy. 
Treatment of melting by a constant magnetic field in the process of 
filling was performed by the device (patent of Russian Federation 
№ 69072) connected to the transformer and was specified as the 
cone inductive coil on the racks in which a ceramic chute with a 
funnel was installed and supplied to mold. During the melt 
treatment the magnetic field gradient was 0,55…0,88 T/m. 
Melt treatment by a constant electric current in the process of 
crystallization was performed by the device [1]. Electric current was 

passed along the axis of the casting in the process of its formation, 
starting from the liquid metal until it is complete solidification. The 
amperage during the treatment was 10…40 amp. The current 
density, respectively, varies in the range (0,30…1,20)105 amp/m2. 
For researching the process of crystallization of casting aluminium 
alloys there was used the device [2] in the work of which the 
methods of thermal analysis and differential thermal analysis are 
incorporated. 
Mechanical and technological properties, microstructure of the 
alloys were investigated in the research. On the basis of the research 
of crystallization and properties of the alloys there was proposed the 
following mechanism of influence of physical modifying effects on 
the crystallization of metal meltings. 
Physical modifying effects (temperature-time treatment, 
electromagnetic fields) on the melt during melting, pouring, 
crystallization promote to their mixing, increased turbulence and 
homogenization. As a result during crystallization of the melt 
longitudinal and transverse temperature and concentration gradients 
decrease (the rate of separating diffusion of components becomes 
slower), entropy of the system (the lifetime of the liquid phase) 
increases, time of crystallization in the range of the liquidus-solidus 
and full-time solidification increase with minimal temperature 
gradient dT/dx, convective flows are virtually absent; separating 
diffusion in the laminar film at the crystallization front slows down 
and takes the molecular nature. 
Thus, according to the proposed mechanism, all the physical effects 
homogenize melt for concentration and temperature, increase the 
entropy of the system and the stability of the liquid state. Decrease 
of temperature (dT/dx) and concentration (dC/dx) gradients leads to 
a reduction of convective and concentration  flows  in 
the melt during crystallization from the liquid phase to the 
crystallization front, or to a single germ. Due to the reduction of 
gradients (dT/dx, dC/dx) crystallization passes from the front-
dendritic  stage to volume stage with the formation of fine-
grain non-oriented dendritic structure. At the same time liquating 
processes are suppressed. 
The following expressions were obtained by 
mathematical transformations for spherical germs [3]: 
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where к– radius of critical germ of crystallization;  
 – current pulse, which arises due to transition of electrons from 

the ionization level of the free atom of the disordered zone at the 
Fermi level of the germ; 

 
∆
 – potential jump at the boundary of the cluster with a 

disordered zone; 
  – the equilibrium temperature of crystallization; 

SCIENTIFIC PROCEEDINGS IX INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2012 PRINT ISSN 1310-3946

YEAR XX, VOLUME 1, P.P. 95-97 (2012)95



 
∆

∆
 – the rate of cooling of the melt during the crystal nucleation; 

  – density of the melt; 
 

 – the number of nuclei per unit volume of the melt;  
 – specific heat of crystallization of the melt;  
 – heat capacity of the melt;  
Δ п – supercooling of the melt. 
Experimental results of study of the process of crystallization 
(Table 1) show that the use of temperature-time treatment of the 
melt (composition АК7ч, АК5М2, АМ5) reduces temperature 
range of the crystallization (ТLS) to 6…11 degrees, and the 
complex  technology of the melt treatment by temperature-time 
treatment, magnetic field or electric current reduces temperature 

range of the crystallization to 8…15 degrees. The total time of 
solidification of alloys П (which is measured from the pouring 
temperature until the end of standing of solidus temperature) after 
temperature-time treatment of melts increases from 
basetime to 1,11…1,16 times, and after the complex  technology of 
the melt treatment by temperature-time treatment, magnetic field or 
electric current it increases  to 1,19…1,28 times. The growth 
of crystallization time in the range of the liquidus-solidus increases 
the total time of solidification П of the alloy (the range  ТLS 
narrowed in magnitude). The time of crystallization of the 
modified alloy increases due to reducing the convective heat, rising 
the viscosity of the crystallizing melt. 

