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other than a discharge incorporated in a pump base are also 
disclosed, as are pumps including either a discharge or other 
metal-transfer conduit according to the invention. 
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SYSTEM FOR RELEASING GAS INTO MOLTEN 
METAL 

FIELD OF THE INVENTION 

0001. The invention relates to releasing gas into molten 
metal and more particularly, to a device for releasing gas 
into a stream of molten metal utilizing the flow of the molten 
metal Stream to assist in drawing the gas into the Stream. In 
this manner, the gas may be released at a relatively low 
preSSure as compared to known devices. 

BACKGROUND OF TH INVENTION 

0002. As used herein, the term “molten metal' means any 
metal or combination of metals in liquid form, Such as 
aluminum, copper, iron, Zinc and alloys thereof. The term 
"gas' means any gas or combination of gases, including 
argon, nitrogen, chlorine, fluorine, freon, and helium, which 
are released into molten metal. 

0003 Known pumps for pumping molten metal (also 
called “molten-metal pumps') include a pump base (also 
called a housing or casing), one or more inlets, an inlet being 
an opening to allow molten metal to enter a pump chamber 
(and is usually an opening in the pump base that commu 
nicates with the pump chamber), a pump chamber, which is 
an open area formed within the pump base, and a discharge, 
which is a channel or conduit communicating with the pump 
chamber (in an axial pump the pump chamber and discharge 
may be the same structure or different areas of the same 
Structure) leading from the pump chamber to the molten 
metal bath in which the pump base is Submerged. A rotor, 
also called an impeller, is mounted in the pump chamber and 
is connected to a drive shaft. The drive shaft is typically a 
motor shaft coupled to a rotor shaft, wherein the motor shaft 
has two ends, one end being connected to a motor and the 
other end being coupled to the rotor shaft. The rotor shaft 
also has two ends, wherein one end is coupled to the motor 
shaft and the other end is connected to the rotor. Often, the 
rotor Shaft is comprised of graphite, the motor Shaft is 
comprised of Steel, and the two are coupled by a coupling, 
which is usually comprised of Steel. 
0004. As the motor turns the drive shaft, the drive shaft 
turns the rotor and the rotor pushes molten metal out of the 
pump chamber, through the discharge, which may be an 
axial or tangential discharge, and into the molten metal bath. 
Most molten metal pumps are gravity fed, wherein gravity 
forces molten metal through the inlet and into the pump 
chamber as the rotor pushes molten metal out of the pump 
chamber. 

0005 Molten metal pump casings and rotors usually 
employ a bearing System comprising ceramic rings wherein 
there are one or more rings on the rotor that align with rings 
in the pump chamber (Such as rings at the inlet (which is 
usually the top of the pump chamber and bottom of the pump 
chamber) when the rotor is placed in the pump chamber. The 
purpose of the bearing System is to reduce damage to the 
Soft, graphite components, particularly the rotor and pump 
chamber wall, during pump operation. A known bearing 
system is described in U.S. Pat. No. 5,203,681 to Cooper, the 
disclosure of which is incorporated herein by reference. AS 
discussed in U.S. Pat. Nos. 5,591,243 and 6,093,000, each to 
Cooper, the disclosures of which are incorporated herein by 
reference, bearing rings can cause various operational and 
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shipping problems and U.S. Pat. No. 6,093,000 discloses 
rigid coupling designs and a monolithic rotor to help alle 
viate this problem. Further, U.S. Pat. No. 2,948,524 to 
Sweeney et al., U.S. Pat. No. 4,169,584 to Mangalick, U.S. 
Pat. No. 5,203,681 to Cooper and U.S. Pat. No. 6,123,523 to 
Cooper (the disclosures of the aforementioned patents to 
Cooper are incorporated herein by reference) all disclose 
molten metal pumps. Furthermore, copending U.S. Patent 
Application No. to Cooper, filed on Feb. 4, 2004 and 
entitled “Pump With Rotating Inlet” discloses, among other 
things, a pump having an inlet and rotor structure (or other 
displacement structure) that rotate together as the pump 
operates in order to alleviate jamming. The disclosure of this 
copending application is incorporated herein by reference. 

0006 The materials forming the components that contact 
the molten metal bath should remain relatively stable in the 
bath. Structural refractory materials, Such as graphite or 
ceramics, that are resistant to disintegration by corrosive 
attack from the molten metal may be used. AS used herein 
“ceramics” or “ceramic' refers to any oxidized metal 
(including Silicon) or carbon-based material, excluding 
graphite, capable of being used in the environment of a 
molten metal bath. “Graphite' means any type of graphite, 
whether or not chemically treated. Graphite is particularly 
Suitable for being formed into pump components because it 
is (a) Soft and relatively easy to machine, (b) not as brittle 
as ceramics and less prone to breakage, and (c) less expen 
Sive than ceramics. 

