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(57) ABSTRACT 
The invention relates to poWder metallurgy and can be used 
for producing porous materials having high thermal and 
sound insulation and energy absorption combined With light 
mass, incornbustibility and the ecological cleanness thereof. 
According to said invention, during mixing a poWder of an 
aluminum alloy With porophores, the poWders of aluminum 
oxide and aluminum hydroxide ranging from 1 to 10% and 
crushed particles of secondary aluminum alloys of the 
dimensions ranging from 0.5 to 4.5 mm are added to the 
poWder mixture. The particles are mixed in an atrittor until 
a mechanically alloyed poWder alloy is obtained. The poW 
der mixture being heated, it is poured in a vertical container 
Which vibrocompacts the mixture and maintains the tem 
perature thereof. Afterwards, said mixture is transferred to 
the rectangular groove of a rolling mill in order to carry out 
a continuous hot compaction in a dead groove of horizontal 
rollers at a temperature ranging from 430 to 500° C. accord 
ing to the folloWing condition: H=h><y><a, Where H is an 
opening betWeen rollers along the arc of contact in mm, h is 
the thickness of the produced sheet, y is a compaction ratio 
of the poWder, a is an experimental ratio equal to 1.5=a=4.5. 
Said invention reduces production cost by using aluminum 
alloy refuses, expanding the range of sheets and plates and 
increases the efficiency of the production thereof. 
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METHOD FOR PRODUCTION OF POROUS 
SEMI-PRODUCTS FROM ALUMINUM ALLOY 

POWDERS 

FIELD OF THE INVENTION 

[0001] The invention relates to the ?eld of powder met 
allurgy and can be used for producing porous materials 
shoWing a number of unique properties such as good thermal 
and sound insulation and energy absorption in combination 
With light Weight, incombustibility and absolute environ 
mental safety. Material With this set of physical and 
mechanical properties can be used for production of com 
ponents for building machinery, road construction, motor 
vehicle industry, aircraft industry and other branches of 
industry Wherein combination of these properties can be 
desired. 

[0002] The method comprises mixing of poWders of an 
aluminum alloy selected from the group consisting of 
Al—Si—Cu—Mg, Al—Cu—Mg—Si, Al—Mg—Si, 
Al—Mg—Cu—Si (cast alloys), Al—Cu—Mg—Mn, 
Al—Mg—Cu, Al—Zn—Cu—Mg, Al—Zn—Mg—Cu 
(Wrought alloys), Which contain surface aluminum oxide 
(0.5-1.5 Wt %) formed during atomiZation, With poWders of 
A1203 and aluminum hydroxide ranging from 1.0 up to 10 
Wt % and active porophore TiH2 from 0.5 up to 1.2 Wt % 
shoWing a decomposition temperature above that of poWder 
aluminum alloy matrix melting, or mixing of crushed scrap 
particles of certain Wrought, aluminum alloys Which meet 

requirements speci?ed for AMLI, AII31, AII33, AM1‘3, 
AM1‘5, 1116 and cast alloys (scrap particles being 0.5-4.5 
mm in siZe) With a mixture of aluminum oxides and poro 
phore by mechanical alloying. Addition of aluminum oxide 
together With aluminum hydroxide ranging from 1.0 up to 
10% both in aluminum poWder and in mixed crushed scrap 
ensures a noticeable increase in viscosity of melt. The 
poWder mixture or mechanically alloyed mixture produced 
in an attrittor is fed as a uniform layer on a conveyer of a 
heating furnace. Heating of said mixtures is carried out in 
nitrogen atmosphere (deW point is —40° C.) in a temperature 
range from 450 up to 600° C. under an excessive pressure 
from 10 up to 100 mm H2O. Each heated poWder mixture is 
poured in a loading bin of a vertical rectangular chute 
Wherein the preheated mixture is uniformly compacted due 
to vibration and transferred from top doWnWards. Cooling 
doWn of said mixture during transportation in the vertical 
rectangular chute is prevented as it gets through a heating 
furnace Wherein the desired temperature is maintained in a 
range of 450-600° C. depending on poWder alloy composi 
tion and other process parameters. Travel speeds of said 
mixture on the conveyer of the preheating furnace and in the 
vertical chute are the same. From the funneled opening of 
the chute the heated mixture is fed to a rolling mill With rolls 
arranged horiZontally and each of them has an internal 
turned groove With a depth equal to a half of a thickness of 
a hot-compacted semi-product to be produced from said 
poWder mixture. A chosen rolling speed or speed of pulling 
the hot poWders in a hot compaction Zone betWeen the rolls 
should be in agreement With that of poWder transportation 
by means of the vertical vibrating chute and With that of 
poWder transportation on the conveyer in case of poWder 
preheating in the furnace under nitrogen atmosphere. Side 
ridges of the turned grooves of each roll touch each other 
and thereby create close rectangular space Which forms ?nal 
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siZes of a compacted sheet semiproduct produced from the 
poWder mixture. The side ridges of the rolls con?ne trans 
verse movement of poWder particles When they fall Within a 
?eld of forces applied vertically in a closed space. Creation 
of the stringent closed space in the force application area of 
the yield elongation Zone results in a change of the scheme 
of the stress-strained state. Namely, the scheme of the 
stress-strained state, in case of rolling With the use of the 
smooth rolls, ensures deformations in three direction: the 
most intensive deformation in the rolling direction and slight 
deformation in the transverse direction, Which causes Wid 
ening of the sheets during rolling. In case of the use of the 
grooved rolls forming a closed groove, under certain con 
ditions of poWder feeding, proposed by the present inven 
tion, conditions for formation of the stress-strained state 
corresponding to extrusion With the unidirectional deforma 
tion vector, as in case of hot extrusion on a hydraulic press, 
are created, i.e. plastic deformation develops in the direction 
of the main deformation vector. Under certain conditions 
proposed by the present invention, hot compaction of the 
poWder mixture can be carried out betWeen the rolls of the 
rolling mill to obtain a relative compact density up to 
0.97-0.99% and to produce a hot-compacted continuous 
strip or sheet from 150 up to 1500 mm in Width and from 3 
up to 15 mm in thickness. 

[0003] Conditions of formation of a continuous hot-com 
pacted or hot-extruded ?at sheet semiproduct betWeen the 
special rolling mill rolls Which form a closed space of a 
poWder rolling mill can be described by the following 
equation: H=h><Y><(X, Where: 

[0004] H is an opening betWeen the rolls along the 
arc of contact, mm; 

[0005] h is a thickness of the compacted sheet, mm; 

[0006] y is a compaction coef?cient 

[0007] 0t is an experimental coef?cient, Where 
1.5Zoti45. 

