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This invention relates to the molding of 
molten materials, and particularly to the 
molding of metals and other materials that 
are ?uid at molding. . 

5 The object of my invention is the PI'OVI' 
sion of simple and e?icient means for cast- ' 
ing materials of low viscosity at molding 
temperatures, whereby the material may be 
perfectly formed into the desired shapes and 

10 prevented from running back out of the 
mold. ' 

It is old to ?ll a mold with molten glass 
by dipping the bottom of the mold, con 
taining an inlet opening, in molten glass and 

15 exhausting the air from the mold cavity 
through openings or slits small enough to 
prevent the glass from passing out with the 
air, and molds so ?lled have been removed 
immediately after ?lling, from the source of 

~20 molten glass. Such a method has not, to my 
knowledge, been successfully applied to such _ 
materials as iron, copper, lead, tin and 
aluminum, or their alloys, which have low 
viscosity at/the temperatures at which they 

25 must be cast or molded. 
My invention therefore relates more espe 

cially to the casting ofv metals that are liq 
uid at their casting or molding temperatures, 
and is particularly directed to the casting or 

30 molding of such metals by immersing the 
inlet opening of the mold in the molten 
metal and ?lling the mold by lowering the 
pressure within the mold cavity below at 
mospheric pressure, which method I shall 

35 hereinafter refer to as the “vacuum method.” 
I have found by experiment that molds 

that are suitable for forming glass articles 
by the vacuum methods are not suitable ‘for 
forming similar articles of metals having 

a 40 low viscosity at casting temperatures, due to 
the fact that a portion of the moltenarnetal 
will immediately ?ow by gravity out of the 
mold inlet or inlets as soon as the mold is 
raised from the molten mass, and that the 

45 continued maintenance of the vacuum with 
in the mold cavity will not prevent the es 
cape, which results in the production of 
worthless or defective castings. This escape 
of molten metal from the molds is increased 

50 when the molds are used at a temperature 
sufficiently high to prevent the too sudden 
setting of the metal within the molds. 

If an ordinary bottle ?lled with liquid is 
inverted, air bubbles rise through the neck 

and the liquid runs out. If the neck of the 55 
bottle is narrowed, a oint is reached where 
the surface tension 0 the liquid across the 
neck prevents the entrance of air bubbles 
and the escape of the liquid.’ 

"11;, the same way, molten metal may be 80 I 
siistained in a mold if the entrance of air 
into the top of the mold is prevented and 
any opening in the bottom of'the mold is of 
such size that surface tension of the metal 
across the opening prevents the entrance of 65 ' 
air bubbles. With the opening still further 
reduced .in cross section, surface tension is" 
sul?cient to sustain themetal in the mold, - 
even though air be admitted to the upper 
surface of the metal. A ‘ 
The mold is customarily considerably 

cooler than the metal being molded. As a 
result, a layer of metal is immediately solidi 
?ed against the interior of the mold, includ 

70 

ing the inlet opening. If the size of the in? 75 I 
let opening is su?iciently reduced, or the 
mold walls surrounding the inlet or 5 rue 
are su?iciently cool, the metal solidi?ed 
against the walls of the inlet opening may 
entirely ?ll the opening and form a plug; '80 
or the solidi?ed metal may partly close the 
opening, so that the portion of the metal in 
the inlet opening which remains molten is 
so narrow that its surface tension prevents 
the entrance of air, or sustains the metal in 95 
the mold. a a 

My invention takes advantage ‘of the sur 
face tension of the molten metal across a 
small sprue opening, or the solidi?ed metal _ 
in such an opening, or preferably‘ a combi- 9Q 
nation of the two, to enable the prompt re 
moval from a source of molten metal of a 
?lled mold having a sprue in its bottom, 
without having the still molten metal in the 
interior of the mold run out through the 95 
sprue opening; ’ . 

