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crushed and reconstituted into pellets having internal channels. The internal channels can be filled with additives designed to fully
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roasting process. The crushed black dross can be crushed to pieces below 10 mm and screened for larger pieces prior to
pelletizing to ensure consistent pellets. Optionally, an eddy current separator can remove some metallic aluminum from the
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(57) Abstract: The efficiency of roasting black dross can be improved by pre-
processing the black dross before roasting. Black dross can be crushed and recon-
stituted into pellets having internal channels. The internal channels can be filled
with additives designed to fully oxidize during a dross roasting process, enabling
the internal channels to be open and gas to flow therethrough during a dross roast-
ing process. The crushed black dross can be crushed to pieces below 10 mm and
screened for larger pieces prior to pelletizing to ensure consistent pellets. Optional-
ly, aneddy current separator can remove some metallic aluminum from the crushed
black dross prior to pelletizing.
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ENHANCED DROSS FEEDSTOCK

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of and priority to U.S. Provisional
Application No. 62/867,718, filed on June 27, 2019, and titled “ENHANCED DROSS
FEEDSTOCK,” the content of which is herein incorporated by reference in its entirety for all

purposes.

TECHNICAL FIELD
[0002] The present disclosure relates to metal recycling generally and more

specifically to treatment and use of dross from aluminum recycling.

BACKGROUND

[0003] Byproducts of metal recycling, and specifically aluminum recycling, can be
difficult to handle and process. For example, aluminum recycling generally produces black
dross or white dross as a byproduct of the recycling process. Black dross generally contains
some aluminum, a moderate amount of aluminum oxides, and a substantial portion of salts.
For example, some black dross resulting from the recycling of used beverage can (UBC)
stock produces black dross having about 10% aluminum, 50% salts, and 40% oxides,
although other amounts may occur. White dross is a mixture of oxides and metallic aluminum
and normally contains very little salt. The metal in white dross 1s most often recovered by
treating the dross with salts at high temperatures. This results in an oxide/salt byproduct
commonly referred to as salt cake. These byproducts can contain nitrides, carbides, and other
materials.

[0004] The byproducts can be hazardous and can require highly-controlled
transportation and disposal operations. For example, dross from aluminum recycling can

generate explosive hydrogen when wet, and thus must be carefully handled. Current dross
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treatment technologies generally require separate facilities, and thus the dross must be
transported from the location of its generation to a treatment facility. In some countries,
regulations prohibit various handling and disposal of such materials. Current technologies
that treat dross focus on recovery of the metal (e.g., aluminum) through heating and melting,
and recovery of the salt through leaching and evaporation. These current technologies rely on
high power output, such as heating of batches of white dross to remove metal and using large
amounts of water and energy to leach salt from dross or salt cake and evaporating that water
to recover the salt. The water and energy used to leach salt from dross is significant enough
that certain current white dross treatment techniques specifically focus on a salt-free process
to avoid having to recover salt at a later step. Additionally, leaching salt from dross can
generate substantial noxious, toxic, and/or reactive gases (e.g., H2S, PHs, NHs, H2/CHa),
which require controlled collection and destruction.

[0005] Thus, there is a desire for improved handling and treatment of dross from
aluminum recycling such that components of the dross can be more easily and efficiently

recovered and such that the dross can be more easily and efficiently handled.

SUMMARY
[0006] The term embodiment and like terms are intended to refer broadly to all of the
subject matter of this disclosure and the claims below. Statements containing these terms
should be understood not to limit the subject matter described herein or to limit the meaning
or scope of the claims below. Embodiments of the present disclosure covered herein are
defined by the claims below, not this summary. This summary is a high-level overview of
various aspects of the disclosure and introduces some of the concepts that are further
described in the Detailed Description section below. This summary is not intended to identify
key or essential features of the claimed subject matter, nor is it intended to be used in

isolation to determine the scope of the claimed subject matter. The subject matter should be
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understood by reference to appropriate portions of the entire specification of this disclosure,
any or all drawings and each claim.

[0007] In various examples, a method for pre-treating dross is provided. The method
can include receiving dross pieces; disintegrating the dross pieces into dross particles at or
below 10 mm in diameter; and agglomerating the dross particles into pellets. The pellets may
include channels when heated to temperatures at or above 800 °C.

[0008] In various examples, a method of treating metal recycling byproduct is
provided. The method can include providing dross pellets. Each of the dross pellets can
include dross and an additive selected to oxidize or decompose at a channel exposure
temperature at or below 800 °C. The additive may be positioned within the pellet to reveal
channels in the pellet upon oxidation. The method can further include heating the dross
pellets to a temperature at or above the channel exposure temperature. The method can
further include oxidizing or decomposing the additive to expose the channels of each pellet.
The channels of a pellet may permit gas to enter and pass through the pellet. The method can
further include maintaining the dross pellets at the temperature to perform thermal processing
of the dross pellets.