[0008] As a result of application of forces close to volume 
stressed state in the yield elongation Zone and at a tempera 
ture of 450-500° C., active interactions of poWder mixture 
particles or particles develop. PoWder particles draWing 
together by forces undergo partial destruction of oxide ?lms, 
Which is accompanied by formation of juvenile surfaces, or 
direct convergence When the oxide ?lm is particle-particle 
interface. As a result of a temperature and by forces in the 
yield elongation Zone, due to active diffusion, neW strong 
metallic bondings are generated betWeen poWder particles 
both in contact areas With pure juvenile surfaces and in 
contact areas With metalliZed oxide ?lm. These strong 
metallic bondings can sustain noticeable tensile stresses in 
case of the change of stress-strained state and transition from 
hot compaction to hot extrusion in the rolling mill When a 
continuous sheet With a preset thickness is produced. The 
hot compacted sheet produced is cut to blanks. Such blanks 
are placed in forms lateral side of Which are made from 
heat-insulating material. The degree of blackness of this 
material is noticeably differed from that of aluminum. Bot 
toms of the forms are made from a refractory steel sheet or 
a net With small mesh. The form, on the one hand, is a 
transport means in Which the blank is fed for heat treatment, 
and, on the other hand, it creates a thermostating space for 
the blank heated during heat treatment. High-temperature 
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heat treatment is carried out by heating of the blank above 
a temperature of solid-liquid phase transformation. Termi 
nation of the foaming process is determined visually, When 
contrast aluminum edge appears above the form Wall. The 
form is taken out of a furnace, its surface is cooled doWn and 
the foaming is arrested at the desired height. 

[0009] The technical result obtained due to realiZation of 
the invention incorporates high output, creation of Waste 
free production, loW production costs of commercial porous 
sheet semiproducts due to the use of scrap or secondary 
aluminum alloys both in case of production of atomiZed 
poWder and in case of production of grinded particles of 
certain aluminum alloys With subsequent milling in the 
attritor for production of the mixture With desired chemical 
composition. 

[0010] The invention relates to the ?eld of poWder met 
allurgy and can be used for producing porous semiproducts 
for building machinery, road construction, motor-vehicle 
industry, aircraft industry and other branches of industry 
Wherein combination of unique properties of this material, 
such as isotropy of properties, energy absorption, thermal 
and sound insulation, light Weight, buoyancy and absolute 
environmental safety are desired. 

BACKGROUND OF THE INVENTION 

[0011] Already knoWn in the prior art, there is a method 
for production of porous semiproducts from poWder alloys 
based on aluminum and copper, that incorporates mixing of 
alloy poWder With a porophore, ?lling of the mixture in a 
press container, simultaneous heating of the ?lled container 
and applying pressure at Which the porophore does not 
decompose, simultaneous cooling and release of the pres 
sure, disassembling of the container folloWed by pushing of 
the solid briquette out of it, Which is immediately heat 
treated to produce a porous body or is subjected to prelimi 
nary hot deformation via extrusion and subsequent rolling 
for production of sheets Which are cut to length and heat 
treated (German patent No. 4101630, B 22 F 3/18, B 22 
F/24, 1991). 
[0012] Limitation of this method is a very small range of 
semiproducts in terms of siZes and shape, Which can be 
produced by this method as Weight of the briquette is 2-5 kg. 
In addition, this method shoWs a very loW output because of 
the prolonged heating of the large siZe press container ?lled 
With the poWder mixture. Even in the case Where the poWder 
mixture Would be heated in a container of 100 mm in 
diameter and 400 mm in height, the heating operation Would 
be unpro?table. 

[0013] Also knoWn, there is a method for production of 
porous semi-products, Which incorporates several variants 
for production of compact briquettes folloWed by rolling for 
sheet production. HoWever in cases of all variants of this 
method, mixing of a metallic poWder With at least one 
poWder, porophore, is the main and common operation. 

[0014] The ?rst variant includes placement of porophore 
free metallic layer on the bottom ?oor of a press container, 
covering of the metallic layer With a poWder mixture con 
taining a porophore and then covering of the poWder mixture 
With the second metallic layer. After heating of the container 
Wherein the ?lled poWder mixture is betWeen tWo installed 
plates hot compaction is carried out. This operation com 
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pletes the method. The hot-compacted shape of a body 
produced can be changed via subsequent hot rolling for 
formation of a neW body Wherein a high-porous foamed 
metallic layer appears betWeen tWo metallic layers. 

[0015] The second variant includes installation of a large 
siZe solid metal disc in an empty press container (extrusion 
tooling) and ?lling of the container space With a poWder 
mixture containing a porophore. Then, the container With the 
poWder mixture is subjected to heating folloWed by appli 
cation of a pressure of about 60 MPa. Due to the applied 
pressure, the central part of the hard metallic disc Which 
blocks the press die hole begins ?oWing through this hole 
and ensures extrusion process. During subsequent extrusion 
stages the compacted poWder mixture plastically deforms 
and ?oWs through the die hole also. In this case the hard 
metal covers the extruded poWder mixture Which able to 
foam under the hard metallic layer. Then, the hot-extruded 
clad strip is rolled in sheet. The hot-rolled sheet is cut to 
blanks and subjected to heat treatment. After foaming of this 
combined body the metallic layer covers a core consisting of 
high porous foam. 

[0016] The combined hot-compacted and hot-extruded 
briquettes produced via both variants of the method should 
be further subjected to hot rolling for production of sheets or 
plates. Due to a heat treatment temperature the poWder core 
is transformed in a porous metallic body (US. Pat. No. 
5,151,246. September, 1992. B 22 F 3/18, B 22 F 3/24). 

[0017] Also knoWn in the prior art, there is a method for 
production of porous semi-products With the usage of reus 
able split cans. The method includes ?lling of a mixture of 
aluminum and copper poWder (from 1 up to 10%) With a 
porophore in these cans, sintering of the mixture in an inert 
gas How in the split can, pushing of the hot solid briquette 
in a press container for subsequent extrusion to produce a 
bar. The bar With a clad layer or Without it is cut to length 
and is rolled to sheets of commercial siZes and then heat 
treatment is carried out for production foamed aluminum 
(Patent RU No. 2121904 of Nov. 20, 1998, B 22 F 3/11). 

[0018] In spite of some advantages in comparison With the 
above method, said method has a number of limitations 
peculiar to it, namely inadequate output and product yield, 
that results in an increased production costs of semiproducts. 

[0019] Said method and the above one are the most similar 
analogues (phototypes) in terms of the set of properties. 

[0020] Limitations of this method as Well as all the above 
methods are limited possibility of production of semi 
products, especially sheets of commercial siZes, loW product 
yield and output, high production costs. LoW product yield 
is attributed to formation of large amount of scrap during 
extrusion (butt-ends, head and back ends) and during rolling 
(side crops and back end crops). 

[0021] The purpose of the present invention is production 
of continuous hot-compacted or hot-extruded sheets of com 
mercial siZes by means of direct hot compaction or hot 
extrusion of a mixture of poWders of various chemical 
composition With a porophore or a mixture of coarse par 
ticles of 0.5-4.5 mm in siZe With a porophore mechanically 
alloyed in an attritore and also of grinded particles of certain 
aluminum alloys in a rolling mill. 

[0022] The task of the invention is a noticeable improve 
ment in output, product yield up to 95-97%, a reduction in 
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production costs due to the use of aluminum alloy scrap, 
Widening of a range of sheets and plates With an increase in 
sheet area up to 2.5-3% square metres. 