It will be understood that surface tension 
of‘ molten metal always tends to resist its 
passage through a narrow opening, and ‘that 
the resistance increases as the opening be- 100v 
‘comes narrower. How wide an openmg may 
be and still revent the passage of-molten 
metal depen s upon the” kind of metal, its 
temperature, and the pressure tending to 
force the metal ‘through the ‘opening. 
In order for the surface tension alone to 

sustain molten metal in a mold, the opening - 
must be made narrow enough for the sur 
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' face tension of themetal across the opening 
to overcome the pressure of the metal in the 
‘mold above the opening, which. de ends 
upon the kind of metal and its dept . A 
wider opening can be used in practice, both 
because it is narrowed almost instantly by 

. the ?lm, of metal solidi?ed against the in 
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'cially whenthe temperature 0 
lowered slightly below that at which it is 

~terior of the mold, including the opening, 
and because this solidi?ed ?lm com letely 
surrounds the molten metal in the mold and 
acts'like the walls of an‘inverted bottle to 
prevent the‘ entrance of air to the molten 
portion of the metal. . ‘ 
My invention in its preferred form con 

sists primarily in the provision of a ?lling 
inlet or inlets in the form of an opening or 
a series of openings so narrow in one dimen 
sion that the metal to be molded will not‘ 
‘?ow readily therethrough by gravity‘, espe 

the metal is 

maintained in the pot or tank. These ?ll 
ing openings are preferably made in the 
form of one or more narrow slots, but they 
may be in other shapes so long as one dimen 
sion thereof is narrow enough to prevent 
the free ?ow of the metal therethrough by 
gravity unaided by other pressure. The 
pressure tending to force the metal into the 
mold is easily made greater than that ex 
erted by the head of molten metal above the 
opening in the ?lled mold, so that metal may 
be forced in through an opening narrow 
enough to prevent the escape of metal due 
to gravity, or the head of vmolten metal 
above the opening, and the width of the 
slot may be considerably increased, and the 
entrance of the metalmade easier, because 
of the action of the chilled ?lm, as described 
above. The size of the openings in their 
smallest dimension depends somewhat uponv 
the character of the metal being molded and 
the size and shape of the articles being 
formed. - I have found that in molding arti 
cles of lead, openings approximately v1/16th 
of van inch in width in their narrowest di 
mension are suitable for thin or hollow 
articles, the walls of which do not exceedap 
proximately l/Alth of an inch in thickness, 
but that in molding solid articles of, sub 
stantial size slightly narrower openings or 
some additional means for cooling the metal 
within the openings -may- be required, de 
endin-g'on the volume of the molten metal 

1n the mold and its tendency to maintain the 
temperature of the metal in the openings as 
well as to press downwardly through grav 
ity on the metal in the openings. ~ 
My invention further contemplates the 

use of arti?cial means for cooling the mold 
near the edges of the inlet openings, con 
sisting 
dium therethrough, such as air, water or 
other suitable ?llld. ' 

‘ The invention is fully described in the 

of the circulation of a cooling pme-g 

* 1,606,286 ' 

following speci?cation, andv while,- in its 
broader aspect, it 1s; capable of embodiment 
in numerous forms, a preferred embodiment - ' 
thereof is illustrated; in the accompanying 
drawings, in which; ' 
Figure 1 is a central vertical section of 

a mold embodying the invention with a 

70 

molded article therein and withparts in ' 
full. Fig. 2 is a cross-section thereof on the 
line 2—2 in Fig. 1, with the molded article 
removed. Fig. 3 is a_ section on the line 3-3 
in Fig. 2 with the core removed. Fig. 4 is 

\a View 0 the mold bottom with the parts in 
assembled position. Fig. 4;“ is a section on 
the line 49-4“ of Fig. 4.‘ Fig. 5 is a view of 
a mold bottom having a plurality of small 
suction openings in lieu of a slot. Fig. 6 is 