[0009] In various examples, a reconstituted metal recycling byproduct is provided.
The reconstituted metal recycling byproduct may include dross and additive. The dross may
include aluminum oxides. The additive may be selected to oxidize or decompose at
temperature at or below 800 °C. The dross and the additive may be agglomerated together
into a pellet. The additive may be located within the pellet such that one or more channels
through the pellet are exposed upon oxidation of the additive.

[0010] Various implementations described in the present disclosure can include
additional systems, methods, features, and advantages, which cannot necessarily be expressly

disclosed herein but will be apparent to one of ordinary skill in the art upon examination of
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the following detailed description and accompanying drawings. It is intended that all such
systems, methods, features, and advantages be included within the present disclosure and

protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The specification makes reference to the following appended figures, in which
use of like reference numerals in different figures 1s intended to illustrate like or analogous
components.
[0012] FIG. 1 is a schematic diagram of a dross thermal processing system according
to certain aspects of the present disclosure.
[0013] FIG. 2 1s a schematic diagram of dross pelletizing system according to certain
aspects of the present disclosure.
[0014] FIG. 3 is a schematic diagram of a dross pellet being heated according to
certain aspects of the present disclosure.
[0015] FIG. 4 1s a flowchart depicting a process for generating dross pellets according
to certain aspects of the present disclosure.
[0016] FIG. 5 is a flowchart depicting a process for processing dross pellets according
to certain aspects of the present disclosure.
[0017] FIG. 6 1s a schematic diagram depicting a system for extracting salt from dross
according to certain aspects of the present disclosure.
[0018] FIG. 6A is a schematic diagram depicting another system for extracting salt
from dross according to certain aspects of the present disclosure.
[0019] FIG. 7 is a flowchart depicting a process for extracting salt from dross
according to certain aspects of the present disclosure.
[0020] FIG. 8 is a schematic diagram depicting a two-stage process for thermally

treating dross according to certain aspects of the present disclosure.
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[0021] FIG. 9 is a schematic diagram depicting a single-vessel, two-stage process for

thermally treating dross according to certain aspects of the present disclosure.

DETAILED DESCRIPTION

[0022] Certain aspects and features of the present disclosure relate to techniques for
improving the efficiency of roasting dross, such as black dross or salt cake (e.g., white dross
reacted with salt flux), by pre-processing the dross before roasting the dross to extract
aluminum and/or salt. Dross can be disintegrated (e.g., crushed) and reconstituted into pellets
having internal channels. The internal channels can be filled with additives designed to fully
oxidize during a dross roasting process, enabling the internal channels to be open and gas to
flow therethrough during a dross roasting process. The disintegrated dross can be
disintegrated to pieces below 10 mm and screened for larger pieces prior to pelletizing to
ensure consistent pellets. Optionally, an eddy current separator and/or other suitable means
can be used to remove some metallic aluminum from the disintegrated dross prior to
pelletizing.

[0023] Metal recycling, such as aluminum recycling, can result in secondary metal
(e.g., secondary aluminum) and various recycling byproducts. For example, in aluminum
recycling processes, the recycling byproducts can be types of dross, or mixtures of metallic
aluminum and aluminum oxides. In some cases, other materials in the aluminum being
recycled can include contaminants and salts, which can end up in the dross. Different types of
dross can exist, such as white dross and black dross. White dross consists primarily of
aluminum and aluminum oxides, whereas black dross additionally contains salts. The terms
white and black when used with respect to dross refers to a type of dross, and not necessarily
the physical color of the dross. In some cases, processing white dross can include combining

the white dross with salts to facilitate extraction of secondary metal.
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[0024] Black dross is a common byproduct of recycling used beverage can (UBC)
stock, in which approximately 2% of salt by weight is used to remove impurities and oxides
from the aluminum in the UBC stock. The recycling processes for UBC stock result in black
dross balls or chunks having various sizes on the order of tens of millimeters (e.g., 25 mm) in
diameter. These black dross balls generally contain approximately 10% aluminum, 50% salt,
and 40% oxides and additional contaminants by weight.

[0025] White dross is a common byproduct of many other types of aluminum
recycling processes. White dross can contain a substantial amount of aluminum that can be
removed through further processing by contacting the white dross with salt to generate salt
cake. As used herein, the general term dross is inclusive of salt cake generated from
combining white dross with salt.

[0026] It has been found, such as from recycling UBC, that black dross in its native
form can retain carbon up to approximately 4% by weight even after thermal treatment.
Generally, thermal treatment of native black dross can form a layered ball wherein the
outermost layers are covered with complex oxides and the innermost layers contain non-
oxidized carbon and other compounds. It was determined that a larger surface-to-volume
ratio can be desirable to ensure more of the residual carbon in the black dross is reacted with
oxygen.