[0023] The most similar analogue of the invention is a 
method for production of porous semiproducts and alumi 
num alloy poWders. The method includes mixing of an 
aluminum alloy poWder With a porophore shoWing a decom 
position temperature above that of aluminum alloy poWder 
melting, With addition of a copper poWder from 1 up to 10%, 
?lling of this mixture in a mould, heating of this mould ?lled 
With the poWder mixture, pushing of the hot mixture in a 
press container, hot extrusion for production of a solid 
briquette, cooling, hot deformation, for example, rolling, cut 
of a rolled sheet to length, placement of the blanks produced 
in forms With heat-insulating material Walls and subsequent 
high temperature treatment for conduct of forming process 
at a liquidus temperature of the poWder alloy. In this case, 
alloys of Al—Cu—Mg, Al—Zn—Cu—Mg, Al—Zn—Mg, 
Al—Mg or Al—Si—Cu—Mg systems are used as poWder 
aluminum alloys and nitrogen or argon are used as inert 
gases during heating of the poWder mixture. For production 
of clad strip heating of the poWder mixture is carried out in 
the mould Wherein aluminum disc is placed on the bottom 
(RU 2121904, Nov. 20, 1998, B 22 F 3/11). 

[0024] The common signs of the knoWn method and this 
invention are mixing of an aluminum alloy poWder With 
porophores shoWing a decomposition temperature above 
that of aluminum alloy poWder melting, ?lling of the mix 
ture in a mould, heating of the mould in an inert gas 
atmosphere, hot compaction, extrusion, cutting-to-length, 
hot rolling to sheets, cutting of the sheets to blanks, place 
ment of them in a form With heat-insulating material Walls, 
subsequent high temperature treatment for conduct of foam 
ing process at a liquidus temperature of the poWder alloy and 
cooling. 

DESCRIPTION OF THE INVENTION 

[0025] The method of the present invention differs from 
the prior art by the fact that during mixing of an aluminum 
alloy poWder With porophores, oxide and hydroxide alumi 
num poWder additions from 1.0 up to 10% are made in the 
mixture or porophores to be added and aluminum oxides are 
mixed With coarser aluminum alloy particles from 0.5 up to 
4.5 mm in siZe in an attritor to produce mechanically alloyed 
poWder alloy, after heating the various poWder mixtures are 
?lled in a mould installed vertically Which ensures simul 
taneous vibratory compaction and maintenance of a tem 
perature of the poWder mixture, and hot consolidation (com 
paction or extrusion) is carried out by feeding of the poWder 
mixture in the grooved horiZontal rolls of a rolling mill at a 
temperature of 430-500° C. provided that the folloWing 
conditions are observed: 

[0026] H is an opening betWeen the rolls along the 
arc of contact, mm; 

[0027] h is a thickness of the compacted sheet, mm; 

[0028] y is a poWder compaction coef?cient; 
[0029] 0t is an experimental coef?cient, Where 

1.5 201 24.5 . 

[0030] The present invention concerns a method for pro 
duction of porous semi-products from aluminum alloy poW 
ders comprising the steps of: 

Dec. 23, 2004 

[0031] I) Mixing of poWders of an aluminum alloy 
selected from the group consisting of Al—Cu— 
Mg—Mn, Al—Si—Cu—Mg, Al—Cu—Mg—Si, 
Al—Mg—Si, Al—Mg—Cu—Si (cast alloys), 
Al—Cu—Mg—Mn, Al—Mg—Cu, Al—Zn—Cu— 
Mg, Al—Zn—Mg—Cu (Wrought alloys) With addi 
tion of a mixture of aluminum oxide and aluminum 
hydroxide ranging from 0.5 up to 10 Wt % and active 
porophore TiH2 ranging from 0.5 up to 1.2 Wt % 
shoWing a decomposition temperature above that of 
poWder aluminum alloy matrix melting or mixing of 
coarse particles of crushed scrap of certain Wrought 

aluminum alloys AMLI, A2131, AII133, AM1‘3, 
AM1‘5, 1116 and other cast alloys (scrap particles 
being 0.5-4.5 mm in siZe) With a mixture of alumi 
num oxide and a porophore in an attritore by the 
mechanical alloying technique. 

[0032] II) Feeding of the poWder mixture of step I as 
a uniform layer on a conveyer of a heating furnace. 
Heating of the mixture in nitrogen atmosphere at a 
temperature range of 450-600° C. under an excessive 
pressure from 10 up to 100 mm H20; 

[0033] III) Feeling of the pre-heated mixture of step 
II in a loading bin of a vertical chute Wherein the 
pre-heated mixture is uniformly compacted due to 
vibration and transferred from top doWnWards; 

[0034] IV) Filling of the pre-heated mixture of step 
III in a heating furnace Wherein the desired tempera 
ture is maintained in a range of 450-600° C. depend 
ing on poWder alloy composition and other process 
parameters to prevent cooling-doWn of said mixture 
during transportation on the chute; travel speeds of 
said mixture on the conveyer of the preheating 
furnace and in the chute are the same; 

[0035] V) Feeding of the pre-heated mixture of step 
1V from the funneled openting of the chute to a 
rolling mill With horiZontal rolls, With each roll 
having an internal turned groove Which depth is 
equal to a half of thickness of a hot-compacted sheet 
semiproduct to be produced. A chosen rolling speed 
or speed of pulling said pre-heated mixture in a hot 
compaction Zone should be in agreement With that of 
pre-heated mixture transportation by means of the 
vertical vibrating chute and With that of poWder 
transportation on the conveyer in case of poWder 
preheating in the furnace under nitrogen atmosphere 
of step II. Side ridges of the turned grooves of each 
roll touch each other and thereby create close rect 
angular space Which forms ?nal siZes of a hot 
compacted sheet semiproduct produced from said 
poWder mixture. The side ridges of the rolls con?ne 
transverse poWder particle movement by rolling 
forces. Creation of the stringent groove in the force 
application area of the yield elongation Zone results 
in a change of the scheme of the stress-strained state. 
Namely, the scheme of the stress-strained state, in 
case of rolling With the use of the smooth rolls, 
ensures deformations in three directions: the most 
intensive deformation in the rolling direction and 
slight deformation in the transverse direction, Which 
causes Widening of the sheets during rolling. In case 
of the use of the grooved rolls, proposed by the 
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present invention, Which form a closed groove under 
certain conditions, conditions for formation of the 
stress-strained state corresponding to extrusion With 
the unidirectional deformation vector, as in case of 
extrusion, are created, i.e. plastic deformation devel 
ops in the direction of the main force vector. Under 
certain conditions proposed by the present invention 
hot compaction of said poWder mixture can be 
carried out betWeen the rolls of the rolling mill to 
obtain a relative compact density up to 0.97-0.99% 
and to produce a hot-compacted continuous strip or 
sheet from 50 up to 1500 mm in Width and from 3 up 
to 10 mm in thickness. 

