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Our invention relates to an improved mold and a 
method of employing the mold to ‘fabricate articles. In 
particular, our invention concerns a fluid pervious mold 
and a method of blowing hollow articles directly from 
a fused or liquid material employing the mold and of 
ejecting the blown article from the mold. 

In the blowing of hollow metal articles as described 
in the present assignee’s copending applications Ser. No. 
381,278, ?led May 14, 1964 and Ser. No. 250,902, ?led 
Jan. 11, 1963, an article is blown directly from a reservoir 
of liquid or molten material into the open end of a 
mold suspended over or immersed in the reservoir. This 
is accomplished by releasing a predetermined volume 
or charge of pressurized gas below the surface to form 
a bubble of material which rises and enters the open 
end of the mold. The bubble of material rises and ex 
pands in the mold and into intimate conformity with 
the inner walls of the mold cavity. The cooled or 
stabilized thin shell article as blown is then extracted 
from the mold. 

In one embodiment, the ori?ce of a blowpipe is im 
mersed in a molten or fused metal and a bubble of metal 
blown into the open end of the mold in registry with 
the ori?ce of the blowpipe. In this regard, it should be 
noted that the term “metal” is used herein in its usual 
metallurgical sense, and not in the sense at one time com 
mon in the glassmaking art to mean “molten glass.” The 
molten metal bubble on contacting the internal ‘walls of 
the mold cavity cools and solidi?es, the mold removed 
from the blowing position and the resultant hollow metal 
article removed by opening the mold or extracting the 
article. 

In this present method an opening or means of ex 
haust or ventilation is required to permit the escape of 
the ?uid entrapped in the mold above the ascending 
bubble of material. If this ?uid is not removed rapidly 
enough, then in the case of molten metal bubbles, the 
bubble will not rise above a certain point within the 
mold, but solidify to form a defective article or the hub 
ble will tend to burst during an early part of the ascent. 
To resolve this problem present molds are commonly 
provided with one or several relatively large openings 
or vents or other discontinuities of 0.01 inch in size or 
larger through which the gaseous atmosphere in the mold 
escapes at the desired rate during the blowing process. 
The vent opening is usually located at the extreme end 
or top of the mold away from the open end into which 
the bubble is blown. Vent openings also may be em 
ployed in other areas or intricate portions of the mold 
wherein air may tend to be entrapped by the rising 
bubble. 
‘In some cases, a partial vacuum, e.g., 10'—50 mm, of 

mercury is induced through an exhaust vent to remove 
entrapped air from the mold. The vacuum also tends to 
draw the bubble into the mold and thereby assist in the 
full formation of the desired blown article. In the forma 
tion of a 202 blown aluminum alloy container a cylin 
drical solid cast iron mold has been used which mold 
has a ?tted top inset with a circumferential clearance of 
approximately 0.010 inch on each side to serve as a vent 
opening. 
One problem associated with molds having air vents 
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or discontinuities is the tendency of such molds to create 
mold areas of thermal discontinuity. Thus, the portion 
of the mold material about the vent openings often has 
a distinct temperature di?erence from either the other 
portions of the mold such as the solid side walls or top 
insert of the mold. Thermal discontinuities in the mold 
may result in a differential cooling rate for the blown 
material, thermal stress and possibly cracks in the blown 
metal article. Another problem is that the relatively 
large vent openings required to permit the rapid escape 
of air presents no mechanical barrier to the ascending 
bubble, and if the blowing pressure is too high, a ridge 
of blown material may be created by the opening about 
the bottom of the hollow metal article. The vent open 
ing or clearance space also provides an opportunity for 
the blown material to ?ow into this opening and stabilize 
or solidify therein. Material in the vent opening may 
‘reduce the escape of air or completely block the opening 
while making it extremely dif?cult to extract the blown 
articles such as by removing the ?tted top insert from 
the mold or opening a split mold. 