,_a side elevation of the core member of the 
mold with a part broken away. Fig. 7 is‘ a 
bottom’ view of the core member. Figs. 8 
and 9 are inner‘ side views of the di?erent 
hinged members or halves of the mold’with 
the mold‘bottom removed. Fig. 10 is a top 
view of one of the mold members with apart 
broken away. Fig. 11 is a central vertical 
section of a different form of mold embody 
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'ing the invention. Fig. 12 is a cross section . 
on the lines 12—12 in Fig. 11. Fig. 13 is 
an upper end view of the mold, removed 
from the suction head. Fig. 14 is a bottom 
view of the mold. Fig. 15 is a central 
vertical section of-a different form of mold 
embodying the invention, and Fig. 16 is a 
bottom view thereof with parts broken 
away. .' 

Referring to the drawings, 1, 1 designate 
the two‘ sections or halves of a mold of the 
suction type, which sections are hinged to 
gether for relative opening and closing piv 
otal movements, the pivot pin 2, in the pres 
ent instance, being carried by a bracket arm 
3 in the customary or any suitable manner. 
Each mold section 1 is provided with a bot 
tom plate 4, which cooperates with the bot 
tom plate ‘of the other mold section to close 
the bottom of the mold, except for the pro~ 
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vision of one or more suction slots or open- ' 
ings therein through which molten metal 
may be drawn into the mold by suction. 
Each mold section'l has its walls provided 
with a. space v5 adapted to have communica 
tion with a source of vacuum andv having 
communication with the cavity or interior of 
the mold‘ preferably through a plurality of 
?ne or narrow slots or openings 6 in the in 120 
ner wall of the mold. . The space 5 of each _ 
mold section also has communication with 
the‘mold cavity through a plurality of per 
forations 7 leading from the space 5 to the, 
inner edges of the respective mold sections 
where they communicate with ‘a narrow 
elongated slot or passage 8‘opening into the 
cavity and formed in part by [each mold 
section by recessing the edge thereof, as in 
dicated at 9, Figs. 1, 8 and 10. 
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The core member 10 of the mold is adapt 
cd to ?t down into the cavity formed by the 
mold sections 1, 1, and to cooperate there‘ 
with to form an article of predetermined 
shape from molten metal drawn into the cav 
ity.around the core, as well understood in 
the art. The core 10 is hollow and has the 
upper-end of its cavity 11 extending upward 
through 'a' stem 12 and communicating 
through a tube or other passage-forming 
means 13 with a source of vacuum. The 
core is provided with a ?ange 14 adapted to 
overlap and form a close joint with the up 
per ends of the mold sections when in closed 
position and having passages 15 for opening 
communication between the interior suction 
space of the core and the suction space 5 of 
the mold sections through the upper open 
ends of the spaces 5, which open ends are 
shown in Fig. 10. The suction cavity 11 of 
the core has communication with the article— 
molding space between the mold sections 1 
and core through restricted openings or nar 
row slits 16 in the core wall. The core is 
carried by a bracket arm 17, which has an 
opening therethrough for receiving the core 
stem 12. 
The feature of the mold embodying my 

invention resides particularly in the pro 
vision of an inlet opening or openings of 
such shape and size as to enable metals hav 
ing low viscosity at molding temperatures, 
such for instance as iron, lead, copper, alu 
minum or the like, or their alloys, to be drawn 

' therethrough into the article-forming cavity 
of the mold and then retained therein or 
prevented from running back out of the 
mold when raised from the molten bath or 
source of supply. This is accomplished by 
making the suction opening in'the mold bot 
tom in the form of a narrow slot 18, or plu 
rality of such slots, or in the-form of a plu 
rality of small perforations or openings 19 
(Figs. 4.- and 5), which openings are so small 
in at least one “dimension that the tempera 
ture of the metal within the openings will 
be quickly lowered through contact with the 
walls of the openings to an extent su?icient 
to prevent escape of the metal under the in 
?uence of gravity. The slots or‘holes are 
preferably provided between the meeting 
edges of the bottom plates 4 of the mold 
sections. The number, shape and location 
of these ?lling slots or openings .may be 
varied to suit the article to be formed or 
metal acted on. 
The mold may be ?lled through one slot 