0007 Three basic types of pumps for pumping molten 
metal, Such as molten aluminum, are utilized: circulation 
pumps, transfer pumpS and gas-release pumps. Circulation 
pumps are used to circulate the molten metal within a bath, 
thereby generally equalizing the temperature of the molten 
metal. Most often, circulation pumps are used in a reverba 
tory furnace having an external well. The well is usually an 
extension of a charging well where Scrap metal is charged 
(i.e., added). 
0008 Transfer pumps are generally used to transfer mol 
ten metal from the external well of a reverbatory furnace to 
a different location Such as a ladle or another furnace. 
Examples of transfer pumps are disclosed in U.S. Pat. No. 
6,345,964 B1 to Cooper, the disclosure of which is incor 
porated herein by reference, and U.S. Pat. No. 5,203,681. 
0009 Gas-release pumps, Such as gas-injection pumps, 
circulate molten metal while releasing a gas into the molten 
metal. In the purification of molten metals, particularly 
aluminum, it is frequently desired to remove dissolved gases 
Such as hydrogen, or dissolved metals, Such as magnesium, 
from the molten metal. As is known by those skilled in the 
art, the removing of dissolved gas is known as “degassing 
while the removal of magnesium is known as “demagging.” 
Gas-release pumps may be used for either of these purposes 
or for any other application for which it is desirable to 
introduce gas into molten metal. Gas-release pumps gener 
ally include a gas-transfer conduit having a first end that is 
connected to a gas Source and a Second Submerged in the 
molten metal bath. Gas is introduced into the first end and 
is released from the second end into the molten metal. The 
gas may be released downstream of the pump chamber into 
either the pump discharge or a metal-transfer conduit 
extending from the discharge, or into a stream of molten 
metal exiting either the discharge or the metal-transfer 
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conduit. Alternatively, gas may be released into the pump 
chamber or upstream of the pump chamber at a position 
where it enters the pump chamber. A System for releasing 
gas into a pump chamber is disclosed in U.S. Pat. No. 
6,123,523 to Cooper. 
0.010 The advantage of a system for releasing gas into 
molten metal within the confines of a metal-transfer conduit 
is that the gas and metal should have a better opportunity to 
thoroughly interact. One problem with releasing gas into a 
metal-transfer conduit is that, in Some Systems, the conduit 
that transferS the gas from a gas Source into the molten metal 
Stream (called a gas-transfer conduit) typically extends into 
the metal-transfer conduit, usually extending downward 
from the top of the metal-transfer conduit, and disrupts the 
flow of molten metal passing through the conduit thereby 
creating a low-pressure area behind the portion of the 
gas-transfer conduit extending into the metal-transfer con 
duit. The low-pressure area can interfere with the released 
gas mixing with molten metal passing through the metal 
transfer conduit because, among other things, the gas imme 
diately rises into the low-pressure area instead of mixing 
with molten metal throughout the metal-transfer conduit. 
This can create a phenomenon known as "burping because 
large gas bubbles build up in the low pressure area and are 
released from the discharge instead of thoroughly mixing 
with the molten metal. 

0.011) One problem with releasing gas into a molten metal 
Stream outside of a pump casing or metal-transfer conduit 
connected to the pump casing is that one or more of the 
components used to transfer the gas into the molten metal 
may be Susceptible to breakage Since they are not typically 
as well Supported as if they had been inserted into the pump 
base or a metal-transfer conduit extending from the base. 
Another problem is that if the gas is released and is not 
constrained within a metal-transfer conduit, this may lessen 
the interaction between the gas and the molten metal. 
0012 A problem with known systems, regardless of 
whether they release gas into or outside of a pump casing or 
metal-transfer conduit connected to the pump casing is that 
the gas must be pumped into the molten metal at a relatively 
high preSSure. The high pressure can cause damage to the 
components through which the gas passes. 

SUMMARY OF THE INVENTION 

0013 The invention includes a pump and components 
that enable gas to be released at a relatively low pressure into 
molten metal passing through a metal-transfer conduit. AS 
used in the context of describing and claiming the invention, 
unless Specifically Stated otherwise, the term metal-transfer 
conduit refers to a pump discharge, a metal-transfer conduit 
attached to the pump discharge or any conduit through 
which a stream of molten metal flows. The metal-transfer 
conduit may be either totally enclosed or partially enclosed. 
The metal-transfer conduit has at least two Sections, a first 
Section having a first cross-sectional area and a Second 
Section having a Second croSS-Sectional area. The first croSS 
Sectional area is upstream of and Smaller than the Second 
croSS-Sectional area. A gas-release opening is positioned in 
the Second Section, preferably near the first Section, or is 
positioned in the first Section, preferably near the Second 
Section. 