It is therefore an object of our invention to provide 
a new and improved mold which mold overcomes or 
reduces many of the foregoing dif?culties and problems 
associated with solid molds having relatively large vents 
or discontinuities. 
Another object of our invention is to provide an im 

proved method for the rapid and automatic blowing and 
ejection of articles. 
A further object of our invention is to provide an im 

proved mold and method for the fabrication of hollow 
metal articles characterized by relatively uniform bot 
toms, having good stress properties and a very ?ne sur 
face ?nish. 

Other objects and advantages of our invention will be 
apparent to those skilled in the art from the following 
more detailed description of our invention taken with 
the accompanying drawing wherein: 

FIG. 1 is a diagrammatic representation of an im~ 
proved mold employed in blowing hollow metal articles; 
and 

FIG. 2 is a diagrammatic representation of an appa~ 
ratus including our improved mold illustrating a method 
of ejecting a blown article from the mold. 
We have found that a mold fabricated from a gas 

pervious material of ?ne porosity permits blown articles 
having no cracks and a strong and uniform complete 
shell to be formed. In particular, we have discovered 
that molds having a sintered metal gas-pervious top in 
sert permit blown metal articles to be formed of uniform 
and excellent quality. The use of sintered or porous ma 
terial for the top insert or extreme portions of an open 
ended mold may also be used to impress a gas pressure 
uniformly against the bottom of the blown article after 
formation to eject the article from a tapered mold. Molds 
thus fabricated overcome many of the problems associat 
ed with solid molds having a vent opening while addi 
tionally permitting the molds to be readily employed 
for automatic and rapid fabrication of blown articles. 
Where desired, the entire mold may be fabricated from 

the gas-pervious material, so that the atmosphere within 
the mold may be readily displaced by the: ascending bub 
ble of material. For example, where the bubble method 
is subject to rapid cooling or where a very high produc 
tion rate is desired, or the mold cavity is of a detailed 
intricate shape which tends to entrap air easily. In one 
preferred embodiment, the top or the extreme portions 
of the mold away from and opposite to the end into which 
the bubble is blown are fabricated from the porous ma 
terial to obtain relatively uniform venting of the gas from 
the mold and to permit easy ejection of the blown article. 

IC€ 
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Any material may be employed which material has a 
?ne porosity so that ?uid within the mold may be vented 
at the desired ?ow rate. The material should not appre 
ciably be wetted by the blown material, since sticking of 
the blown material to the mold might occur. Porous ma 
terial at the top or extreme portions of the mold tends 
to inhibit any sticking dif?culties, since the temperature 
differences between the blown material and the mold is 
usually at a maximum and su?icient to prevent sticking 
problems. In the blowing of metal or metal alloys, hard, 
high temperature resistant materials such as porous cer 
amics, or metals like stainless steel, iron, nickel, brass, 
bronze, low carbon steel, the noble metals, copper, titan 
ium and the like in sintered or sponge or other porous 
forms may be pro?tably employed as the gas-pervious 
material. Metal materials may be formed to the proper 
and desired shapes for inclusion in the mold and would 
not require machining. 
The pores of the gas-pervious material should be su?i 

cient in either size and number to permit the escape of 
the gas in the mold at the desired rate. Also, the porosity 
should be such as not to impair the surface ?nish or at 
tractiveness or appearance of the ?nished blown article. 
The pores should not be sufficiently large enough to allow 
the blown material to plug up gradually these openings. 
Molds having ?ne porous material of a graded porosity 
may be used to control the wall thickness and surface 
?nish of the blown article. We have found in general that 
an average pore diameter or size of ‘about 0.005 of an inch 
or less provide an acceptable ?ow rate and surface ?nish 
while pores of 0.001 of an inch or less, e.g. 0.001 to 0.005 
give an excellent surface ?nish to the blown article. The 
number and size of the pores are, of course, dependent 
upon the particular conditions of the blowing process 
and the ?nished article desired. In the blowing of hollow 
metal articles with a cylindrical mold having a sintered 
metal gas-pervious circular top insert, pores of 0.001 of 
an inch in size and from 5000 to 15,000 per square inch 
have been found satisfactory. Fabrication of all or a sub— 
stantial portion of the mold with gas-pervious material 
permits graded porosity and a graded surface ?nish to be 
obtained. Such mold provides an opportunity to shape 
the bubble of material in the mold prior to stabilization 
by the use of ?uid jets through the side walls of the gas 
pervious mold. For example, in the formation of cylin 
drical containers in a totally sintered metal mold, air jets 
\may be used on the sides of the mold to blow and form 
gentle depressions in the hollow article prior to solidi? 
cation. 
The gas-pervious material may be prepared by the for 