18 or row of holes 19 formed between the 
meeting faces of sections of the mold bottom; 
or there may be additional inlets, as indi 
cated at 18“ in Figs. 3 and 4. When the 
mold sections are moved relatively to each 
other, the narrow ?ns in slots 188L are easily 
sheared off. The shrinkage of the metal 
in the openings is sufficient to loosen it, so 

v a 

that ‘the sheared-off ?ns may be easily re 
moved from the openings, preparatory to 
casting another article. ‘ - 

In the form of the mold’ shown in Figs. 11 
to 14, 20 designates the mold body or cup 
which is connected to and suspended from 
a suction head 21 by a union nut 22. A 1101 
low core member 23 is detachably suspended 
from the suction head and is adapted to pro 
ject down into the mold member 20 to co 
operate therewith to form a mold cavity of 
desired. shape.’ The suction passage 24 of 
the head has a plurality of passages 25 lead 
ing therefrom to an annular passage 26 in 
the head, which latter passage is in com 
munication with the upper end- of the mold 
cavity through a plurality of small passages 
27. The interior of the core- 23 is also in 
communication with the mold cavity through 
a plurality of thin slits or openings 28. The 
bottom of the mold- is provided with a re 
movable part .29 in which the desired num 
ber of suction slots of openings 30 are pro 
vided to suit the molding requirements in 
accordance with my invention. 31 desig 
nates passages through the mold bottom ad 
jacent to the inlet openings 30 to permit a 
cooling ?uid to be directed therethrough 
from any suitable source if it is desired to 
arti?cially chill the mold adjacent to the 
openings to effect a more rapid setting of 
the metal within the openings. 
The mold shown in Figs. 15 and 16 is 

substantially the same as that shown in Fig. 
11 except that the mold cavity is of a shape 
to form an article which is open at both 
ends, the core for such purpose ?tting down 
closely against the bottom of the body mem 
ber of the mold. In this case the bottom of 
the mold is provided with a plurality of 
slots or openings 32 conforming to the in-v 
vention and arranged in communication 
with the lower end of the mold cavity, as il 
lustrated. ' 

-I have found from experiments that in 
molding ‘large articles from lead, such for 
instance as lead battery jars, the best re 
sults are obtained by the use of suction slots 
or holes of approxlmately 1/16 of an inch 
in width or diameter, such size being re— 
duced down to 5/1000 of an inch for. smaller 
articles. It is also found that, for ordinary 
purposes and for rapid molding, the slots 
or openings should not be greater than 3/32 
of an inch in width or diameter, although it 
will be understood that extreme conditions 
may- make possible the ‘use of slots nar 
rower than 5/1000 of an inch or wider than 
3/32 of an inch‘. In the use of my mold, 
when used in connection with the molding, 
for instance, of lead, which melts at approxi 
mately a temperature of 600° F., good re 
sults are obtained with the mold at approxi- 
mately 200° F. This may be ‘varied, how 
ever, without departing from the spirit of 
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the invention, but the mold should be kept 
hot enough to prevent chilling of the metal 
"before the mold cavity has been fully ?lled 
and it is preferable not to allow it to be 
come so hot as to destro thechilling eifect 
of the mold on the thin 11m of molten metal 
remaining within the ?lling openings upon 
removal of the mold from the molten metal 
supply. ' - - 

WVhile the inlet may be chilled so that the 
metal is,solidi?ed entirely across the inlet 
opening, or the inlet end of the mold Where 
it is most subject to the heat of the molten 
metal may become so hot that ?lms of solidi 
?ed metal do not form on the sides of the 
opening, it is preferable tohave the condi 
tion of the metal at the time the mold is 
removed from the bath substantially as. 
shown in Fig. 4“. 

molten metal has been chilled to form a- thin 
?lm 40 of solidi?ed metal against the walls 
of the mold and that the opening 18 is of such 
a width that the solidi?ed metal 40 on the 
two sides of the opening leave a narrow slot 
41 between them where the metal is sus— 
.tained by air pressure, it being understood 
that ?lm or shell 40 completely encloses the 
molten metal except at point 41. This re 
maining exposed portion 41 of the molten 

~ metal is so narrow that the pressure of air 
from beneath does not break the surface ten 
sion and cause bubbles to arise through the 
metal. 