0.014 AS molten metal moves through the metal-transfer 
conduit from the first Section to the Second Section, its 
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Velocity Slows when it enters the Second Section because of 
the larger cross-sectional area. Gas is released in either the 
first Section or the Second Section through a gas-release 
opening into the molten metal Stream and the molten metal 
Stream tends to help draw the gas out of the gas-release 
opening and into the molten metal Stream. This reduces the 
amount of pressure required to force gas out of the gas 
release opening and into the molten metal Stream, thereby 
reducing the StreSS and wear on components caused by 
higher pressures and increasing component life. 

BRIEF DESCRIPTION OF THE DRAWING 

0015 FIG. 1 is a perspective view of a pump for pump 
ing molten metal, which includes a pump base according to 
the invention. 

0016 FIG. 2 is a cross-sectional view of the pump base 
of FIG. 1. 

0017 FIG.2a is a side, perspective view of a pump base 
that can be used in the practice of the invention. 
0018 FIG. 3 is a view of the discharge of the pump base 
of FIG. 2a. 

0019 FIG. 4 is an internal view of the discharge of the 
pump base of FIG. 3. 
0020 FIG. 5 is the discharge of FIG. 4 with the top 
Surface removed. 

0021 FIG. 6 is another view of the discharge of FIG. 5. 
0022 FIG. 7 is a close up view of the discharge of FIG. 
5. 

0023 FIG. 8 is a partial side view of a gas-transfer 
conduit according to the invention. 
0024 FIG. 9 is a top, cross-sectional view of an alternate 
pump base according to the invention. 
0025 FIG. 10 is the pump base of FIG. 9 with a 
gas-release opening positioned in the first Section of the 
metal-transfer conduit. 

0026 FIG. 11 is a side view of a pump according to the 
invention with a gas-transfer to be positioned So that the 
gas-release opening is in the top of the metal-transfer 
conduit. 

0027 FIG. 12a is a partial side view of the gas-transfer 
conduit positioned in the metal-transfer conduit of FIG. 11. 
0028 FIG. 12b is a partial side view of a gas-transfer 
conduit positioned in a metal-transfer at a location other than 
the one shown in FIG. 12a. 

0029 FIG. 12c is a partial side view of a gas-transfer 
conduit positioned at a location other than the ones shown in 
FIGS. 12a and 12b. 

0030 FIG. 12d is a partial side view of a gas-transfer 
conduit positioned at a location other than the ones shown in 
FIGS. 12a-12C. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0031 Referring now to the drawing where the purpose is 
to illustrate and describe different embodiments of the 
invention, and not to limit same, FIG. 1 shows a molten 
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metal pump 20 that includes a device 100 in accordance with 
the present invention. When in operation, pump 20 is usually 
positioned in a molten metal bath in a pump well, which is 
usually part of the open well of a reverbatory furnace. 
0.032 The components of pump 20, including device 100, 
that are exposed to the molten metal are preferably formed 
of Structural refractory materials, which are resistant to 
degradation in the molten metal. Carbonaceous refractory 
materials, Such as carbon of a dense or Structural type, 
including graphite, graphitized carbon, clay-bonded graph 
ite, carbon-bonded graphite, or the like have all been found 
to be most Suitable because of cost and ease of machining. 
Such components may be made by mixing ground graphite 
with a fine clay binder, forming the non-coated component 
and baking, and may be glazed or unglazed. In addition, 
components made of carbonaceous refractory materials may 
be treated with one or more chemicals to make the compo 
nents more resistant to oxidation. Oxidation and erosion 
treatments for graphite parts are practiced commercially, and 
graphite So treated can be obtained from Sources known to 
those skilled in the art. 

0033) Pump 20 can be any structure or device for pump 
ing or otherwise conveying molten metal, Such as the pump 
disclosed in U.S. Pat. No. 5,203,681 to Cooper, or an axial 
pump having an axial, rather than tangential, discharge. 
Preferred pump 20 has a pump base 24 for being submersed 
in a molten metal bath. Pump base 24 preferably includes a 
generally nonvolute pump chamber 26, Such as a cylindrical 
pump chamber or what has been called a “cut” volute, 
although pump base 24 may have any shape pump chamber 
Suitable of being used, including a volute-shaped chamber. 
Chamber 26 may be constructed to have only one opening, 
either in its top or bottom, if a tangential discharge is used, 
Since only one opening is required to introduce molten metal 
into pump chamber 26. Generally, pump chamber 24 has two 
coaxial openings of the same diameter and usually one is 
blocked by a flow blocking plate mounted on the bottom of, 
or formed as part of, device 100. As shown, chamber 26 
includes a top opening 28, bottom opening 29, and wall 31. 
Base 24 further includes a tangential discharge 30 (although 
another type of discharge, Such as an axial discharge may be 
used) in fluid communication with chamber 26. Base 24 has 
sides 112, 114, 116, 118 and 120 and a top surface 110. The 
top portion of wall 31 is machined to receive a bearing 
surface, which is not yet mounted to wall 31 in this figure. 
The bearing Surface is typically comprised of ceramic and 
cemented to wall 31. 

