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A method of formation of duralumin plates from the melt under conditions of hydrostatic 
pressure is investigated. The mechanism of the action of high pressure on the structure of 
the metal during crystallization is discussed. Results from the measurement of density, 
strength, and specific electrical resistance are presented, 

A se r ious  drawback  of the known method of p r e p a r i n g  p la tes  f r o m  a duralumin ro l l  sheet  is the p r e s -  
ence of in t e rme ta l l i c  inclusions,  hotes,  and res idua l  s t r e s s e s  in the p la tes .  

In the p r e s e n t  work  a s imple  and effect ive method of p r epa r ing  pla tes  is  used; it involves  crushing 
the mel t  toge ther  with the mold containing it. The mold (Fig. 1) is made in the fo rm of a s teel  r ing 1 and 
a s tee l  backing 2. Before  pouring the mel t  into the r ing the mold is  heated to the t e m p e r a t u r e  of the  melt .  
On crushing,  the metal ,  contained inside the  r ing between the cold dies 3, cools rapidly,  c rys t a l l i ze s ,  and 
congeals  to the r equ i red  t e m p e r a t u r e .  The  p r e s s u r e  developed in the mel t  during crushing  can be d e t e r -  
mined f rom the fo rmula  

~ ~ (i) 

where F is the pressing force, D, 5 are respectively the diameter and thickness of the ring, and ~ is the 
yield point of the material of the ring. 

For F=3" 105 kg, D =i0 cm, 5 =0.25 cm, g =4 �9 103 kgf/cm ~ the pressure, obtained from formula (i), 
is p =3500 arm. In view of the small withdrawal of the melt in the formation of thin plates by this method, 
a material of any required composition and high physical and chemical purity can be used as the original 
material. 

The pores in a metal obtained by the ordinary method appear mainly due to emanation of gas during 
solidification of the melt and due to its shrinkage. 

According to the ideas set forth in [1] the process of crystallization of the melt under pressure can be 
considered to occur in the following way. 

During the c rush ing  of the  
the su r face  of the cold dies  with 
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Fig. 1 

mold with the melt the crystallization has a directed nature; it sta~s from 
the formation of primary dendrites. Both crystallization fronts extend 
into the depth of the metal toward each other. The shrinkage occurring 
here is freely made up by liquid metal; the decrease in the volume of the 
liquid metal is automatically compensated for by making the dies come 
closer by the required amount. In course of time the initial dendrites of 
each front expand and join each other. By this time the shrinkage can 
be made up by the metal penetrating into the shrinkage cavities along nar- 
row interdendrite channels. But this is not always possible in view of 
the presence of surface forces that obstruct the flow of the liquid metal. 
The existence of surface forces can be accounted for by the formation of 
foreign film on the walls of the channel, which is nonwetlable by the melt; 
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this film may consist  of, for example, products  of interaction of the metal with the evolved gases.  If the 
excess  p r e s s u r e  in the liquid phase is insufficient for overcoming the forces  of surface tension, viscosi ty,  
b a c k - p r e s s u r e  of the gases  in the cavity, etc., then in te rc rys ta l  cavities are  not filled and remain  in the 
metal  in the form of pores .  On the other  hand, if the neces sa ry  p r e s s u r e  drop always occurs ,  then as the 
crysta l l iza t ion front moves toward the liquid phase the newly formed in te rc rys ta l  cavities will be filled 
by the liquid metal. 

The liquid metal, flowing along the channel inside a pore, c rys ta l l izes  par t ly  on its walls, as a resul t  
of which the c ross  section of the channel decreases .  Its t r ansmiss ion  capability will remain nonzero until 
the surface-tension forces  compensate for the press ing  force from the excess p r e s s u r e  completely. Under 
the assumption of complete nonwettability of the channel walls by the metal, the d iameter  at which it gets 

blocked is given by the formula  

d =  4~. (2) 
P 

where ~ is the surface-tension coefficient. 

As the p r oce s s  develops, the dendri tes growing from the opposite dies toward each other join and en- 
close the par t  of the p ress ing  s t ress .  As a result  the excess p r e s s u r e  in the liquid phase decreases .  For  
a fur ther  filling of the shrinkage cavities it is n e c e s s a r y  that the p r e s s u r e  p, determined from formula (1), 
be l a rge r  than the ult imate s trength of the formed plate. 

It is obvious from formula  (2) that the la rger  the p r e s s u r e  p of the melt, the longer  the flow of the 
melt  through the channel lasts.  For  p =3500 atm, ~ =700 dyn/cm [2], the blocking of the channel occurs  when 
its d iameter  dec reases  to 0.01 ~. Besides,with the increase  in the p re s su re  drop the velocity of the liquid 
metal v ~ ~-p in the channel increases .  Hence the t ime required for filling a hole decreases  correspondingly. 
Thus an increase  of the p r e s s u r e  in the liquid phase leads to a more complete filling of the shrinkage cavi-  
t ies ,  as a result  of which thei r  s izes  decrease .  

Gas holes appear  due to the p resence  of a dissolved gas in the liquid metal. According to [3] gases ex- 
t r ac t ed  f rom aluminum and its alloys consist  mainly of hydrogen. F rom the available data [4] hydrogen 
compr i ses  78% of the total volume of the gases  absorbed by melted aluminum at 1200~ This is explained 
by the small  size of the hydrogen atom [5], which permi t s  it to diffuse into the metal even at room t e m p e r a -  

ture.  