[0027] Crushing black dross prior to thermal treatment may be potentially
problematic, at least in part because the black dross fines are difficult to handle and can
become entrained in gas being output from the reaction vessel (e.g., rotary kiln). In cases
where salt vapor is collected from the reaction vessel, such as described herein, black dross
fines may become entrained in the output gas which can contaminate the salt vapor.

[0028] To avoid the problem with black dross fines, disintegrated black dross (e.g.,

disintegrated through crushing or any other suitable technique) can be agglomerated into
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pellets. In some cases, the pellets can have a form that is tailored to achieve desirable thermal
processing. For example, the pellets can have channels throughout, through which oxygen
can pass and out of which salt vapor can escape. In some cases, a channel can pass through
the pellet, although that need not always be the case. In some cases, a channel can be single-
ended and can extend from a surface of the pellet partially into the pellet. Pellets can be
formed through pelletization, compaction, or any other agglomeration technique. In some
cases, pellets can be formed using techniques that create inherent channels. In some cases,
black dross fines can be mixed with additives prior to agglomeration such that the additives
form channel precursors in the pellets. Upon oxidation, the additives can decompose, leaving
voids that form or expose the channels in the pellets. The additives can be selected to oxidize,
volatize, or otherwise decompose at sufficiently low temperatures such that the channels are
exposed by the time thermal processing temperatures are reached for processing of the black
dross. For example, additives can be selected that oxidize at temperatures at or below
approximately 500 °C, 600 °C, 700 °C, or 800 °C, or between approximately 500 °C and 800
°C. The temperature at which the additive oxidizes, volatizes, or otherwise decomposes and
exposes the channels can be referred to as a channel exposure temperature. The pellets thus
comprise channels when heated to temperatures at or above the channel exposure
temperature. For example, a pellet can comprise channels when heated to temperatures at or
above 800 °C for additives that oxidize at temperatures at or below 800 °C, including
additives that oxidize at temperatures at or below 500 °C.

[0029] In some cases, the disintegrated black dross can form fines having diameters at
or less than approximately 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, 5 mm, 4 mm, 3 mm, or 2 mm
at an upper range end and diameters at or above approximately 50 micrometers, 40
micrometers, 30 micrometers, 20 micrometers, 10 micrometers, or 5 micrometers at a lower

range end. In some cases, an eddy current separator can be used to remove excess metallic
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aluminum from the black dross fines. In some cases, the black dross fines can be screened to
remove oversized particles, which can be diverted back for further disintegration or can be
fed forward for thermal processing.

[0030] In some cases, the agglomeration process can result in black dross pellets
having consistent sizes, such as pellets having diameters (e.g., a maximum diameter of a
pellet or an average diameter of a pellet) between 5 mm and 50 mm, between 10 mm and 50
mm, between 10 and 40 mm, between 10 and 30 mm, between 10 and 20 mm, between 12
mm and 18 mm, or 14 mm and 16 mm. In some cases, the variation between pellets can be at
or less than approximately 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, 5 mm, 4 mm, 3 mm, 2 mm, or
I mm. The consistent size of the pellets can facilitate successful estimation of processing
times for thermal processing.

[0031] In some cases, additives can include waste materials from other industries. For
example, additives can include one or more of automobile shredder fluff, post-consumer
scrap (e.g., shredded plastic bottles or agricultural byproducts such as corn silk, wheat chaff,
straw, or rice hulls), textile residues, carpet residues, UBC decoater dust, or other such
products. In some cases, additives can be selected to provide a certain degree of permeability
to a pellet at elevated temperature (e.g., at or above 500 °C). In some cases, additives can
additionally include fuel additives selected to provide fuel to help generate heat within the
reaction vessel. In some cases, an additive can be selected to provide fuel and also improve
the permeability of a pellet at elevated temperature.

[0032] In some cases, the agglomerated pellets can be generally spheroid in shape,
although that need not be the case and other regular or irregular shapes may be utilized. In
some cases, pellets can have a smooth surface or a rough surface. In some cases, pellets can
be further pre-processed to alter the physical shape of the pellet to facilitate permeability of

the pellet to gasses.
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[0033] In some cases, black dross pellets tailored as described herein can improve the
efficiency and speed of salt extraction. In some cases, black dross pellets tailored as described
herein can improve the oxidation of residual carbon, residual metallic aluminum, and/or other
residual compounds. In some cases, the black dross pellets can be used in conjunction with a
reaction vessel designed to maintain an oxidative environment.