0034. As shown in FIG. 2, pump base 24 can have a 
stepped surface 40 defined at the periphery of chamber 26 at 
inlet 28 and a stepped surface 40A defined at the periphery 
of inlet 29, although one stepped surface would suffice. 
Stepped Surface 40 preferably receives a bearing ring mem 
ber 60 and stepped surface 40A preferably received a 
bearing ring member 60A. Each bearing member 60, 60A is 
preferably comprised of silicon carbide. The outer diameter 
of members 60, 60A varies with the size of the pump, as will 
be understood by those skilled in the art. Bearing members 
60, 60A each has a preferred thickness of 1". Preferably, 
bearing ring member 60, is provided at inlet 28 and bearing 
ring member 60A is provided at inlet 29, respectively, of 
casing 24. In the preferred embodiment, bottom bearing ring 
member 60A includes an inner perimeter, or first bearing 
Surface, 62A, that aligns with a Second bearing Surface and 
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guides rotor 100 as described herein. Alternatively, bearing 
ring members 60, 60A need not be used. For example, FIG. 
2A shows a pump casing 24" that is preferably formed 
entirely of graphite, and that may have a protective coating 
according to the invention. 
0035. One or more support posts 34 connect base 24 to a 
SuperStructure 36 of pump 20 thus Supporting SuperStructure 
36, although any Structure or Structures capable of Support 
ing SuperStructure 36 may be used. Additionally, pump 20 
could be constructed So there is no physical connection 
between the base and the SuperStructure, wherein the Super 
Structure is independently Supported. The motor, drive shaft 
and rotor could be Suspended without a SuperStructure, 
wherein they are Supported, directly or indirectly, to a 
Structure independent of the pump base. 
0036). In the preferred embodiment, post clamps 35 
Secure posts 34 to SuperStructure 36. A preferred post clamp 
and preferred Support posts are disclosed in a copending 
application entitled “Support Post System For Molten Metal 
Pump,' invented by Paul V. Cooper, and filed on Feb. 4, 
2004, the disclosure of which is incorporated herein by 
reference. However, any System or device for Securing posts 
to SuperStructure 36 may be used. 
0037. A motor 40, which can be any structure, system or 
device suitable for driving pump 20, but is preferably an 
electric or pneumatic motor, is positioned on SuperStructure 
36 and is connected to an end of a drive shaft 42. A drive 
shaft 42 can be any structure Suitable for rotating an impel 
ler, and preferably comprises a motor Shaft (not shown) 
coupled to a rotor shaft. The motor shaft has a first end and 
a second end, wherein the first end of the motor shaft 
connects to motor 40 and the second end of the motor shaft 
connects to the coupling. Rotor shaft 44 has a first end and 
a Second end, wherein the first end is connected to the 
coupling and the second end is connected to device 100 or 
to an impeller according to the invention. A preferred 
coupling, rotor Shaft and connection between the rotor Shaft 
and device 100 are disclosed in a copending application 
entitled “Molten Metal Pump Components,” invented by 
Paul V. Cooper and filed on Feb. 4, 2004, the disclosure of 
which is incorporated herein by reference. 
0038. The preferred device 100 is disclosed in a copend 
ing application entitled “Pump with Rotating Inlet,” 
invented by Paul V. Cooper and filed on Feb. 4, 2004, the 
disclosure of which is incorporated herein by reference. 
However, structure 100 can be any rotor suitable for use in 
a molten metal pump and the term "rotor, as used in 
connection with this invention, means any device or rotor 
used in a molten metal pump chamber to displace molten 
metal. 