 
 
Table 1 – Parameters of crystallization of alloys АК7ч, АК5М2, АМ5 processed by physical effects1, 2 

 

Melt treatment technology 
TL, degrees 

Celsius 
TS, degrees 

Celsius 
ТLS, 
degrees 

П, 
sec 

increaseП, 
times 

rк 107, m 
n0 10-14, m-

3 

Alloy АК7ч (100 percent of pig material) 

Source (no treatment) 625 580 45 57 - 0,9253 0,1083
TTT 619 580 39 63 1,11 0,3322 0,3071 

Electric current  618 579 39 62 1,09 0,4815 0,2173 

Magnetic field  618 578 40 65 1,14 0,4056 0,2453 

TTT + electric current 617 579 38 68 1,19 0,3071 0,3291 
TTT + magnetic field 616 579 37 70 1,22 0,2098 0,4669 

Alloy АК7ч (50 percent of pig material + 50 percent of low-grade charge3) 

Source (no treatment) 626 580 46 55 - 0,9706 0,1029 

TTT 618 578 40 64 1,16 0,3689 0,2688 

Electric current  617 579 38 64 1,16 0,5058 0,2011 

Magnetic field  618 579 39 62 1,13 0,4588 0,2114 

TTT + electric current 614 578 36 69 1,25 0,3100 0,3196 

TTT + magnetic field 614 579 35 68 1,24 0,2271 0,4043 
Alloy АК7ч (100 percent of low-grade charge) 

Source (no treatment) 628 579 49 54 - 0,9997 0,1005
TTT 615 577 38 62 1,14 0,4234 0,2095 
Electric current  613 577 36 60 1,11 0,5431 0,1842 
Magnetic field  615 578 37 61 1,12 0,4979 0,2096 
TTT + electric current 612 577 35 68 1,26 0,3239 0,3087 
TTT + magnetic field 612 578 34 69 1,28 0,2658 0,3854 

Alloy АК5М2 (15…20 percent of pig material + 80…85 percent of low-grade charge) 

Source (no treatment) 627 583 44 59 - 1,1932 0,0415
TTT 618 581 37 68 1,15 0,5982 0,0811 
Magnetic field 620 581 39 70 1,17 0,6591 0,0754 
TTT + magnetic field 616 581 35 74 1,25 0,4071 0,1124 

Alloy АМ5 (15…20 percent of pig material + 80…85 percent of low-grade charge) 
Source (no treatment) 656 549 107 63 - 0,9567 0,1015
TTT 648 547 101 71 1,12 0,4827 0,2121 
Magnetic field 649 548 101 69 1,10 0,5326 0,1796 
TTT + magnetic field 646 547 99 75 1,19 0,3305 0,2874 
 

1 Modes of TTT were as follows: for the alloy АК7ч – Т  = 970…980 degrees Celsius, τ = 7…10 min (100 percent of pig 
material in the charge); Т = 1000…1020 degrees Celsius, τ = 10…12 min (50…100 percent of secondary material in the 
charge); for the alloy АК5М2 – Т = 970…990 degrees Celsius, τ = 8…10 min; for the alloy АМ5 – Т = 950…970 degrees 
Celsius, τ = 7…10 min. 
2 Alloys were processed by electric current (j = 0,92·105 amp / m2)  during the crystallization, by magnetic field (with the 
gradient B/x = 0,55…0,88 T / m) during the pouring into the mold.  
3 Low-grade charge contained in all versions: 50 ... 55 percent – small scrap alloys, 45 ... 50 percent – briquetted chips of the 
alloys. 
 

 
Estimated calculations of rк (1) и n0 (2) were conducted for the cast 
cylindrical billets of 300 mm and dia. 26 mm (alloys АК7ч, АМ5, 
АК5М2), poured in the sand-clay form (Table 1). The initial mold 
temperature is 293 k. Table 1 shows that the treatment of melts by 

TTT (both separately and in combination with other physical 
effects) leads to decrease rк and increase n0. As a result, due to the 
volume character of crystallization a fine-grained structure formed 
in alloys, which was confirmed by metallographic studies. It should 
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be noted that the physical effects had a greater effect on the alloys 
of the charge with a high amount of scrap and waste. 
It was found that the complex treatment of the melts by TTT and 
electromagnetic effects produced alloys with fine grain structure 
and the required mechanical and technological properties, and 
opened up opportunities for the development of resource-saving 
technologies to produce cast aluminum alloys. Mechanical 
properties of alloys АК7ч, АМ5, АК5М2 increased: В – by 
17…35 percent;  – by 50…98 percent, hardness – by 5…10 
percent, which was a consequence of grinding components of the 
microstructure. Fluidity of alloys АК7ч, АМ5, АК5М2 increased 
by 18 ... 25 percent. Hot brittleness of the alloy АМ5 after the 
complex treatment by TTT and magnetic field was reduced by  
2.5 ... 3 times. 
 

3. Conclusion 
 
The influence of complex treatment of melts on the crystallization 
and properties of aluminum alloys by temperature-time treatment 
and electric current, temperature-time treatment and the magnetic 
field was investigated for the first time. It was established that the 
physical impact on the melt, leading to the modifying effect, 
contributed to the change of time and the width of the temperature 

range of crystallization and increasing of the total time of 
solidification of alloys. A positive effect of temperature-time 
treatment and electromagnetic effects on the mechanical and 
technological properties of cast aluminum alloys of the charge 
containing up to 80 ... 100 percent of scrap was revealed in the 
research. 
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