[0034] In some cases, salt can be extracted from dross containing salt through thermal
processing. Traditionally, thermal processing of dross is carried out at temperatures well
below 1200 °C. However, by permitting or encouraging the reaction vessel to reach
temperatures sufficient to evaporate the salt (e.g., at or above 1200 °C), the salt can be
evaporated as salt vapor and be directed out of the reaction chamber, such as through a gas
outlet. In some cases, the reaction vessel is permitted or encouraged to reach a temperature at
or above the boiling points of salts within the dross (e.g., 1416 °C for KCl or 1450 °C for
NaCl) to increase the rate at which the salt is evaporated as salt vapor and directed out of the
reaction chamber. In some cases, salt can be evaporated, albeit more slowly, at temperatures
near or below the boiling point of the salt. In some cases, the gas outlet can also function as a
material inlet. While a reaction vessel may be capable of supporting temperatures in the range
of up to 1200 °C to 1600 °C, these temperature ranges were previously not generally used in
the aluminum industry. Dross can be maintained at these high temperatures until
approximately 95%, 99%, 99.9%, or other relevant amount of the salt in the dross has
evaporated. In some cases, dross can be maintamed at these high temperatures for
approximately 30 minutes, 35 minutes, 40 minutes, 45 minutes, S0 minutes, 55 minutes, 60
minutes, 65 minutes, 70 minutes, 75 minutes, 80 minutes, 85 minutes, 90 minutes, 95
minutes, 100 minutes, 105 minutes, 110 minutes, 115 minutes, 120 minutes, 125 minutes,
130 minutes, 135 minutes, 140 minutes, 145 minutes, or 150 minutes. In some cases, such as

for small and permeable dross, the dross can be maintained at these high temperatures for
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approximately 10 minutes, 15 minutes, 20 minutes, 25 minutes, or 30 minutes. In some cases,
the use of pelletized dross can facilitate oxidation of residual compounds in the dross, which
can facilitate reaching and/or maintaining these high temperatures with only the addition of
oxygen to the reaction vessel (e.g., without supplying heat to the reaction vessel through a
separate heat source, such as an oxy-fuel burner).

[0035] Salt vapor exiting the reaction vessel can be collected and condensed into salt,
which can be collected and optionally reused for further treatment of dross (e.g., white dross)
or UBC (e.g., in a sidewell furnace).

[0036] In some cases, maintaining these high temperatures necessary to extract salt
from dross via an evaporative route results in an unexpected formation of a continuous, dense
layer of oxide adhering to the refractory inner surface of the reaction vessel. Although this
oxide layer can be removed periodically (e.g., to avoid losing reactor volume), its presence
can provide a degree of protection to the underlying refractory from abrasive wear, thermal
shock, and chemical attack, thus extending the life of the reaction vessel. Surprisingly,
maintaining these high temperatures necessary to extract salt from dross via an evaporative
route results in the removal of aluminum nitrides, and thus enables more efficient recycling
of certain drosses or dross treatment processes that have relatively high amounts of aluminum
nitride.

[0037] In some cases, a two-stage dross treatment process can be performed. In a first
stage, white dross 1s contacted with salt at a first temperature to recover metal, with salt cake
generated as a byproduct. In a second stage, the salt cake can be thermally processed at a
second temperature sufficient to evaporate the salt (e.g., at or above 1200 °C or, in some
cases, near, at or above the boiling point of the salt) to evaporate the salt as salt vapor for
collection and condensation into salt In some cases, the salt vapor and/or salt can be

temporarily stored and reused in the subsequent treatment of additional white dross. In some
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cases, increased amounts of salt can be obtained by mixing existing black dross in with the
white dross and/or the salt cake prior to the second stage. In some cases, the second stage can
include oxidizing residual compounds in the dross, such as remaining metal.

[0038] In some cases, each stage of the two-stage dross treatment process can occur
in the same vessel, although that need not always be the case. When a single vessel is used,
residual heat remaining after removal of the inert oxides after the second stage can be used to
begin heating new white dross in a subsequent treatment process. Thus, the two-stage dross
treatment process can involve the reuse of salt and thermal energy between a second stage of
a treatment process and a first stage of a subsequent treatment process.

[0039] In some cases, the two-stage dross treatment process can facilitate the
recycling of low grade scrap (e.g., thermal break material). In such cases, the white dross
provided to the reaction vessel comes from the melting of the scrap within the reaction vessel.
In such cases, the scrap can be melted, secondary aluminum can be tapped off, salt can be
added to produce salt cake, additional secondary aluminum can be tapped off, and the heat
and oxygen can be increased to evaporate the salt and generate the inert oxide residue.

[0040] In some cases, additional organic-rich material can be added to provide some
of the energy required to achieve the high temperatures in the second stage of the two-stage
dross treatment process.

[0041] These illustrative examples are given to introduce the reader to the general
subject matter discussed here and are not intended to limit the scope of the disclosed
concepts. The following sections describe various additional features and examples with
reference to the drawings in which like numerals indicate like elements, and directional
descriptions are used to describe the illustrative embodiments but, like the illustrative
embodiments, should not be used to limit the present disclosure. The elements included in the

illustrations herein may not be drawn to scale.
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[0042] FIG. 1 is a schematic diagram of a dross thermal processing system 100
according to certain aspects of the present disclosure. The system 100 can comprise a
reaction vessel 102 in which the thermal processing of the dross can occur. The reaction
vessel 102 can be a rotary kiln, although any other suitable reaction vessel can be used. A
source of dross 104 can be used to supply the reaction vessel 102 with dross (e.g., white
dross, black dross, or salt cake). The reaction vessel 102 can be supplied with initial heat
from a heat source 106, such as an oxy-fuel burner. When thermal processing is underway,
heat can be increased and/or maintained within the reaction vessel 102 through the addition
of oxygen, such as through an optional oxygen inlet 107 or the heat source 106 (e.g., when
the heat source 106 is used in a non-heating form to provide oxygen to the reaction vessel
102).