0039 Base 24 has a top surface 110, a first side 112, a 
Second side 114, a third side 116, a fourth side 118, and a 
fifth side 120. Base 24 further includes one or more (and 
preferably three) cavities 122, 124 and 126 for receiving 
Support posts 34, and a stepped cavity 128 for receiving an 
end of a gas-transfer conduit, shown in FIG. 8. Cavities 124 
connect base 24 to Support posts 34 Such that Support posts 
34 can Support SuperStructure 36, and can help to Support the 
weight of base 24 when pump 10 is removed from a molten 
metal bath. Any Structure Suitable for this purpose may be 
used. Similarly, cavity 128 can be any structure suitable for 
receiving a corresponding gas-transfer conduit, wherein the 
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gas-transfer conduit is dimensioned to be received in cavity 
128. Cavity 128 as shown is stepped with a first bore 128A 
and second bore 128B. Bore 128B opens into gas-release 
area 38 (shown in FIGS. 4-7). Abutton, or support structure 
generally in the form of a sleeve may be connected to cavity 
128 to Support a gas-release conduit received in cavity 128. 
0040 Discharge 30 is in fluid communication with cham 
ber 26 and has at least two Sections wherein at least one 
Section (a first Section) has a smaller cross-sectional area 
than at least one other section (a second Section) down 
Stream of Said at least one Section. Here, a first Section 32 has 
a first croSS-Sectional area and a Second Section 33 is 
downstream of first Section 32 and has a Second croSS 
Sectional area, as shown in FIGS. 4-7. 
0041) Section 32 is preferably about 1" in length, 3" in 
height and 4%" in width for a pump utilizing a 10" diameter 
rotor, and has a Substantially flat top Surface 32A, a Sub 
stantially flat bottom surface, 32B, a first radiused side 
Surface 32C and a second radiused side Surface 32D. Section 
32 defines a passage through which molten metal may pass, 
and any shape or Size passage Suitable for efficiently con 
veying molten metal may be used. In fact, Section 32 may 
not even be completely enclosed; for example, it may not 
have a bottom Surface. 

0.042 Second section 33 is preferably 10" in length 
(although any Suitable length may be utilized) and has a top 
Surface 34A, a bottom Surface 33B, a first side Surface 33C 
and second side Surface 33D. Section 33 defines a passage 
through which molten metal passes and any shape or size 
passage Suitable for efficiently conveying molten metal may 
be used. Section 33 preferably has a height of about 4" and 
width of about 5%" for a pump utilizing a rotor with a 
diameter of 10". Section 33 has a height of about 4" and 
width of about 6%" for a pump utilizing a rotor having a 
diameter of 16", and preferably has a cross-sectional area 
between about 110% and 350% larger than the cross 
Sectional area of Section 32. However, all that is necessary 
for the proper functioning of the invention is that the 
croSS-Sectional area of Section 33 be Sufficiently larger than 
the area of Section 32 to reduce the amount of preSSure 
required for gas to be released into the molten metal Stream 
as compared to the pressure required to release gas into a 
metal-transfer conduit that has Substantially the same croSS 
Sectional area throughout. 
0.043 Alternatively, discharge 30 or any metal-transfer 
conduit in accordance with the invention could have mul 
tiple cross-sectional areas, as long as there is a transition 
from a first Section with a first cross-sectional area to a 
Second Section with a Second cross-sectional area, wherein 
the Second Section is downstream of the first Section and the 
Second croSS-Sectional area is greater than the first croSS 
Sectional area. It is preferred that there be an abrupt transi 
tion from the first Section having a first cross-sectional area 
to a Second Section having a Second, larger cross-sectional 
area, however, the transition may be Somewhat gradual, 
taking place over a length of up to 6" or more. 
0044) A gas-release area 38 is formed in second section 
32, preferably within 3" of wall 36. Gas-release area 38 is 
any Size Suitable of receiving an end of a gas-transfer 
conduit 120 and allowing gas from an opening in conduit 
120 to be released into discharge 30. As shown, gas-release 
area 38 is formed in wall 34D, but, if such a gas-release area 
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is used at all, it could be formed anywhere in Second Section 
34, such as in top surface 34A or bottom surface 34B. It is 
preferred that area 38 be formed outside of the high-pressure 
flow of the molten metal stream, as shown in FIGS. 4-7, but 
it can be positioned anywhere Suitable for releasing gas into 
discharge 30. In addition, the gas-release area may be 
formed in first section 30 near (preferably within 3") second 
Section 32. All that is necessary for the proper functioning of 
the invention is that there be (1) a first section of a metal 
transfer conduit having a first cross-sectional area and a 
Second Section of the metal-transfer conduit downstream of 
the first Section, wherein the Second Section has a Second 
cross-sectional area larger than the first Section, and (2) a 
gas-release opening in the first Section and/or the Second 
Section, whereby the respective Sections are configured and 
the gas-release openings is positioned So that leSS pressure is 
required to release gas into the molten metal than would be 
required in known metal-transfer conduits that have Sub 
Stantially the same cross-sectional area throughout. Thus, in 
addition to a gas-release opening beaing formed in the first 
Section or the Second Section, a gas-release opening could be 
formed in the first Section and another gas-release opening 
could be formed in the Second Section, and gas could be 
released simultaneously into each Section, or into one Sec 
tion or the other. 

