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(54) Method of increasing the efficiency of melting metal

(57) A process for increasing the thermal radiation
absorbance of objects that are to be melted or softened.
An agent is applied to the object, such as an aluminum
sow, and the object is placed in a furnace. The furnace
exposes the object to thermal radiation, such as by blast-

ing the sow with jets of burning gas, and the material
melts. The increase in absorbance on the outer surface
of the object reduces the amount of energy needed to
melt or soften the material, as thermal energy is absorbed
by the object more rapidly than uncoated materials.
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Description

(e) BACKGROUND OF THE INVENTION

[0001] 1. Field Of The Invention
[0002] This invention relates generally to processes
for melting metal.
[0003] 2. Description Of The Related Art
[0004] Thermal radiation is partially responsible for
heat exchange between objects. Energy is gained by one
object absorbing the thermal energy of surrounding ob-
jects that are warmer. Absorption is the process by which
the energy of a photon is taken up by another entity. The
term "absorption" refers to the physical process of an
object absorbing light, whereas "absorbance" refers to
the quantity of light that is absorbed by the object. An
object appears white if it reflects all colors of visible light,
and appears black if it absorbs all colors of visible light.
Thus, it is generally understood that a darker color ab-
sorbs more visible light than a lighter color. The same is
generally true of invisible light, although other character-
istics of the material, such as surface texture, can affect
absorbance.
[0005] Industrial metal is sold in large blocks or bodies
called ingots, which have been melted and cast into a
shape and size that is efficiently handled. In the aluminum
industry, the larger of these ingots are commonly called
"sows", and a common sow size is approximately three
feet wide by four feet long by one foot tall. Such sows
weigh approximately 1,200 Ibs. The sows are transported
by their manufacturer to their final destination, at which
the metal is melted in a furnace in order to be used in a
casting or other metal-forming process.
[0006] A common furnace for melting aluminum sows
uses natural gas flames to melt each sow. The temper-
ature of the chamber in which the sow is heated is raised
to over 1,900 °F to liquefy the metal by heating it using
thermal radiation. The melting temperature of common
pure aluminum is about 1,220 °F. A substantial amount
of energy is consumed in melting aluminum sows and
other metal ingots, and it would be beneficial to reduce
the energy required to melt metal.

(f) BRIEF SUMMARY OF THE INVENTION

[0007] The invention includes a method of melting a
body, such as a metal body, in a furnace. The method
comprises applying to at least a portion of the outer sur-
face of the body an agent that darkens that portion of the
outer surface. The agent can be a paint or another coating
agent, it can be carbon particles adhered to the surface
or otherwise applied thereto or it can be another pigment,
either organic or inorganic. The body is next placed in
the furnace, and then exposed to thermal radiation. At
least the darkened portion is exposed to the radiation for
the purpose of melting at least part of the body. The melt-
ing can be followed by use of the molten metal in casting,
such as rapid solidification casting, or any other manu-

facturing process.
[0008] The invention also contemplates a body, such
as a metal ingot or aluminum sow, having at least a por-
tion of the outer surface coated with a darkening agent.
The body is configured for placing in a furnace that ex-
poses the body to thermal radiation until the body melts.
Preferably, a majority of the outer surface is coated with
the darkening agent, such as carbon particles.
[0009] By darkening the outer surface of the body prior
to exposure to thermal radiation, the absorbance of the
body is dramatically increased, thereby reducing the
amount of energy needed to melt the body. Use of the
method has substantially reduced the amount of time
necessary to melt aluminum sows, reduced the energy
consumed per unit of aluminum melted, and reduced the
amount of dross resulting from the melt.

(g) BRIEF DESCRIPTION OF THE SEVERAL VIEWS 
OF THE DRAWINGS

[0010] Fig. 1 is a view in perspective illustrating a pre-
ferred metal ingot after being darkened to increase ab-
sorbance.
[0011] Fig. 2 is a schematic side view of a furnace con-
taining a metal ingot that is being heated for melting.
[0012] In describing the preferred embodiment of the
invention which is illustrated in the drawings, specific ter-
minology will be resorted to for the sake of clarity. How-
ever, it is not intended that the invention be limited to the
specific term so selected and it is to be understood that
each specific term includes all technical equivalents
which operate in a similar manner to accomplish a similar
purpose. For example, the word connected or term sim-
ilar thereto are often used. They are not limited to direct
connection, but include connection through other ele-
ments where such connection is recognized as being
equivalent by those skilled in the art.