[0043] In some cases, a controller 114 can be coupled to the heat source 106 and/or
oxygen inlet 107 to control the temperature within the reaction vessel 102. Controller 114 can
be coupled to a temperature sensor positioned to read the temperature within the reaction
vessel 102.

[0044] During thermal treatment, combustion gasses can be expelled from the
reaction vessel 102 via a gas outlet 108. In some cases, the gas outlet 108 can be a port in the
reaction vessel 102 through which dross is provided into the reaction vessel 102.

[0045] In some cases, an optional salt source 112 can provide salt to the reaction
vessel 102, such as in the processing of white dross.

[0046] In some cases, a salt collector 110 can be coupled to the gas outlet 108 to
receive salt vapor and collect salt from the salt vapor (e.g., through condensation of the salt
vapor). In some cases, the salt collector 110 can be coupled to the salt source 112 to replenish
the salt source 112 through the extraction of salt from dross within the reaction vessel 102. In

some cases, an optional sensor 116 (e.g., an optical sensor) can be coupled to the salt
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collector 110 and/or the gas outlet 108 to detect a concentration of salt in the salt vapor (e.g.,
through optical inspection of the opacity of the salt vapor). The sensor 116 can be coupled to
controller 114 to provide feedback to control the temperature of the reaction vessel 102 in
response to changes in the concentration of salt in the salt vapor. For example, once the
concentration of salt in the salt vapor drops below a threshold, a determination can be made
that at least 95%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or
99.9% or other relevant amount of the salt has been extracted from the dross within the
reaction vessel 102, and the controller 114 can control the heat source 106 and/or oxygen
inlet 107 to reduce the temperature within the reaction vessel 102.

[0047] While the system 100 can be used with any suitable metals, the system 100
can be advantageously used with dross from aluminum recycling.

[0048] FIG. 2 is a schematic diagram of dross pelletizing system 200 according to
certain aspects of the present disclosure. Dross pieces 218 can be spherical or other shaped,
and can contain oxides (e.g, aluminum oxides) and other materials, such as metal (e.g.,
metallic aluminum) and salt. The dross pieces 218 can have inconsistent sizes, such as sizes
ranging from 10 mm in diameter to 50 mm in diameter, although pieces of other sizes can be
present. The dross pieces 218 can be introduced to a dross crusher 220, which can crush the
dross pieces 218 into dross particles 222 (e.g., dross fines). The dross particles 222 can have
diameters of at or less than 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, 5 mm, 4 mm, 3 mm, 2 mm, or
I mm. The dross particles 222 can be mixed with additives from an additive supply 224 and
then introduced to an agglomerator 526. The agglomerator 526 can be a pelletizer, or other
suitable device for turning the dross particles 222 and additives into dross pellets 228. The
dross pellets 228 can have a relatively uniform size on the order of 10 mm to 20 mm in
diameter. In some cases, the pelletizer can be an extrusion pelletizer designed to generate

extruded pellets having an oblong or elongated shape. As used herein, reference to a diameter
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of an oblong or elongated shape can refer to a maximum or average diameter of a cross
section of an oblong or elongated shape, or to a maximum or average length of an oblong or
elongated shape. In some cases, pellets may have a length to diameter ratio of 0.5, 0.6. 0.7,
0.8,09,10,1.1,12,13,14,15,1.6,1.7,1.8,.1.9, or 2.0.

[0049] The proportions of additives and dross particles 222 can be controlled to
achieve a desired permeability of the resultant dross pellets 228 upon heating the dross pellets
228 to a channel exposure temperature (e.g., a temperature at which the additive oxidizes and
exposes the channels within the dross pellets 228).

[0050] FIG. 3 is a schematic diagram of a dross pellet 328 being heated according to
certain aspects of the present disclosure. The dross pellet 328 can be a dross pellet 228 from
FIG. 2. The dross pellet 328 can comprise dross imbued with additives. The additives can
establish channel precursors 330 within the pellet 328.

[0051] After heating the pellet 328 to a channel exposure temperature for a sufficient
amount of time, the additives can oxidize, volatize, or otherwise decompose. The resultant
channeled pellet 332 can contain channels 334 therethrough. Channels 334 can pass through
the channeled pellet 332 in any direction, although in some cases a channel 334 can extend
less than through the channeled pellet 332 (e.g., to achieve a single-ended channel 334). In
some cases, channels 334 can be surrounded by dross material of the channeled pellet 332
(e.g., forming a void through the channeled pellet 332). In some cases, however, channels
334 can form entirely on the surface of the channeled pellet 332, such as in the shape of
surface valleys.