0.045 Gas-transfer conduit 120 (shown in FIG. 8), is 
preferably a cylindrical, graphite tube having a first end 122 
and a Second end 124 and a passage 126 extending there 
through. Any structure capable of transferring gas from a gas 
Source (not shown) to discharge 30 or a metal-transfer 
conduit according to the invention may be used however. 

0046 Passage 112 is dimensioned to receive end 124 of 
gas-transfer conduit 120. End 124 of conduit 120 has an 
opening in passage 126 through which gas is released into 
discharge 30. It is preferred that the opening in end 124 be 
positioned about/3/3;4 of the way between surface 100 and 
wall 34B, although it can be positioned in any suitable 
location to allow for the transfer of gas into discharge 30. 
Second end 124 is positioned in passage 112 and any method 
of connection Suitable for making the connection in Such a 
way that gas can be transferred to discharge 30 may be used. 
Further, gas-transfer conduit 120 could be positioned So as 
to introduce gas at any Suitable place in a metal-transfer 
conduit, Such as discharge 30, including the bottom, top 
and/or either Side. 

0047. In one embodiment, and as shown in FIG. 8, end 
124 of gas-transfer conduit 120 tapers to a narrow diameter. 
In this embodiment, conduit 120 tapers in section 124A from 
a diameter of about 4" to a diameter of about 3" at Section 
124B and the opening of passage 126 is about 1" in diameter. 

0048 FIG. 9 shows a partial, top view of another 
embodiment of a pump base and metal-transfer conduit 
(here, a discharge) according to the invention. In this 
embodiment, the metal-transfer conduit, or discharge, 30A 
has a first Section 32A having a first cross-sectional area, a 
Second section 34A, which is downstream of section 32A 
and has a Second croSS-Sectional area that is larger than the 
first cross-sectional area, and a third Section 36A, which is 
downstream of Section 34A and has a third cross-sectional 
area, wherein the third cross-sectional area is Smaller than 
the Second cross-sectional area but preferably larger than the 
first cross-sectional area. A position A is shown where a 
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gas-release opening would be positioned near a top Surface 
of Section 34A, although it could be positioned anywhere in 
section 32A or section 34A that would allow gas to be 
released into metal-transfer conduit 30A at a pressure lower 
than would be required if conduit 30A had a substantially 
uniform cross-section in the manner of prior art devices. 
FIG. 10 shows a pump base 24B having the same structure 
as pump base 24A except that the gas-release opening is at 
position B in section 32B. 

0049 FIG. 11 shows an alternate pump 20a that is in all 
respects the same as previously described pump 20 except 
that pump 20a includes a different base 24a, a metal-transfer 
conduit 202 attached to base 24a and gas-transfer conduit 
120 is mounted at an angle to metal-transfer conduit 202. 
Base 24a is the same as previously described base 24 except 
that it is Smaller and has a shorter discharge (not shown). 
Alternatively, and as preferred, the base used with pump 20a 
could be configured to include the Structure of metal 
transsfer conduit 202 as part of the discharge in the base. 

0050 Metal-transfer conduit 200 has a top surface 200a 
and a bottom surface 200b. A passage 202 is formed in 
conduit 200 and includes sections 204, 206 and 208. First 
section 208 is upstream of second section 206 and third 
Section 204 and has a first cross-sectional area. Second 
section 206 is upstream of third section 204 and has a second 
croSS-Sectional area that is larger than the first croSS-Sec 
tional area. Third Section 202 has a third croSS-Sectional area 
that is preferably (although not necessarily) Smaller than the 
Second cross-sectional area, but preferably (although not 
necessarily) larger than the first cross-sectional area. 
0051 Gas-transfer conduit 120 is mounted at an angle 
Such that end 124 extends through opening 220 and gas 
release opening 126 is positioned near the top of Section 206. 
End 124 is mounted to button 50a to assist in retaining it 
(button 50a being a generally cylindrical sleeve affixed 
above an opening leading to the interior of conduit 220). 
FIG. 12a shows conduit 120 mounted in metal-transfer 
conduit 220. 

0.052 FIG. 12b shows a metal-transfer conduit 300 hav 
ing gas-transfer conduit 120 mounted therein. Metal-transfer 
conduit 300 has a top surface 300a and a bottom surface 
300b. A passage 302 is formed in conduit 300 and includes 
sections 304,306 and 308. First section 308 is upstream of 
Second section 306 and third section 304 and has a first 
cross-sectional area. Second section 306 is upstream of third 
Section 304 and has a Second croSS-Sectional area that is 
larger than the first cross-sectional area. Third section 302 
has a third cross-sectional area that is preferably (although 
not necessarily) Smaller than the Second cross-sectional area, 
but preferably (although not necessarily) larger than the first 
croSS-Sectional area. 