' In the form of slot shown, particularly 
- in Figs. 3, 4 and 4a, the slot is narrower 

40 

where it contacts the metal bath than it is 
at the upper point 42 where it reaches the 
casting. There'is an advantage in shaping 
the slot 1n this manner because it somewhat 
reduces the speed of the metal entering the 
mold and so reduces the danger§of forming 
hollows in the casting due to the spurting of 
the metal through the slot into the mold. 
However, I make no claim to this feature of 

- the mold in this application as that is 
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claimed in my co-pending application Serial 
No. 94,716 ?led of even date herewith. 
While I have referred to “metal” in the 

above description, and, for convenience, re 
fer to “metal” in many of the appended 
claims, it will be readily understood that sub 
stances not usually considered metals may 
be treated in accordance with my invention 
where such substances have the necessary 
‘characteristics, such as low viscosity when 
in condition for casting. Therefore, the 
term “metal,” as used in the speci?cation and 
claims, is intended to cover all materials hav— 
ing the characteristics of metals for purposes 
of casting. - . 

I claim 
1.-A mold for liquid molten metals, the 

mold having an inlet opening for the metal, 
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which opening in one dimension is of a size to 
prevent the metal ?owing by gravity there 
through when the mold is disconnected‘ from 
the source of supply of metal immediately 
after ?lling is completed, and while the main‘ 
body of the metal in the mold is still‘ liquid. 

2. A suction__,mold for liquid molten 
metals, the moldhaving a plurality of inlet 
openings for the metal, which openings are. 
of such size and shape as .to prevent the 
metal ?owing by gravity therethrough when 
the mold is disconnected from the source of 
supply of metal immediately after ?lling is 
completed and while the main body of the 
metal in .mold is still liquid. ~ 

' 3. A for liquid molten metals, th 
mold having an inlet slot for the metal 
which slot is so narrow as to prevent the 

,4 metal ?owing by gravity therethrough when 
In this ?gure it will be noted that the a the mold is disconnected from the source of 

‘supply of metal immediately after ?lling is 
completed ‘and while the main body of thd 
metal in the mold is still liquid. 

4. A suction mold for liquid molten 
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metals, the mold having an inlet opening‘ 
for the metal, which opening in one dimen 
sion is of a size to prevent the metal ?ow-v 
ing by gravity therethrough when its tem 
perature is lowered slightly below its molten 
working state. 

5. A suction mold for liquid molten met 
als, the mold having a plurality of inlet 
openings for the ,metal which openings are of 
such size and shape as to prevent the metal 
?owing )by gravity therethrough when its 
temperature is lowered slightly below its 
molten working state. 

6. A suction mold for liquid molten met 
als, the mold having an inlet slot for the 
metal which slot is‘ so narrow as to pre 
vent _the metal ?owing by gravity 'there 
through when its temperature is lowered 
slightly below its molten working state. 

7 . A suction mold for liquid molten met 
als, the mold having an inlet opening for the 
metal in a wall thereof, which opening in one 
dimension is of a size to prevent the metal 
?owing by gravity therethrough when its 
temperature is lowered slightly below the 
molten working statefthe mold wall having 
‘provision for cooling the same adjacent- to 
the opening. _ 
_8. A suction mold for liquid molten met 

als, the mold having a. suction opening there 
in not to exceed three thirty-seconds of an 
inch in one dimension. 