[0036] Conditions of formation of a continuous hot-com 
pacted or hot-extruded ?at sheet semiproduct betWeen spe 
cial rolling mill rolls Which form a closed groove in the 
rolling mill can be described by the following equation: 

H=hXYXOL, Where 

[0037] H is an opening betWeen the rolls along the 
arc of contact, mm; 

[0038] h is a thickness of the compacted sheet, mm; 

[0039] y is a poWder compaction coef?cient; 

(X 15 an 6X erimental coef?cient, Where p 
20.245. 

[0041] As a result of application of forces close to volume 
stressed state in the yield elongation Zone and at a tempera 
ture of 430-500° C., active interactions of poWder mixture 
particles develop. PoWder particles draWing together by 
forces undergo partial destruction of oxide ?lms, Which is 
accompanied by formation of juvenile surfaces, or direct 
convergence When the oxide ?lm is particle-particle inter 
face. As a result of a temperature and by forces in the yield 
elongation Zone, due to active diffusion, neW strong metallic 
bondings are generated betWeen poWder particles both in 
contact areas With pure juvenile surfaces and in contact areas 
With metalliZed oxide ?lm. These strong metallic bondings 
can sustain noticeable tensile stresses in case of formation of 
a continuous dense hot-extruded sheet With a preset thick 
ness. The hot-compacted or hot-extruded sheet produced is 
cut to blanks Which are placed in forms lateral sides of Which 
are made from heat-insulating material. The degree of 
blackness of this material is noticeably differed from that of 
aluminum. Bottoms of the forms are made from a refractory 
steel sheet or net With small mesh. The form, on the one 
hand, is a transport means in Which the blank is fed to heat 
treatment and, on the other hand, it creates a thermostating 
space for the blank heated during heat treatment. High 
temperature heat treatment is carried out by heating of the 
blank above a temperature of solid-liquid phase transforma 
tion. Termination of the foaming process is determined 
visually, When contrast aluminum edge appears above the 
form Wall. The form is taken out of furnace, surface is cooled 
doWn and the foaming is arrested at the desired height. 

[0042] In addition, in the particular case of realiZation of 
the method, after termination of the foaming process the 
form With heat-insulating material Walls is placed in a 
technological space of a furnace With loWer temperature and 
for formation of upper smooth surface, a smooth heat 
insulating material plate Which does not react With alumi 
num is put on the end of the form. Then the form is taken out 
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of the furnace, the plate is taken aWay and the upper smooth 
surface of the semiproduct produced is cooled doWn inten 
sively. 
[0043] In addition, in the particular case of the realiZation 
of the method, the heat-insulating material plate Which does 
not react With liquid aluminum is made With embossed 
surface Which forms a replicated impression on the solidi 
fying aluminum surface. 

[0044] In addition, in the particular case of the realiZation 
of the method, prior to high-temperature treatment, a 
stamped sheet is placed on the bottom of the form, and the 
blank is placed on said sheet. After placement of said form 
in a technological space of the furnace With loWer tempera 
ture the heat-insulating material plate Which does not react 
With molten aluminum and made With embossed surface is 
put on the end of the form to produce replicated impression 
on the upper aluminum surface. Then the form is taken out 
of the furnace, the plate is taken aWay and the upper surface 
of the semiproduct produced is cooled doWn intensively. 

[0045] In addition, in the particular case of the realiZation 
of the method, for aluminum poWder use is made of grinded 
scrap of aluminum alloy semiproducts both extruded and 

rolled ones, made from soft aluminum alloys A110, A111 

and Wrought alloys AMLI, AII31, A1133, AMI‘3, AMI‘5, 
1116, as Well as copper, plastic metals and alloys, With 
particle siZe being from 0.5 up to 4.5 mm. 

[0046] In addition, in the particular case of the realiZation 
of the method, in case of mixing of an aluminum alloy With 
porophores in the attritor, use is made of grinded particles of 
aluminum alloys and copper and other plastic metals With 
siZe fractions of 0.5-2.5 mm, 1.0-3.0 mm, 1.5-4.5 mm. 

[0047] In addition, in the particular case of the realiZation 
of the method, When grinded scrap of aluminum alloys 

A11 O, A111 and hard Wrought alloys AMLI, AII31, A1133, 
AM1‘3, AM1‘5, )1116 are mixed in the attritor, additions of 
a porophore are made together With additions of refractory 
particles of aluminum oxide, boron carbide and silicium 
carbide With a range of siZe being 5-100 pm. 

[0048] In addition, in the particular case of the realiZation 
of the method, When grinded scrap of aluminum alloys is 
mixed in the attritor, additions of refractory intermetallics 
particles, for example, N, A13, NiAl, Cr2Al6 With a range of 
siZe being 10-100 pm are made in the mixture. 

[0049] In addition, in the particular case of the realiZation 
of the method, for a reduction in thickness of a sheet to be 
produced during hot compaction, the poWder mixture is fed 
betWeen moving steel sheets passed by the vibrating chute in 
the grooved rolls of the rolling mill. 

[0050] In addition, in the particular case of the realiZation 
of the method, during hot compaction of the poWder mix 
ture, cladding of the compact With steel or titanium sheets 
can be carried out due to feeding of the poWder mixture 
betWeen the moving hot sheets passed by the vibrating chute 
in the grooved rolls of the rolling mill With subsequent 
folding of ends of the sheets for formation of a seam. In this 
case also, some proportions for ?lling of the poWder mixture 
are speci?ed and a temperature of the poWder mixture in the 
yield elongation Zone should be increased up to 500-520° C., 
With degree of deformation being 2-5%. 
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[0051] In addition, in the particular case of the realization 
of the method, during hot compaction of the poWder mix 
ture, cladding of the compact With aluminum sheets can be 
carried out due to feeding of the poWder mixture betWeen the 
moving hot sheets passed by the vibrating chute in the 
grooved rolls of the rolling mill With subsequent folding of 
the ends of the sheets for formation of a seam. In this case 
also, some proportions for ?lling of the poWder mixture are 
speci?ed and a temperature of the poWder mixture in the 
yield elongation Zone should be maintained up to 430-450° 
C. 

[0052] In addition, in the particular case of the realiZation 
of the method, When the foaming process is carried out, it is 
possible to determine termination of the process visually and 
objectively due to a difference in the degree of blackness of 
the form Wall and aluminum and appearance of light belt of 
aluminum above the form Wall. 

[0053] The possibility of replication of the invention char 
acteriZed by the above-mentioned set of signs and the 
possibility of the realiZation of the purpose of the invention 
can be corroborated by the description of the folloWing 
examples. 

EXAMPLE 1 

[0054] The example of the realiZation of the method for 
production of ?at porous semiproducts is as folloWs. 