(h) DETAILED DESCRIPTION OF THE INVENTION

[0013] In a preferred embodiment of the invention, a
darkening agent is applied to the outer surface of the
aluminum sow 10 shown in Fig. 1. This agent is applied
prior to heating the sow 10 in the furnace 20, shown in
Fig. 2. The agent can be applied to the sow 10 by spray-
ing, brushing, dipping, electrostatic deposition or any oth-
er suitable procedure that coats at least a portion of the
outer surface of the sow 10 with the darkening agent. In
a particularly preferred embodiment, the agent applied
to the sow 10 is an inert graphite powder in 2,200 °F
compatible air-dryable liquid that can contain mineral
spirits and silica additives. The agent thus creates a coat-
ing that can be applied immediately before placing the
sow 10 in the furnace 20, or the agent can be applied a
substantial amount of time prior to heating.
[0014] Of course, the agent can be applied to the outer
surface by other processes, including anodization, chem-
ical etching, adhesive or any other means to form a dark-
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ened exterior surface on the body. Furthermore, vapor
deposition and other coating processes can be used. Still
further, the outer surface can be darkened by a material
that is applied to the outer surface of the body when it is
molten, such as by coating a vessel that the molten ma-
terial is poured into to form a sow. Of course, the person
of ordinary skill will recognize that such processes are
relatively expensive to carry out, and are therefore less
desirable unless a cost-justified increase in darkening
over the preferred embodiment is realized.
[0015] As used herein, the term "darken" is defined to
mean a change in color and/or other material property
that causes a substantial, measurable increase in the
absorbance of thermal energy via radiation and/or a de-
crease in the amount of thermal energy that is reflected
from the surface of the object. The term "darken", which
is commonly considered to mean a color that is seen by
the human eye, can, but is not necessarily considered to
darken a body according to the invention. For example,
it is possible for a material that appears to be darker, as
that term is commonly used, than a metal to increase a
metal body’s reflectivity. Such a material would only dark-
en a body, according to the invention, if the body’s ab-
sorbance increases by the application of the material to
the outer surface of the body. Such a material by dark-
ening the body substantially before exposing it to thermal
radiation, the amount of thermal energy needed to melt
the body is reduced due to greater absorbance of the
radiation.
[0016] The term "body" includes an object that is de-
signed to be heated until it melts or softens. Thus, a body
includes an ingot, a sow, a slab, a sheet, or any other
such structure intended to be heated in order to melt or
soften the material. The body’s material as discussed
herein is a metal, but can be a glass, plastic or other
material subject to melting. Furthermore, the metal dis-
cussed herein is aluminum, but reference to metal is in-
tended to include other metals in their pure forms, such
as iron, copper, zinc and others, as well as alloys of met-
als, including steel, brass, and others. The number of
metals that can be used with the present invention is too
numerous to list, but will be understood by the person of
ordinary skill from the disclosure herein.
[0017] It is preferred that only a portion of the outer
surface of the sow 10 be darkened in order to reduce the
labor necessary to carry out the invention, and to reduce
material costs. For example, it is contemplated to darken
only the top and sides of the sow 10, as shown, and not
apply a darkening agent to the bottom. This is because
the sow 10 is placed in the furnace 20 on a surface 22
that supports the sow 10 from beneath. In such an in-
stance, the bottom of the sow 10 is not exposed to the
thermal radiation to the same extent as the remainder of
the outer surface. Thus, such a coating would be wasted,
or at least of little value. In an alternative embodiment,
only a portion of the top and sides is painted, such as by
passing under a spraying nozzle, and a substantial por-
tion of the sides, and possibly sections of the ends and