Since the solubility of hydrogen in aluminum decreases  with the cooling of the melt, being in excess it 
must  escape out f rom the melt. The p roces s  of gas emanation occurs  in the entire volume of the melt with 
the formation of gas bubbles inside. Due to the increase  of ductility of the melt on cooling and appearance 
of growing crystals ,  a par t  of these bubbles does not escape and forms gas holes inside the cast. 
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At constant t empera tu re  Sieverts '  relation [6, 7] must hold between the solubility S of hydrogen and its 
p r e s s u r e  p in a gas bubble: 

s = k l / T  

where k is a constant that depends on the temperature and the properties of the metal. On the other hand 
the pressure p inside the gas bubble is completely determined by the external conditions [8], i.e., by the 
pressure Pa of the external medium on the surface of the melt, the hydrostatic pressure P2, and the pressure 
2ff/r determined by the surface tension c~ at the gas-metal boundary and the radius r of the initial bubble. 

Under the condition 

(S/k) 2 < Pa -}- P~ "~ 2u/r 

gas emanation does not occur.  

The most  intense gas emanation is observed during hardening of the melt, since the solubility of hydro-  
gen in aluminum is great ly  reduced. For  example, for aluminum saturated by hydrogen f romthe  atmosphere,  
at a tmospher ic  p r e s s u r e  it dec reases  f rom S 1 =0.69 cm3/100 g in liquid state to S 2 =0.036 cm3/100 g in solid 
state [9]. But it should be r emarked  that the solubility of hydrogen in aluminum in other  conditions can be 
substantially different f rom the values given above. Thus it is known [10] that hydrogen obtained in the 
react ion of aluminum with water  vapor  is dissolved considerably more easi ly  than that obtained in the 
dissociat ion of molecular  hydrogen. 

An increase  of the p r e s s u r e  on the melt during crysta l l izat ion to a value at which the solubility of 
hydrogen in solid state increases  to a value corresponding to its content in the melt leads to a complete sup- 
p ress ion  [11] of the p rocess  of gas emanation. Fur the rmore ,  the high external  p r e s s u r e  compresses  the 
holes in the metal, making it still more  dense. 

In the presen t  work grade D16 duralumin in the form of hot- rol led bar  is used as the initial mater ia l .  
The mic ros t ruc tu re  of the metal  crys ta l l ized under a p r e s s u r e  p =3500 arm in the equipment descr ibed at 
the beginning of the ar t ic le  is shown in Fig. 2. It differs f rom the initial mic ros t ruc tu re  (Fig. 3); it has 
finer grains, and there  are no holes inside the metal  (amplification 300). As a resul t  the density of the ob- 
tained metal  inc reases  compared to that of the original metal by 3.3%, i.e., f rom p~ =2.687 g / c m  3 to P2 = 
2.776 g / c m  3, as shown by measurements  made with an accuracy  of • 0.25%. The x - r ay  analysis did not 
show any changes in the c rys ta l lographic  s t ructure  of the metal. 

A chemical  analysis  of the original  metal and the metal obtained after  crysta l l izat ion under p r e s -  
sure,  which was done to determine the difference in the contents of individual components (Cu, Fe, Si, Mg, 
etc.), showed that the composition is the same within the l imits of the e r r o r s  of measurements .  The e r r o r  
in the measurement  of the copper and iron components,  which have the most pronounced effect on the den- 
sity of the alloy, compr ises  • 0.08% and • 0.01% respect ively.  The var ia t ions  in the density of the alloy 
due to these var ia t ions  in copper and iron content should not exceed • 0.2% . This gives a basis  for the 
assumption that the 3.3% increase  in the density of the metal crys ta l l ized under p r e s su re  is due to the de- 
c r ease  of its porosi ty .  

Mechanical tes t s  of the obtained metal show that its s trength is the same as that of the original  forged 
duralumin and it has an ultimate s trength of 30 • kg/mm2,which is 25-30% higher than the strength of 
annealed duralumin of the same grade. 

It is found f rom measurements  that the specific e lec t r ica l  res is tance  is 10-12% higher than in the 
case of the original forged metal and compr ises  6.35 • 0.1" 10 -8 gt �9 cm. This can be accounted for by the 
difference in the i r  mic ros t ruc tu res .  In the original metal (Fig. 3) the impuri t ies  occur  in the form of i so-  
lated coarse  inclusions. In the metal  obtained after  crystal l izat ion under p r e s s u r e  the impuri t ies  are  con- 
centrated along the boundaries of the grains in the form of seams which insulate the grains f rom each other. 
Therefore  the res is tance  offered to an e lectr ic  cur rent  is higher. 

If the metal c rys ta l l ized  under p r e s su re  is subjected to fur ther  forging, one can apparently expect an 
inc rease  in the e lec t r ica l  conductivity and the mechanical strength. 

Thus a high p r e s s u r e  applied to the melt during crysta l l izat ion inhibits the p rocess  of hole formation 
and c rea tes  conditions for obtaining dense and strong metal. 
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