[0052] The channels 334 in the channeled pellet 332 can effectively increase the
surface-to-volume ratio of the pellet, can permit oxygen to more effectively permeate the

pellet, and can permit salt vapor to more effectively escape the pellet.
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[0053] FIG. 4 is a flowchart depicting a process 400 for generating dross pellets
according to certain aspects of the present disclosure. Process 400 can be used to generate
dross pellets 228 or dross pellets 328 of FIGs. 2 or 3, respectively.

[0054] At block 402, dross pieces can be received. At block 404, the dross pieces can
be disintegrated. Disintegration can be achieved by crushing, grinding, or otherwise
interacting with the dross pieces to reduce the size to dross particles having diameters of at or
less than 10 mm, 9 mm, 8§ mm, 7 mm, 6 mm, 5 mm, 4 mm, 3 mm, 2 mm, or 1 mm.

[0055] At optional block 406, metallic aluminum can be extracted from the dross
particles (e.g., disintegrated or crushed dross pieces) using, for example, an eddy current
separator or by any suitable means for extracting the metallic aluminum from the dross
particles.

[0056] At optional block 408, the dross particles can be screened for size. Screening
the dross particles can include separating out oversized particles. In some cases, oversized
particles can be directed back to be further disintegrated at block 404. In some cases,
oversized particles can be fed forward to be thermally processed at block 412.

[0057] At block 410, dross particles can be agglomerated (e.g., reconstituted) into
pellets. Agglomerating the dross particles into pellets can occur through pelletization,
compaction, or any other suitable technique for generating pellets. In some cases, additives
can be provided at block 414 and used during agglomeration at block 410 to generate a pellet
comprised of dross particles and additives. The amount and/or type of additives can be
controlled to achieve a desired permeability of the resultant pellet.

[0058] At block 412, the dross pellet can be thermally processed. Thermal processing
a dross pellet can include heating the dross pellet to extract a compound, such as metal or
salt. The thermal processing may additionally or alternatively oxidize any remaining metal to

provide energy to evaporate the salt. In some cases, the thermal processing at block 412 may
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solely include pellets agglomerated at block 410. In some cases, the thermal processing at
block 412 may additionally or altematively include oversize particles fed forward from the
screening at block 408. For example, at least some of the oversize particles fed forward may
be sufficiently large to avoid becoming airborne fines that could contaminate an exhaust
stream during thermal processing at block 412 and/or may be sufficiently small to facilitate
extraction through thermal processing at block 412 without being subjected to an intervening
operation at blocks 410 and/or 412 relating to agglomerating with other dross particles and/or
additives.

[0059] FIG. 5 is a flowchart depicting a process 500 for processing dross pellets
according to certain aspects of the present disclosure. At block 502 dross pellets can be
received. Dross pellets can contain additives in the shape of channel precursors. At block
504, the dross pellets can be heated to at or above a channel exposure temperature. In some
cases, the channel exposure temperature is at or approximately 500 °C. In some cases, the
channel exposure temperature is at or below 800 °C, 700 °C, 600 °C, or 500 °C, or at or
between 500 °C and 800 °C. Heating the dross pellets at block 504 can cause the additives in
the dross pellets to oxidize, volatize, or otherwise decompose, thus exposing the channels
within the dross pellet. At block 506, the dross pellets can continue to be heated to thermally
process the dross pellets. In some cases, thermally processing the dross pellets at block 506
can comprise evaporating salt from the dross pellets at block 508. In some cases, evaporating
salt from the dross pellets at block 508 can comprise passing salt vapors out of the channels
of the dross pellets.

[0060] FIG. 6 is a schematic diagram depicting a system 600 for extracting salt 650
from dross 628 according to certain aspects of the present disclosure. The dross 628 can be
dross pellets 228 or dross pellets 328 of FIG. 2 or 3, respectively. The system 600 can include

areaction vessel 602. Reaction vessel 602 can be reaction vessel 102 of FIG. 1.
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[0061] Dross 628 (e.g., black dross or salt cake) can be introduced into the reaction
vessel 602 via feed chute 640. A heat supply 606 can provide heated gas and optionally
oxygen to the reaction vessel 602 during the treatment process. In some cases, the reaction
vessel 602 can rotate to tumble the dross 628. After heating to a sufficient temperature to
evaporate the salt (e.g., at or above 1200 °C, or near, at or above a salt boiling point), salt
within the dross 628 can evaporate as salt vapor 636.