0053 FIG. 12c shows a metal-transfer conduit 400 hav 
ing conduit 120 mounted therein. Metal-transfer conduit 400 
has a top surface 400a and a bottom surface 400b. A passage 
402 is formed in conduit 400 and includes sections 404, 406 
and 408. First section 408 is upstream of second section 406 
and third Section 404 and has a first cross-sectional area. 
Second section 406 is upstream of third section 404 and has 
a Second cross-sectional area that is larger than the first 
cross-sectional area. Third section 402 has a third cross 
Sectional area that is preferably (although not necessarily) 
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Smaller than the Second cross-sectional area, but preferably 
(although not necessarily) larger than the first cross-sec 
tional area. 

0054 FIG. 12d shows a metal-transfer conduit 500 hav 
ing a gas-transfer conduit 120 mounted therein. Metal 
transfer conduit 500 has a top surface 500a and a bottom 
surface 500b. A passage 502 is formed in conduit 500 and 
includes sections 504, 506 and 508. First section 508 is 
upstream of second section 506 and third section 504 and 
has a first cross-sectional area. Second section 506 is 
upstream of third section 504 and has a second cross 
Sectional area that is larger than the first cross-sectional area. 
Third section 502 has a third cross-sectional area that is 
preferably (although not necessarily) Smaller than the Sec 
ond cross-sectional area, but preferably (although not nec 
essarily) larger than the first cross-sectional area. 
0055 Referring again to FIGS. 1-8, in operation, gas is 
transferred through gas-transfer tube 120 to opening 126 
where it is released into discharge 30. As molten metal 
travels through discharge 30 and moves from section 32 to 
Section 34, its Velocity Slows and it is presumed that the 
pressure of the molten metal stream increases (although the 
invention is not limited to any particular theory). This flow 
of molten metal helps to draw gas out of conduit 120 and 
into the molten metal Stream thereby decreasing the preSSure 
required to push gas through conduit 120. When in opera 
tion, as an example for one embodiment, a gas Volume of 
400 lbs./hr was released into a molten metal Stream gener 
ated by pump having a 16" diameter rotor operating in the 
300 revolutions-per-minute range. 

0056. In addition to the metal-transfer conduit being a 
pump base discharge as described above, it could be a 
Separate piece connected to a pump base, or simply a 
Separate piece through which a stream of molten metal 
flows. Furthermore, the gas-transfer conduit, or any other 
device for transferring gas into a metal-transfer conduit 
according to the invention, can be positioned anywhere 
Suitable for transferring gas into the metal-transfer conduit. 
For example, it could be positioned beneath the metal 
transfer conduit and/or release gas into the bottom of the 
metal-transfer conduit. 

0057. Having thus described different embodiments of 
the invention, other variations and embodiments that do not 
depart from the Spirit of the invention will become apparent 
to those skilled in the art. The Scope of the present invention 
is thus not limited to any particular embodiment, but is 
instead Set forth in the appended claims and the legal 
equivalents thereof. Unless expressly Stated in the written 
description or claims, the Steps of any method recited in the 
claims may be performed in any order capable of yielding 
the desired product or result. 
What is claimed is: 

1. A base for a molten metal pump, the base comprising: 
a pump chamber; 
a discharge in communication with the pump chamber, 

the discharge including a first Section having a first 
croSS-Sectional area and a Second Section having a 
Second cross-sectional area, the Second Section being 
downstream of the first Section and the Second croSS 
Sectional area being larger than the first cross-sectional 
area; and 



US 2005/0013715 A1 

a gas-release opening in communication with one or more 
of the group consisting of the first Section and the 
Second Section. 

2. The base of claim 1 wherein the gas-release opening is 
positioned in the Second Section. 

3. The base of claim 2 wherein the gas-release opening is 
positioned along a side wall of the Second Section. 

4. The base of claim 2 wherein the gas-release opening is 
positioned near a top wall of the Second Section. 

5. The base of claim 1 wherein the gas-release opening is 
positioned in the first Section. 

6. The base of claim 5 wherein the gas-release opening is 
positioned in a top wall of the first Section. 

7. The base of claim 2 wherein the gas-release opening is 
positioned within 3" of the first section. 

8. The base of claim 1 wherein the discharge is fully 
enclosed. 

9. The base of claim 1 wherein the second cross-sectional 
area is between 110% and 350% larger than the first cross 
Sectional area. 