top remain uncoated due to lack of spray coverage.
Nonetheless, the sow 10 has a measurable increase in
absorbance due to even a partial darkening.
[0018] After the outer surface of the sow 10 is dark-
ened, the sow 10 is placed in the conventional furnace
20 and heated by exposing the sow 10 to jets of burning
gas 30 and 32, as shown in Fig. 2. The jets of burning
gas 30 and 32 transmit thermal energy to the sow by at
least radiation in order to raise the temperature of the
sow 10 until the melting point of aluminum is reached.
Of course, any other furnaces that heat using at least
radiation can be used instead of the furnace 20, including
oil, gas or electric furnaces. By darkening the sow 10
prior to heating, the sow 10 absorbs thermal energy more
rapidly than an otherwise similar body that is not dark-
ened. This reduces the amount of energy needed to melt
the sow 10 over the less absorptive body.
[0019] If desirable, it is possible that the material that
darkens the sow 10 can become incorporated into the
material of the sow during melting, although this is not
required. If it is desired, then the darkening material can
be selected to encourage such incorporation. Alterna-
tively, it is possible to use a material that is not reactive
with the material of the body, and merely becomes part
of the dross that is removed in a conventional manner.
[0020] Experiments were performed to determine the
effect of darkening at least some portion of the sow that
is exposed to flames of a natural gas furnace. Those
exposed portions were coated with dark carbon, and the
sow was placed in a conventional furnace. The results
of the tests showed a reduction in time needed to heat
the sow until melting occurred, and a reduction in the
temperature the furnace had to attain to melt the sow.
For example, the entire time of melting the sow was re-
duced to about 1.25 hours from about 2 hours, and the
sow melting zone (the area of the furnace in which the
sow is melted) heated to only about 1,800 °F before sig-
nificant melting took place, as compared to about 1,900
to about 2,250 °F for a conventional, non-darkened sow.
This significant reduction in energy costs was realized
from an increase in labor of only about five minutes re-
quired to brush or spray the sow with the coating material.
This process also reduced the dross loss by a measur-
able amount, thereby reducing waste.
[0021] It will become apparent that the coating applied
to the body, such as the sow 10, must withstand the tem-
perature of the furnace heating the body to the melting
point. Thus, coatings that burn away or react with the air,
combustion products or the ingot surface at elevated tem-
peratures will not suffice for the invention if the reacted
coating has little to none of the darkening effect neces-
sary for a measurable reduction in energy. However,
coatings that darken as they react, which are contem-
plated by the invention, can be used to vary the process
over coatings that begin dark and remain the same. Thus,
although the invention is described herein as applying a
darkening coating, the invention includes a coating that
has little to no darkening effect initially, but darkens as
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the temperature rises, or as it reacts with the material of
the body or its surroundings.
[0022] This detailed description in connection with the
drawings is intended principally as a description of the
presently preferred embodiments of the invention, and
is not intended to represent the only form in which the
present invention may be constructed or utilized. The de-
scription sets forth the designs, functions, means, and
methods of implementing the invention in connection with
the illustrated embodiments. It is to be understood, how-
ever, that the same or equivalent functions and features
may be accomplished by different embodiments that are
also intended to be encompassed within the spirit and
scope of the invention and that various modifications may
be adopted without departing from the invention or scope
of the following claims.
[0023] Briefly, the invention comprises the following:
A process for increasing the thermal radiation absorb-
ance of objects that are to be melted or softened. An
agent is applied to the object, such as an aluminum sow,
and the object is placed in a furnace. The furnace expos-
es the object to thermal radiation, such as by blasting the
sow with jets of burning gas, and the material melts. The
increase in absorbance on the outer surface of the object
reduces the amount of energy needed to melt or soften
the material, as thermal energy is absorbed by the object
more rapidly than uncoated materials.

Claims

1. A method of melting a body in a furnace, the method
comprising:

(a) applying to at least a portion of the outer sur-
face of the body an agent that darkens said por-
tion of the outer surface;
(b) placing the body in the furnace; and then
(c) exposing at least said portion of the body to
thermal radiation to heat the body sufficiently to
melt at least some of the body.

2. The method in accordance with claim 1, wherein the
step of applying further comprises coating a majority
of the outer surface of the body with a darkening
agent.

3. The method in accordance with claim 2, further com-
prising orienting the body in the furnace with the dark-
ened portion facing a radiant energy-producing por-
tion of the furnace.

4. The method in accordance with claim 3, wherein the
coating is a paint.

5. The method in accordance with claim 3, wherein the
coating contains carbon particles.

6. The method in accordance with claim 3, wherein the
coating is black.

7. The method in accordance with claim 3, wherein the
body is an aluminum sow.

8. The product made by the steps of claim 1.

9. A body having at least a portion of the outer surface
coated with a darkening agent, wherein the body is
configured for placing in a furnace that exposes the
body to thermal radiation until the body melts.

10. A metal body having at least a majority of the outer
surface coated with a darkening agent, said body
being disposed in a furnace that heats the body to
its melting point by exposing the body to at least ther-
mal radiation.

11. The metal body in accordance with claim 10, wherein
the metal is aluminum, the body is a sow and said
darkening agent further comprises at least some car-
bon particles.

12. A method of melting a body in a furnace, the method
comprising:

(a) applying to at least a portion of the outer sur-
face of the body an agent;
(b) placing the body in the furnace;
(c) heating the body sufficiently to cause the
agent to darken said portion of the outer surface;
and then
(d) heating the body sufficiently to melt the body.

13. The method in accordance with claim 12, wherein
the body is metal.
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