[0062] Gasses within the reaction chamber 602 can flow in direction 638, conveying
the salt vapor 636 out of the gas outlet 608. The salt vapor 636 can be caught in a salt
collector 610. The salt collector 610 can include a hood 642 for collecting the salt vapors 636,
a condenser 644 for condensing the salt vapor 636 into salt 650, and a salt collection chamber
646 for storing the reclaimed salt 650. In some cases, condensation of the salt vapor may be
accomplished or facilitated by ingress into the salt collector 610 of air and/or water (e.g.,
water spray), such as through an inlet 643 coupled with or included in the condenser 644. In
some cases, the condenser 644 can cool the salt vapor 636 to liquid droplets which can then
be captured and turned into a solid. In some cases, the condenser 644 can cool the salt vapor
636 directly to a solid without capturing the intermediate liquid droplets. In some cases, an
optional supply path 648 can redirect reclaimed salt 650 back to the reaction chamber 602
(e.g., via feed chute 640). In some cases, the salt collector 610 can include an extra output
652 for outputting gasses other than the salt fumes 636.

[0063] FIG. 6A 1s a schematic diagram depicting another system 600A for extracting
salt 650 from dross according to certain aspects of the present disclosure. The system 600A
shown in FIG. 6A can include elements already described with respect to the system 600
shown in FIG. 6. The system 600A shown in FIG. 6A differs from the system 600 shown in
FIG. 6 with respect to the salt collector 610A. In the salt collector 610A, the salt vapor 636

collected by the hood 642 may be converted into a liquid salt mist 641 by mixing with water
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and/or air introduced through a water and/or air inlet 643. A bed of demister media 645 may
be positioned in the path of the liquid salt mist 641 and may induce condensation or
otherwise cause the liquid salt mist 641 to coalesce into droplets 647 that can fall and be
collected as a liquid salt bath within a reservoir 649. One suitable option for the demister
media 645 may be tabular alumina spheres, although other types of media may be utilized.
The demister media 645 may remove salt from the exhaust stream that may be directed out an
exhaust 651 of the salt collector 610A. In some cases, a dilution inlet 653 can introduce
additional air into the exhaust stream for further dilution of particulate, e.g., before the
exhaust stream is directed further through a fan and/or baghouse.

[0064] In some cases, temperature may be monitored and/or regulated to facilitate
conditions for causing droplets 647 to coalesce. A temperature at a reference point 655
downstream of the demister media 645 may be measured by a suitable temperature sensor
and provide input for adjusting an amount of water and/or air introduced through the water
and/or air inlet 643. For example, an increase in introduced air and/or water may be triggered
to decrease a downstream temperature or a decrease in introduced air and/or water may be
triggered to increase a downstream temperature. As an illustrative example, water and/or air
introduced through the water and/or air inlet 643 may be modulated to target a downstream
temperature of 800 °C at reference point 655 and/or an input temperature of 850 °C adjacent
the water and/or air inlet 643.

[0065] Various elements may be included to process reclaimed salt 650 from the
liquid salt bath contained in the reservoir 649. For example, the reclaimed salt 650 from the
salt bath may be carried by a salt caster 657. In some cases, reclaimed salt 650 may be
introduced into a cooler 659 and/or into a crusher 661. In some cases, an optional supply path
648 can redirect reclaimed salt 650 (e.g., in a liquid or solid state) back to the reaction

chamber 602 (e.g., via feed chute 640).
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[0066] FIG. 7 1s a flowchart depicting a process 700 for extracting salt from dross
according to certain aspects of the present disclosure. Process 700 can occur using the system
600 of FIG. 6. Process 700 can occur using the dross pellets 228, 328 of FIGs. 2, 3,
respectively.

[0067] At block 702, a reaction vessel can be charged with dross (e.g., dross pellets).
In some cases, charging the vessel with dross can comprise inputting dross into the reaction
vessel. In some cases, charging the vessel with dross can comprise generating dross within
the reaction vessel through the melting of scrap metal.

[0068] In some cases, the dross can include white dross and additional actions can be
performed to generate salt cake and extract metal from the white dross. At optional block
704, salt can be added to the white dross. At optional block 706, the white dross can be
contacted with the salt at a first temperature. This contacting and heating can facilitate
extraction of metal from the white dross and can facilitate generation of salt cake.

[0069] At block 708, the dross (e.g., black dross or salt cake) can be heated to a
temperature that s sufficiently high to evaporate the salt (e.g., at 1200 °C). In some cases, the
dross can be heated to a temperature that is at or greater than a boiling point of the salt within
the dross. Heating the dross can comprises supplying heat from a heat source (e.g., oxy-fuel
burner) or supplying oxygen to facilitate oxidation of fuel within the reaction vessel (e.g.,
residual carbon). At block 710, the salt can be permitted to evaporate as salt vapor. In some
cases, blocks 708 and/or 710 can occur for a duration sufficient to evaporate a desired amount
of salt (e.g., 95%., 99%, or 99.9%) from the dross. At block 712, the salt vapor can be directed
to a gas outlet. At block 714, the salt vapor can be captured. At block 716, the salt vapor can
be condensed into salt (e.g., into solid salt or liquid salt). In some cases, the salt reclaimed at
block 716 can be reused in a subsequent block 704 to supply salt to subsequent white dross.