[0055] Al—Mg—Cu—Mn aluminum alloy powder (a liq 
uidus temperature of the alloy is 640-645° C., a temperature 
of loW-melting point non-equilibrium eutectic is 535-540° 
C.) of 500 kg in Weight Was mixed With TiH2 porophore (a 
decomposition temperature is 690° C.) of 5.4 kg in Weight 
and With a mixture of A1203 and A1203 (H2O) of 12.5 kg in 
Weight and ?lled in a bin. Then, using a special measuring 
machine, the poWder mixture Was spread on a belt conveyer 
of the heating furnace as a uniform layer With a bulk Weight 
of 1.23-1.32 g/cm3. The poWder mixture Was heated in the 
furnace under nitrogen atmosphere at a temperature of 500° 
C. The heated poWder mixture Was fed in a receiving funnel 
of the vertical rectangular chute joined up With a vibrating 
system Which serves for pre-compaction of said poWder 
mixture to obtain a density of 1.6-1.8 g/cm3 and transpor 
tation of the poWder from top doWnWards. The vertical chute 
traverses the furnace for heating of the poWder mixture and 
maintenance of the desired temperature up to 500° C. Then, 
from the funneled opening of the chute the hot pre-com 
pacted poWder mixture is fed in a receiving bin of the rolling 
mill With a design opening betWeen the rolls and a preset 
rolling speed. The critical speci?ed parameter is a rolling 
speed or speed of pulling the hot poWder in the hot com 
paction Zone With an opening of 6 mm. All other plant items 
Wherein the poWder mixture is transported ensure synchro 
nous continuous feeding of said mixture to the rolling mill 
and maintain regularity of volume, Weight and temperature 
variables of the production process. When the hot poWder 
mixture is fed in the closed space of the yield elongation 
Zone at a temperature of 430-450° C. and under a speci?c 
pressure from 300 up to 600 MPa, hot compaction takes 
place (relative density is 0.98-0.99). A 400 kg sheet Was 
continuously produced in the rolling mill. The hot-com 
pacted sheet Was cut to length on shears behind the rolling 
mill. Some ?rst hot-compacted blanks Were fed for free 
foaming. These blanks Were placed in the forms, siZes of 
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Which corresponded to those of the blanks, With Walls made 
of heat-insulating material and Were subjected to high 
temperature treatment. When a temperature of a hot-com 
pacted blank exceeded that of solid-liquid phase transfor 
mation, the foaming of this poWder blanks began and When 
aluminum layer appeared above the form Wall of 27 mm in 
height, termination of the foaming Was evaluated visually. 
The form Was taken out of the furnace and the foamed blank 
Was cooled doWn intensively. SiZes of the porous semiprod 
ucts produced corresponded to those of the form. Bottom 
surface of the porous sheets Was smooth, While the top 
surface had indications of sWells because of internal pores. 
Side surfaces of the foamed plate Were smooth. Density of 
the porous plates produced Was 0.58-0.61 g/cm3. Porous 
semiproduct yield Was 100%. 

[0056] The second part of the hot-compacted blanks of 
1000><120-200><6 mm in siZe Was foamed in the same 
heat-insulating material forms at a temperature of 760° C. 
and after appearance of aluminum edge above the form Wall 
of 27 mm in height termination of the foaming process Was 
evaluated visually. The form Was transferred from the fur 
nace in its technological space With loWer temperature, 
Wherein the plate With a smooth surface Was put on the end 
of the form and after ?xation of the smooth surface the plate 
Was taken aWay, the form Was taken out of the furnace and 
the foamed semiproduct Was cooled doWn intensively. SiZe 
of the porous semi-products produced Was 1000><120-200>< 
27.5 mm. In this case, top and bottom surfaces of the porous 
plates Were smooth. Side surfaces of the foamed plates Were 
smooth as Well. Density of the porous semiproducts Was 
0.60-0.63 g/cm3. Porous semiproduct yield Was 100%. 

[0057] The production process offered by the present 
invention is developed in such a Way that process scrap is 
practically absent. One can see that the main operation, 
namely hot compaction betWeen the rolls of the rolling mill 
should not form scrap by its nature. Heating of the poWder 
mixture under nitrogen atmosphere and feeding of said 
heated mixture in the rolling poWder mill are scrap-free 
operations also. Only in case of hot compaction, edges can 
be slightly teared but they should be trimmed. Some small 
amounts of the scrap in the form of trimmed edges of the hot 
compacted sheets are grinded and recycled in the poWder 
mixture. The optimiZed production process of foaming of 
the dense hot-compacted sheets in the heat-insulating mate 
rial forms offers high product yield. Therefore, said ?nal 
product yield of 95-97% corresponds to the real value. 

[0058] The effect of a temperature of the poWder mixture 
heating prior to hot compaction betWeen cold rolls of the 
rolling mill should be discussed speci?cally. If heating of the 
poWder mixture is carried out at temperatures below 4500 
C., intensive cooling of the poWder mixture in the yield 
elongation Zone results in both a sharp increase in forces 
applied to the rolls and a retardation of diffusion processes. 
As a result, hot compaction of the mixture does not take 
place and a sheet structure is brittle and porous (relative 
density is 0.80-0.85) body Which is not applicable for 
foaming. 

[0059] If heating of the poWder mixture is carried out at 
temperatures above 600° C., overheating results in forma 
tion of loW-melting point eutectics and appearance of large 
amounts of liquid phase inside oxidiZed particles and, 
thereby, loss of How ability of the poWder mixture. For TiH2 
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porophore particles the overheating above 600° C. is adverse 
to the most extent as it accelerates decomposition of TiH2 
porophore, results in loss of a noticeable fraction of hydro 
gen in the porophore and reduces its future activity during 
foaming of the hot-compacted sheet. The ?rst source of 
hydrogen liberation is decomposition of TiH2 at a heating 
temperature. The second one is surface hydrogen formed 
due to reaction of interaction betWeen sorbed H2O mol 
ecules and aluminum cations Which diffuse through oxide 
?lms. Hydrogen liberated during heating of TiH2 and surface 
hydrogen liberated into the conveyer furnace space increase 
hydrogen concentration and create certain haZard in case of 
heating of the poWder mixture. 

[0060] OrganiZation of safe production process calls for 
creation of necessary conditions for accident prevention. 
Therefore, heating of the poWder mixture is carried out in 
the conveyer furnace under nitrogen atmosphere With an 
excessive pressure from 10 up to 100 mm H2O, that 
excludes the possibility of ingress of oxygen in the poWder 
mixture heating Zone. 

[0061] Heating up to temperatures of 450-500° C. is not 
critical for atomiZed poWders in terms of formation of 
loW-melting point eutectics. As the atomiZed poWders have 
a non-equilibrium structure, formation of loW-melting point 
eutectics is shifted to a Zone of higher temperatures by 
20-30° C. Overheating up to 500-550° C. has certain risk of 
formation of loW-melting point eutectics, hoWever, due to 
close contact With the cold rolls of the rolling mill liquid 
eutectic solidi?es and ensures, thereby, high properties of 
the hot-compacted sheets. Heating up to 500-550° C. is 
recommended only at an initial stage of the process. This 
overheating created arti?cially caries a large reserve of heat 
energy in the bulk of the poWder under compaction and in 
spite of the fact that the rolls of the rolling mill are cold, a 
temperature of the poWder in the yield elongation Zone does 
not reduce beloW 450° C. The use of higher rolling rates 
favours maintenance of a poWder mixture temperature and 
simultaneously results in heating of rolling roll surfaces. 
Heating of the roll surfaces up to a temperature of 100-150° 
C. alloWs one to reduce a temperature of heating of the 
poWder mixture in the conveyer furnace With nitrogen 
atmosphere and in the furnace for maintenance of a tem 
perature during transportation of the poWder mixture in the 
vertical chute. 