10. The base of claim 1 wherein the discharge further 
includes a third Section having a third cross-sectional area, 
the third Section being downstream of the Second Section and 
the third cross-sectional area being larger than the first 
croSS-Sectional area but Smaller than the Second croSS 
Sectional area. 

11. The base of claim 1 that is comprised of graphite. 
12. A molten metal pump including: 
a base for a molten metal pump, the base comprising: 
a pump chamber; 
a discharge in communication with the pump chamber, 

the discharge including a first Section having a first 
croSS-Sectional area and a Second Section having a 
Second cross-sectional area, the Second Section being 
downstream of the first Section and the Second croSS 
Sectional area being larger than the first cross-sectional 
area; and 

a gas-release opening in communication with one or more 
of the group consisting of the first Section and the 
Second Section. 

13. The molten metal pump of claim 12 that further 
comprises a gas-transfer conduit, the gas-transfer conduit 
having an end including the gas-release opening and an 
opposite end connected to a gas Source, wherein gas from 
the gas Source can pass through the gas-transfer conduit, 
through the gas-release opening and into the discharge. 

14. The molten metal pump of claim 12 that further 
includes a metal-transfer conduit connected to the discharge. 

15. The molten metal pump of claim 12 wherein the 
gas-release opening is positioned in the Second Section. 

16. The molten metal pump of claim 15 wherein the 
gas-release opening is positioned less than 12" from the first 
Section. 

17. The molten metal pump of claim 15 wherein the 
gas-release opening is positioned within 3" of the first 
Section. 

18. The molten metal pump of claim 12 wherein the 
discharge is fully enclosed. 

19. The molten metal pump of claim 12 that further 
includes a device positioned in a pump chamber in the pump 
base, the device having a displacement Structure and an inlet 
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Structure defining one or more inlets wherein the displace 
ment Structure and the inlet Structure rotate as the device 
rOtateS. 

20. The pump of claim 15 wherein the gas-release open 
ing is positioned near a top wall of the Second Section. 

21. The pump of claim 12 wherein the gas-release open 
ing is positioned in the first Section. 

22. The pump of claim 21 wherein the gas-release open 
ing is positioned near a top wall of the first Section. 

23. The pump of claim 12 wherein the discharge further 
includes a third Section having a third croSS-Sectional area, 
the third Section being downstream of the Second Section and 
the third cross-sectional area being larger than the first 
croSS-Sectional area but Smaller than the Second croSS 
Sectional area. 

24. A metal-transfer conduit for connecting to a molten 
metal pump base, the metal-transfer conduit having a first 
Section with a first cross-sectional area and a Second Section 
with a Second croSS-Sectional area, the Second croSS-Sec 
tional area being greater than the first cross-sectional area 
and a gas-release opening in communication with one or 
more of the group consisting of the first Section and the 
Second Section. 

25. The metal transfer conduit of claim 24 wherein the 
gas-release opening is positioned in the Second Section. 

26. The metal-transfer conduit of claim 24 wherein the 
gas-release opening is positioned within 3" of the first 
Section. 

27. The metal-transfer conduit of claim 24 wherein the 
Second Section has a side wall and the gas-release opening 
is positioned near the Side wall. 

28. The metal-transfer conduit of claim 23 wherein the 
Second cross-sectional area is between 110% and 350% of 
the area of the first cross-sectional area. 

29. The metal-transfer conduit of claim 24 that is made of 
graphite. 

30. The metal-transfer conduit of claim 25 wherein the 
gas-release opening is positioned within 12" of the first 
Section. 

31. The metal-transfer conduit of claim 25 wherein the 
gas-release opening is positioned near a top wall of the 
Second Section. 

32. The metal-transfer conduit of claim 24 wherein the 
gas-release opening is formed in the first Section. 

33. The metal-transfer conduit of claim 32 wherein the 
gas-release opening is formed in a top wall of the first 
Section. 

34. The metal-transfer of claim 24 wherein the second 
cross-sectional area is between 110% and 350% larger than 
the first cross-sectional area. 

35. The metal-transfer conduit of claim 24 wherein the 
discharge further includes a third Section having a third 
croSS-Sectional area, the third Section being downstream of 
the Second Section and the third cross-sectional area being 
larger than the first cross-sectional area but Smaller than the 
Second cross-sectional area. 

36. The base of claim 1 wherein there is as-release 
opening in communication with the first Section and a 
gas-release opening in communication with the Second 
Section. 

37. The pump of claim 12 wherein there is a gas-release 
opening in communication with the first Section and a 
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gas-release opening in communication with the Second Section and a gas-release opening in communication with the 
Section. Second Section. 

38. The metal-transfer conduit of claim 24 wherein there 
is a gas-release opening in communication with the first k . . . . 