mation of sponge materials or by sintering materials such 
as powdered metals such as nickel or iron powders into 
the desired form. For example, a uniform gas-pervious 
mold material may be prepared by a series of overlaid, 
?nely-etched screen material of increasing porosity and 
controlled screen size which are bonded or pressed and 
sintered to form a gas-pervious ?ne porosity solid appear 
ing metal matrix. 

FIG. 1 illustrates the formation of a hollow blown alu 
minum can employing a mold of our invention. In FIG. 
1, a quantity 10 of a suitable aluminum alloy, e.g. ASTM 
aluminum 2024 or an aluminum containing about 4 per 
cent silicon and trace quantities of iron and other ele 
ments is contained in a reservoir vessel 12 and main 
tained in a molten state at a predetermined temperature 
of about 1260° F. by a source of heat (not shown). 
A blowpipe 14 having a blowpipe nozzle 16 containing 
a plurality of small diameter ori?ces 18 is immersed in 
the aluminum melt with the nozzle 16 disposed a prede 
termined distance below the melt surface. The other end 
of the blowpipe is connected to a source of pressurized 
gas (not shown) from which a regulated volume of gas 
may be released. 
A hollow open-ended cylindrical mold 20 is suspended 

over the melt with its open end immersed in the melt and 
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4 
in registry with the blowpipe nozzle 16. In the embodi 
ment described, the mold 20 is characterized by an 
internal mold cavity shaped to form a 202 tubular con 
tainer such as a can. The mold has the side wall 22 
formed of cast iron with the open end of the mold im 
mersed to a depth of about 31/2 inches into the melt. 
The top 24 of the mold is a circular ?anged insert fab 
ricated to a close ?t of less than ‘0.001 of an inch clear 
ance within the mold walls 22. The top 24 is flush with 
mold top and is fabricated of sintered stainless steel being 
a ?ne porosity air-pervious material having pores of the 
order of 0.001 inch or less and with about 10,000 pores 
per square inch. 
A speci?c example employing the above apparatus was 

carried out employing a blowpipe nozzle 16 composed 
of a material not wetted by aluminum, and containing 
about 30 ori?ces of an average diameter of about 0.030 
inch distributed uniformly within a %-inch center. The 
blowing gas was a mixture of 97 percent by volume of 
nitrogen and 3 percent oxygen and was released through 
the blowpipe at a time interval of about 0.25 second with 
a source pressure of approximately 25 mm. of mercury 
above atmosphere. A bubble of aluminum 26 was blown 
into the mold at a slightly increased pressure than that 
required when the mold contained a conventional vent 
opening because of the decreased ?ow rate of air en 
trapped in the mold through the sintered metal top 24. 
The overpressure within the mold was about 150 mm. 
of mercury as compared with 120 mm. of mercury de 
veloped with the usual vent clearance of about 0.010» inch 
about the top of the mold. The hollow aluminum shell 
blown was complete, exhibited no cracks, and was strong 
and of uniform thickness. The aluminum did not wet or 
stick to the stainless steel top 24. Under comparable con 
ditions employing the usual vent opening, the shell often 
exhibited cracks and was weak and not of uniform thick 
ness. 