[0062] Correction of a temperature in the direction of its 
reduction doWn to 450-500° C. at initial stages of heating of 
the poWder mixture results in a noticeable reduction in 
intensity of TiH2 porophore decomposition and maintains a 
compaction temperature Within a range of 430-450° C. 

EXAMPLE 2 

[0063] The example of the realiZation of the method for 
production of ?at porous-semiproducts With the use of 
grinded particles of certain secondary aluminum alloys is as 
folloWs. 

[0064] Aluminum alloy particles of 0.5-4.5 mm in siZe, 

produced by grinding of H16 alloy scrap (a liquidus tem 
perature of the alloy is 640-645° C., a temperature of 
formation of equilibrium loW-melting point eutectic is 505 
510° C.) of 300 kg in Weight Were mixed in the Water-cooled 
attritor under nitrogen atmosphere With additions of TiH2 
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porphore of 3.25 kg in Weight (a decomposition temperature 
is 690° C.) and mixtures of A1203 and A1203 (H2O) of 10.5 
kg in Weight to produce H16 mechanically alloyed alloy 
With uniform distribution of porophore and aluminum 

oxides particles added to the alloy. This 1116 alloy-based 
mechanically alloyed poWder Was ?lled in a bin. Then, using 
a special measuring machine, the poWder Was spread on a 
belt conveyer of the heating furnace as a uniform layer With 
a bulk Weight of 1.35-1.41 g/cm3. The poWder Was heated in 
the furnace under nitrogen atmosphere at a temperature of 
500° C. The heated poWder Was fed in a receiving funnel of 
the vertical rectangular chute joined up With a vibrating 

system Which serves for pre-compaction of said II16 
mechanically alloyed alloy poWder to obtain a density of 
1.6-1.8 g/cm3 and transportation of the poWder from top 
doWnWards. The vertical chute traverses the furnace for 
heating of the poWder and maintenance of the desired 
temperature up to 500° C. Then from the funneled opening 
of the chute the hot pre-compacted H16 alloy poWder is fed 
in a receiving bin of the rolling mill With a design opening 
betWeen the rolls and a preset rolling speed. The opening in 
the yield elongation Zone is 6 mm. All plant items Wherein 
the poWder is transported ensure synchronous continuous 
feeding of the mixture to the rolling mill and maintain 
regularity of volume, Weight and temperature variables of 
the production process. When the hot poWder is fed in the 
closed space of the yield elongation Zone at a temperature of 
430-470° C. and under a speci?c pressure from 300 up to 
600 MPa, hot compaction takes place (relative density is 
0.98-0.99). A 300 kg sheet Was continuously produced in the 
rolling mill. The hot-compacted sheet Was cut to blanks of 
1000><120><6 mm in siZe. Some ?rst hot-compacted blanks 
Were fed for free foaming. These blanks Were placed in the 
forms, siZes of Which corresponded to those of the blanks 
(1000><120-200><27 mm), With Walls made of heat-insulating 
material and Were subjected to high-temperature treatment at 
a temperature of 760° C. When a temperature of a hot 
compacted blank exceeded that of solid-liquid phase trans 
formation, the foaming of this poWder blank began and 
When aluminum layer appeared above the form Wall of 27 
mm in height, termination of the foaming Was evaluated 
visually. The form Was taken out of the furnace and the 
foamed blank Was cooled doWn intensively. SiZe of the 
porous semiproducts Was 1000><120-200><28.5 mm. Bottom 
surface of the porous plate Was smooth, While the top surface 
had indications of sWells because of internal pores. Side 
surfaces of the foamed plate Were smooth. Density of the 
porous plates produced Was 0.58-0.61 g/cm3. Porous semi 
product yield Was 100%. 

[0065] The second part of the hot-compacted blanks of 
1000><120-200><6 mm in siZe Was foamed in the same 
heat-insulating material forms at a temperature of 760° C. 
and after appearance of aluminum edge above the form Wall 
of 27 mm in height termination of the foaming process Was 
evaluated visually. The form Was transferred from the fur 
nace in its technological space With loWer temperature, 
Wherein the plate With a smooth surface Was put on the end 
of the form and after ?xation of the smooth surface the plate 
Was taken aWay, the form Was taken out of the furnace and 
the foamed semiproduct Was cooled doWn intensively. SiZe 
of the porous semiproducts produced Was 1000><120-200>< 
27.5 mm. In this case, top and bottom surfaces of the porous 
plates Were smooth. Side surfaces of the foamed plates Were 
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smooth as Well. Density of the porous semi-products pro 
duced Was 0.60-0.63 g/cm3: Porous semiproduct yield Was 
100%. 

EXAMPLE 3 

[0066] The example of the realization of the method for 
production of ?at hot-extruded semiproducts from grinded 
particles of various secondary aluminum alloys in the rolling 
poWder mill is as folloWs. 

[0067] Aluminum alloy particles of 1.0-4.5 mm in siZe, 

produced by grinding of )116 Al—Cu—Mg—Mn alloy 
scrap (a liquidus temperature of the alloy is 640-645° C., a 
temperature of formation of equilibrium loW-melting point 
eutectic is 505-510° C.) of 300 kg in Weight Were ?lled in 

a bin. Then, using a special measuring machine, the [[16 
aluminum alloy grinded particles Were spread on a belt 
conveyer of the heating furnace as a uniform layer With a 
bulk Weight of 1.30-1.36 g/cm3. The particles Were heated in 
the furnace under nitrogen atmosphere at a temperature of 
500-550° C. The heated particles Were fed in a receiving 
funnel of the vertical rectangular chute joined up With a 
vibrating system. The particles ?lled the Whole volume of 
the vertical bin full and passing a Zone of the vertical chute 
joined up With a vibrating system they Were pre-compacted 
to obtain a green density of 1.6-1.7 g/cm2. Simultaneously 
the pre-compacted particles passing the vertical chute Were 

heated up to 500-550° C. Then the hot H16 alloy particles 
Were fed in a receiving bin of the rolling mill and then in the 
design opening betWeen the rolls Which governed the arc of 
contact of the rolling mill. The arc of contact of the rotating 
cold rolls pulled the hot particles in the yield elongation Zone 
Wherein a partial cooling and consolidation of the particles 
and compaction of them With a degree of deformation from 
5 up to 10% took place. The opening in the yield elongation 
Zone Was 6 mm. Thickness of the sheet produced from 

grinded )116 alloy particles Was 6 mm. All plant items 
Wherein the particles Were transported ensured synchronous 
continuous feeding of the particles to the rolling mill and 
maintained regularity of volume, Weight and temperature 
variables of the production process. When the cooled but 

still rather hot II 16 alloy particles are fed in the closed space 
of the yield elongation Zone at a temperature of 430-450° C. 
and under a speci?c pressure from 300 up to 600 MPa, hot 
continuous compaction or extrusion takes place (relative 

density is 0.97-0.99). The 1116 alloy particles up to 300 kg 
in Weight Were continuously deformed in the rolling mill to 
sheet product. The hot-compacted sheet Was cut to blanks at 
the shears behind the rolling mill. As a result of continuous 

hot compaction conditions, a continuous sheet from 1116 
alloy particles Was produced and Was cut to 1000 mm 
lengths at the shears. 