9. A suction mold for liquid molten met 
als. the mold having an inlet opening for the 
metal not to exceed three thirty-seconds of 
an inch in one dimension and being not less 
than approximately ?ve-thousands of an 
inch in such dimension, 

10. A suction mold for liquid molten 
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metals, the mold having aninlet slot of not 
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more than three thirty~seconds of an inch 
and not less than ?ve-thousands of an inch 
in width.‘ 

11. A suction mold for liquid molten met~ 
als, the mold having an inlet slot for the 
metal which is approximately one-sixteenth 
of an inch in width. 

12. The method of molding liquid molten 
metal, which consists in ?lling the mold 
cavity with liquid molten metal introduced 
through an opening below the upper part 
of the cavity in said mold, and disconnect 
ing the mold from the source of supply of 
metal immediately after ?lling is completed 
and while the main body of the metal in the 
mold is still liquid. 

13. The method of molding’liquid molten 
metal, which consists in ?lling the mold cavi 
ty with liquid molten metal introduced 
through-an opening below the upper part of‘ 
the cavity in said mold, disconnecting the 
mold from the source of supply of metal im 
mediately after ?lling is completed and while 
the main body of the metal'in the mold is 

8 still liquid, and utilizing surface tension ‘to 
prevent escape of the molten metal through 
said opening. 

14;. The method of molding liquid molten 
metals, which consists in ?lling the metal in 
to amold through an opening below the up 
per part of the mold cavity, the opening being 
of short cross-section in one direction, dis 
connectingr the mold from the source of sup 
ply of metal immediately after ?lling is 
completed and while the main body of the 
metal in the mold is still liquid, and prevent 
ing the escape of molten metal through said 
opening by means of surface tension of the 
metal and chilled ?lms of metal on the sides 
of the opening. 

15. The method of molding liquid molten 
metals, which consists in sucking the metal 
through one or more openings into a mold 
having a lower temperature than the molten 
metal, the openings being so narrow in one 
dimension that the temperature of the metal 
will be sufficiently lowered by contact with 
the mold as not to ?ow from the openings 
by gravity. ’ 

16. The method of molding liquid molten 
metals, which consists in sucking the metal 

‘prevent it from ?owing by gravity 

into a mold through an opening in a wall 
thereof, the opening being so narrow in one 
dimension and the temperature of the wall 
surrounding the opening being su?iciently 
lower than that of the molten metal in its 
working state that the metal will be quickly 
lowered in temperature to such extent as to 

through 
the opening. . 

17. ‘The method of molding liquid molten 
metals, which consists in sucking the metal 
into the mold through‘an opening in a wall 
thereof, the temperature of the wall in sur-. 
rounding relation to the opening being ar~ 
ti?cially lowered to such a degree and the 
size and shape of the opening being' such 
that the metal will be quickly lowered in 
temperature to such extent as to prevent it 
from ?owing by gravity through the open 
mg. I 

18. The method of molding liquid molten 
metals, which consists in sucking the metal 
into a mold through a plurality of openings 
therein, the temperature vof the mold wall 
surrounding the openings being such and 
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the openings being so narrow in onedimen- - 
sion that the-metal passing therethrough will 
be quickly lowered in temperature to such 
extent as to prevent it- from ?owing by grav 
ity through the opening. " 

1.‘). The method of molding liquid molten 
metals, which consists in forcing metal into 
a mold through a narrow slot while main 
taining a difference between the pressure on 
the metal supplv and the pressure within 
the mold greater than the pressure which 
will be exerted by the weight of molten metal 
above the opening in‘ the filled mold, and 
separating the mold from the source of sup 
ply of molten metal immediately after ?ll 
ing is completed, the opening being of great 
enough dimension in one direction that sur 
face tension across the opening will be over 
come by the" said differential pressure and 
narrow enough in the same dimension that 
molten metal will not ?ow‘oiv All it when the 
?lled mold is removed from the source of 
supply of molten metal. 
In testimony whereof I have hereunto 

signed my name to this ‘speci?cation. 
AUGUST KADOW. 
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