FIG. 2 is a schematic illustration of a modi?ed mold 
of FIG. 1 which may be employed both to exhaust the 
entrapped air and subsequently to eject the blown ar 
ticle. A mold 30 having solid smooth cylindrical walls 32 
as a slight taper so that the diameter of the top portion 
is slightly smaller than the diameter of the open end into 
which the bubble is blown. The top of the mold body has 
a ?ange 34 and contains a ?tted insert of gas-pervious 
material 35 with a hemispherical manifold 36 on the op 
posite side thereof, and secured in a ?uid-tight manner to 
the top ?ange 34. A conduit 38 is connected to the one 
end with the manifold 36, and at the other end with a 
three-Way valve 40. The manifold 36 through conduit 38 
is capable of being placed in communication through 
conduit 42 to the atmosphere as a mold vent opening or 
a vacuum source or through conduit 44 to a source of 
pressure such as an air pressurized supply or to a closed 
position. The valve 40 as shown is connected to conduit 
44 so that pressurized air is admitted through conduit 44, 
valve 40, conduit 38, into the interim manifold 36 and 
through the porous top plug 35 and into the interior of 
the mold 30. 

In operation, a hollow blown article 46 is formed in 
the mold 30 in the described manner with the valve 40 
switched to conduit 42 during or just after the introduc 
tion of the bubble into the mold 30 and during the ascent 
of the bubble. As the bubble of material rises and con 
tacts the internal walls of the mold cavity, the gaseous 
atmosphere above the melt such as air or an inert atmos 
phere is vented through the top plug 35 into the interior 
of the manifold 36 and through conduit 38, valve 40 and 
conduit 42. After the formation and stabilization of the 
article such as the solidi?cation of the metal article, 
valve 40 is switched to connect conduit 44 with conduit 
38 and the interior of the manifold 36. This action per 
mits the pressurized air to enter the sintered top plug 35 , I 
and the interior of the mold 30 and to exert a uniform 
force on the base of the article 46 and to eject the article 
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from the mold. After ejection, the mold is again placed 
in position to receive another bubble and to repeat the 
blowing process with the valve 40 switched to connect 
conduit 42. Although the operation has been described 
as a manual operation, it is, of course, contemplated that 
the valve 40 could be a solenoid-activated single and 
multi-way valve responsive to the electrical or hydraulic 
impulses of ‘a timer connected in any proper sequence to 
the steps of the fabrication process such as to the step 
of withdrawing the mold or introducing the blowing gas. 
The gas~pervious top plug‘ 35 of the mold 30‘ therefore 
permits the mold to be used for venting purposes, and 
allows ejection of the blown article whereby the process 
of fabrication may be made automatic and rapid in 
operation. 
Our invention provides for molds having a top plug or 

insert of gas-pervious material having a plurality of many 
?ne pores. This material allows entrapped mold gas to 
escape and enhances the formation of strong uniform 
thickness blown articles of good surface ?nish and ther 
mal stress properties. Also porous mold tops allow the 
rapid ejection in an automatic operation of the blown 
article from the mold by the application of a uniform gas 
pressure exerted against all or a substantial portion of 
the bottom of the article. 
What we claim is: 
1. A method of fabricating hollow metal articles which 

method comprises: 
suspending the ‘open end of a metal mold above and 

in registry with the ori?ce of one end of a blowpipe 
immersed a predetermined distance beneath the sur 
face of a molten metal and o-ut of contact with the 
mold, the mold being characterized by an internal 
cavity of the desired shape of the blown article, said 
cavity extending from the open end of the mold 
to an insert at the other and opposite end of the 
mold of a gas-pervious ?ne porosity material hav 
ing pores of sufficient number to exhaust entrapped 
gases within the mold at a desired ?ow rate; 
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introducing a predetermined volume of pressurized gas 

into the other end of the blowpipe to form and in 
troduce a gas bubble of the molten metal into the 
open end of the mold; 

exhausting entrapped gases within the ‘mold through 
the pores of the insert at a desired ?ow rate dis 
tributed smoothly over the surface of the porous in 
sert and permitting the bubble to come into intimate 
contact ‘with the entire internal cavity of the mold; 

permitting the shaped bubble to solidify into the blown 
article; and 

recovering the blown article from the mold. 
2. The method of claim 1, in which the porous insert 

through which the entrapped gases within the mold are 
exhausted is made of sintered metal having pores of less 
than about 0.001 inch in size. 
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