EXAMPLE 4 

[0068] The eXample of the realiZation of the method for 
production of aluminum-clad hot-extruded sheets from 
grinded particles of various aluminum alloy scrap in the 
rolling mill is as folloWs. 

[0069] Aluminum alloy particles of 1.0-4.5 mm in siZe, 

produced by grinding of )116 Al—Cu—Mg—Mn alloy 
scrap (a liquidus temperature of the alloy is 640-645° C., a 
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temperature of formation of equilibrium loW-melting point 
eutectic is 505-510° C.) of 300 kg in Weight Were ?lled in 

a bin. Then, using a special measuring machine, the 1116 
aluminum alloy grinded particles Were spread on a belt 
conveyer of the heating furnace as a uniform layer With a 
bulk Weight of 1.30-1.36 g/cm3. The particles Were heated in 
the furnace under nitrogen atmosphere at a temperature of 
500-530° C. The heated particles Were ?lled on moving hot 
aluminum sheets (450° C.), thickness and Width of the sheets 
being 1 and 120 mm respectively. Prior to it the coiled 
aluminum sheets traversed a heating device Wherein said 
sheets Were heated up to 450° C., then they entered a 
receiving funnel of the vertical rectangular chute and Were 
pressed against its Walls inside. Thus, contact of the moving 
sheets With Walls of the vertical chute joined up With a 
vibrating system Was carried out. Then the aluminum sheets 
Were pulled through a receiving bin of the rolling poWder 
mill and fed in the yield elongation Zone of the rolls, Wherein 
the Width of the hot-extruded sheet Was formed. Sheet ends 
leaving the rectangular groove of the rolls Were folded 
edgeWise to produce a seam. When the line of the cladding 
sheets Was mounted, hot 116 alloy particles Were ?lled in a 
receiving bin and then they Were fed in a design opening 

betWeen the aluminum sheets. Then, the )116 alloy particles 
together With the cladding sheets Were fed in a receiving bin 
of the rolling mill and then in the design opening betWeen 
the rolls Which govern the arc of contact of the rolling mill. 
This opening Was constant from the vertical receiving bin up 
to design opening betWeen cold rolls Which govern the arc 
of contact of the rolling mill. The arc of contact of the 
rotating cold rolls pulled the hot cladding sheets together 
With the particles in the yield elongation Zone Wherein a 
partial cooling and consolidation of the particles and com 
paction of them With a degree of deformation from 5 up to 
10% took place. The particles ?lled the Whole space betWeen 
the sheets to the entire length of them from the vertical 
receiving bin up to the seam under the rolls and passing a 
Zone of the vertical chute joined up With a vibrating system 
they Were pre-compacted to obtain a green density of 1.6-1.7 
g/cm2. Simultaneously the pre-compacted particles passing 
the vertical chute Were heated up to 500-530° C. When the 
space betWeen the cladding aluminum sheets Was ?lled With 
the particles, the rolling mill and all sinchroniZed particle 
feeding system Were started up. The opening in the yield 
elongation Zone Was 6 mm. Thickness of the cladding 
aluminum sheet Was 1 mm. Thickness of the sheet produced 

from grinded 1116 alloy particles Was 4 mm. The design 
space betWeen the cladding sheets ensured plastic deforma 
tion of 5%. The opening betWeen the rolls Whereto the 
receiving bin of the rolling mill enters should be increased 
by a thickness of the tWo aluminum sheets. All plant items 
Wherein the particles Were transported ensured synchronous 
continuous feeding of the particles to the rolling mill and 
maintained regularity of volume, Weight and temperature 
variables of the production process. When the cooled, but 
still rather hot (450° C.) particles are fed in the closed space 
of the yield elongation Zone under a speci?c pressure from 
300 up to 600 MPa, hot continuous compaction takes place 

(relative density is 0.98-0.99). The II 16 alloy particles up to 
300 kg in Weight Were continuously deformed in the rolling 
mill to sheet product. The hot-extruded clad sheet Was cut to 
blanks at the shears behind the rolling mill. As a result of 
conditions of continuous extrusion of the aluminum-clad 
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)1 16 alloy particles, a continuous sheet up to 120 mm in 
Width Was produced and cut to 1000 mm length at the shears. 

In the end, )1 16 alloy sheets clad With 1 mm thick aluminum 
layer on both sides Were produced. Thickness of the clad 
ding aluminum or aluminum alloy can be chosen from 0.3 
up to 1 mm and more. 

[0070] A temperature of heating of the aluminum alloy 
particles prior to rolling to obtain standard properties of an 
alloy prepared from inexpensive grinded scrap should cor 
respond to hard plastic state, ie be beloW that of loW 
melting point eutectic formation by 20-50° C. In accordance 
With the present invention, the recommended high tempera 
tures of alloy particle heating, Which exceed those of loW 
melting point eutectic formation are caused by the main 
condition, namely the cold rolls With Which the rolling 
process alWays begins. Therefore, overheating of the par 
ticles fed in the rolling mill alloWs one, in the ?rst place, to 
produce the hot-extruded sheets With desired properties, 
With the clad layer or Without it. In the second place, When 
the overheated particles are fed betWeen the rolls of the 
rolling poWder mill, the surfaces of the rolls are heated due 
to heat transfer from the bulk of the particles under rolling. 
Even in the case of heating of the roll surfaces up to 150° C., 
temperature gradient betWeen a roll temperature and a 
temperature of the heated particles reduces. To obtain a 
particle temperature of 450° C. in the yield alongation Zone, 
a temperature of heating of the particles in the furnace can 
be reduced doWn to 500° C. This temperature does not cause 
formation of liquid phase in the form of loW-melting point 
eutectic in the alloy particles and ensures conduct of the hot 
compaction process When neW structural conditions arise in 
the particles. 

[0071] Therefore, for creation of optimum conditions for 
conduct of the process, both for poWders and particles, With 
economically and technically attractive indices, the rolling 
should be carried out With the use of plastic one-phase alloy 
scrap overheated up to 600° C. for heating of the rolls at the 
initial stage. When roll surfaces Were heated up to 100-150° 
C., chemical composition of the fed material Was changed 
on the furnace conveyer, for example, poWder Were ?lled, 
and a temperature Was controlled in a range of 490-500° C. 
rather than 500-530° C. Intensity of TiH2 decomposition 
reduces already at these temperatures, While properties of 
the hot-compacted sheets are kept completely, as compac 
tion is carried out at optimum temperatures of 430-460° C. 

[0072] As a result, in case of the properly chosen process 
parameters, the dense continuous hot-compacted sheets 
made from poWders and hot-extruded sheets made from 
grinded particles are formed With relative density and thick 
ness being 0.97-0.99 and from 3.0 up to 10 mm respectively. 

[0073] The described examples of the realiZation of the 
invention in accordance With all variants of the method 
ensure the possibility of the realiZation of the invention and 
attainment of the above-mentioned technical results in all 
cases Which solicited scope of protection is spread to, but 
they do not exhaust all potentialities of the realiZation of the 
invention characteriZed by the set of signs shoWn in the 
claim. 

1. A method for production of porous semiproducts from 
aluminum alloy poWders, including mixing of an aluminum 
alloy poWder With porophores shoWing a decomposition 

Dec. 23, 2004 

temperature above that of aluminum poWder melting, ?lling 
of a mixture produced in a mould, heating of said mould 
?lled With said poWder mixture under inert gas atmosphere, 
hot compaction, cooling, rolling to sheet, cutting of the sheet 
to blanks, placement of said blanks in a form With heat 
insulating material Walls, high-temperature treatment to 
conduct the foaming process at a liquidus temperature of the 
poWder alloy and repeated cooling. The method differed 
from the prior art by the fact that during mixing of an 
aluminum alloy poWder With porophores, oxide and hydrox 
ide poWder additions from 1 up to 10% are made in the 
mixture, as Well as grinded secondary aluminum alloy 
particles of 0.5-4.5 mm in siZe and mixing With said particles 
is carried out in an attritor for production of a mechanically 
alloyed poWder alloy and after heating a poWder mixture 
produced is ?lled in a vertical mould Which ensures simul 
taneous vibratory compaction and maintenance of a tem 
perature of said poWder mixture Which is fed in a rectangular 
groove of a rolling mill to conduct continuous hot compac 
tion in a closed groove formed by horiZontal rolls at a 
temperature of 430-500° C. provided that the folloWing 
conditions are observed: 

H=hXYXOL, Where 

H is an opening betWeen the rolls along the arc of contact, 
mm: 

h is a thickness of the produced sheet, mm; 

y is a poWder compaction coefficient; 

0t is an experimental coefficient, Where 1.5 ioti45. 

2. A method as de?ned in claim 1, differed by the fact that 
after termination of the foaming process the form With 
heat-insulating material Walls is placed in a technological 
space of a furnace With loWer temperature and for formation 
of upper smooth surface, a smooth heat-insulating material 
plate Which does not react With molten aluminum is put on 
the end of the form. Then the form is taken out of the 
furnace, the plate is taken aWay and the upper smooth 
surface of the semiproduct produced is cooled doWn inten 
sively. 

3. A method as de?ned in claim 1, differed by the fact that 
the heat-insulating material Which does not react With mol 
ten aluminum is made With embossed surface Which forms 
a replicated impression on the solidifying aluminum surface. 

4. A method as de?ned in claim 1, differed by the fact that 
prior to heat treatment, a stamped sheet is placed on the 
bottom of the form and a blank is placed on said sheet. After 
placement of said from in a technological space of the 
furnace With loWer temperature the heat-insulating material 
plate Which does not react With molten aluminum and made 
With embossed surface is put on the end of the form to 
produce replicated impression on the upper aluminum sur 
face. Then the form is taken out of the furnace, the plate is 
taken aWay and the upper surface of the semiproduct pro 
duced is cooled doWn intensively. 

5. A method as de?ned in claim 1, differed by the fact that 
instead of aluminum poWder use is made of grinded scrap of 
aluminum alloy semiproducts both extruded and rolled ones, 

made from soft aluminum alloys All O, A?l and Wrought 

alloys AMH, AII31, A1133, AM1‘3, Ll 16, as Well as copper, 
plastic metals and alloys, With particle siZe being from 0.5 
up to 4.5 mm. 
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6. A method as de?ned in claim 1, differed by the fact that 
in case of mixing of an aluminum alloy With porophores in 
the attritor, use is made of grinded particles of aluminum 
alloys and copper and other plastic metals With siZe fractions 
of 0.5-2.5 mm, 1.0-3.0 mm, 1.5-4.5 mm. 

7. A method as de?ned in claim 1, differed by the fact that 

When grinded scrap of aluminum alloys AIIO, A?l and 

hard Wrought alloys AMLI, A,[[31, AII33, AMF3, AM1‘5, 
1116 are mixed in the attritor, additions of a porophore are 
made together With additions of refractory particles of 
aluminum oxide, boron carbide and silicium carbide, With a 
range of siZe being 5-100 pm. 

8. A method as de?ned in claim 1, differed by the fact that 
When grinded scrap of aluminum alloys is mixed in the 
attritor, additions of refractory intermetallics particles, for 
example, NiAl3, NiAl, Cr2Al6 and others With a range of 
siZe being 10-100 pm are made in the mixture. 

9. A method as de?ned in claim 1, differed by the fact that 
for a reduction in thickness of a sheet to be produced during 
hot compaction, a poWder mixture is fed betWeen moving 
steel sheets passed by the vibrating chute in the grooved rolls 
of the rolling mill. 

10. A method as de?ned in claim 9, differed by the fact 
that during hot compaction of a poWder mixture, cladding of 
the compact With steel or titanium sheets can be carried out 
due to feeding of said poWder mixture betWeen the moving 
hot sheets passed by the vibrating chute in the grooved rolls 
of the rolling mill With subsequent folding of ends of the 
sheets for formation of a seam. In this case also, some 
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proportions for ?lling of said poWder mixture are speci?ed 
and a temperature of said poWder mixture in the yield 
elongation Zone should be increased up to 500-520° C., With 
degree of deformation being 2-5%. 

11. A method as de?ned in claim 9, differed by the fact 
that during hot compaction of a poWder mixture, cladding of 
the compact With aluminum sheets can be carried out due to 
feeding of said poWder mixture betWeen the moving hot 
sheets passed by the vibrating chute in the grooved rolls of 
the rolling mill With subsequent folding of the ends of the 
sheets for formation of a seam. In this case also, some 
proportions for ?lling of said poWder mixture are speci?ed 
and a temperature of said mixture in the yield elongation 
Zone should be maintained up to 430-450° C. 

12. A method as de?ned in claim 1, differed by the fact 
that during hot compaction of a poWder mixture, pack 
cladding is carried out via feeding of packs With cladding 
sheets, for example, from titanium or steel, heated under 
inert gas atmosphere, With prepared surfaces being in con 
tact With each other and With a Welded front end of a pack 
in the groove of the rolling mill, With deformation being 
from 3 up to 15%. 

13. A method as de?ned in claim 1, differed by the fact 
that due to a difference in the degree of blackness of the form 
Wall and aluminum and appearance of light belt of alumi 
num above the form Wall during foaming of a product, 
termination of the forming process can be determined visu 
ally. 