In some cases, the salt reclaimed at block 716 may be reused in a use other than generating
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subsequent salt cake. For example, in some cases, the salt reclaimed at block 716 can be used
to facilitate melting of scrap metal.

[0070] In some cases, the salt vapor can be measured at optional block 718 to obtain a
measurement of salt concentration in the salt vapor. Based on the measurement at block 718,
a determination can be made to cease heating the dross and evaporating the salt at blocks 708,
710. In some cases, this determination can be associated with evaporation of a desired
amount of salt as determined by the measurement at block 718.

[0071] In some cases, additional black dross can be added to the reaction vessel at
optional block 720. Additional black dross can permit higher quantities of salt to be
evaporated and reclaimed at blocks 710, 712, 714, 716. In some cases, the addition of black
dross at block 720 can improve the efficiency of thermally treating subsequent white dross.
[0072] Results from one example set of testing are shown in the chart below. In these
test runs, the dross samples used had an initial salt level of approximately 50% and were
subjected to the temperatures and timing indicated to obtain the measured percentages of salt
removed and residual chloride. These results indicated that by operating at elevated
temperatures (e.g., at or above 1200 °C, or at or above boiling points of salt, or even below
but near such points), residual chloride salts can be reduced by more than 99% and that the
resulting calcined oxide residue can be non-reactive and considered non-hazardous for

transport, use, and disposal under the Toxicity Characteristic Leach Procedure (TCLP)

standards set by the Environmental Protection Agency (EPA).

Run # Starting Maximum Total Time | Salt Removal | Residual
Temperature | Temperature | (min) (%) Chloride
0 O (%)
1 1350 1530 90 99.5 0.10
2 1350 1520 90 99.7 0.06
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3 1300 1565 100 998 0.04
4 1300 1510 90 99.9 0.03
5 1300 1500 90 97.6 0.49
6 1300 1440 135 98.3 0.34
7 1450 1550 90 99.6 0.08
8 1350 1450 90 99.7 0.07
9 1350 1600 90 99.9 0.03
10 1350 1460 90 99.8 0.04
[0073] FIG. 8 is a schematic diagram depicting two-stage process 800 for thermally

treating dross according to certain aspects of the present disclosure. In a first stage, white
dross can be heated within a reaction vessel, in combination with salt, to a first temperature
(e.g., at or approximately 800 °C) to extract metal and generate salt cake. In a second stage,
salt cake and optional black dross can be heated in a reaction vessel (e.g., the same reaction
vessel or a different reaction vessel) to a second temperature sufficiently high to extract salt
as salt vapor and result in inert oxides. In some cases, the second temperature is at or above
approximately 1200 °C. In some cases, the second temperature is at or above the boiling
point of the salt (e.g., at or above approximately 1500 °C). The extracted salt can be reused in
the first stage for a subsequent treatment.

[0074] FIG. 9 is a schematic diagram depicting a single-vessel, two-stage process 900
for thermally treating dross according to certain aspects of the present disclosure. Process 900
can be the same as process 800, however specifically performed in a single vessel. In a first
stage, white dross can be heated within a reaction vessel, in combination with salt, to a first
temperature (e.g., at or approximately 800 °C) to extract metal and generate salt cake. In a

second stage, the salt cake within the reaction vessel can be further heated to a second
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temperature sufficiently high to extract salt as salt vapor and output salt-free oxides (e.g.,
1200 °C or greater). In some cases, the second temperature is at or above the boiling point of
the salt (e.g., at or above approximately 1500 °C). In some cases, black dross can be
optionally added to the reaction vessel between the first and second stages. The salt extracted
in the second stage can be reused in the first stage of a subsequent treatment.

[0075] The foregoing description of the embodiments, including illustrated
embodiments, has been presented only for the purpose of illustration and description and is
not intended to be exhaustive or limiting to the precise forms disclosed. Numerous
modifications, adaptations, and uses thereof will be apparent to those skilled in the art.

[0076] As used below, any reference to a series of examples is to be understood as a
reference to each of those examples disjunctively (e.g., “Examples 1-47 is to be understood as
“Examples 1, 2, 3, or 47).

[0077] Example 1 is a method for pre-treating dross, comprising: receiving dross
pieces; disintegrating the dross pieces into dross particles at or below 10 mm in diameter;
agglomerating the dross particles into pellets, wherein the pellets comprise channels when
heated to temperatures at or above 800 °C. In some cases, the pellets comprise channels when
heated to temperatures at or above 500 °C.

[0078] Example 2 is the method of example(s) 1, further comprising: mixing the
dross particles with an additive, wherein the additive is selected to oxidize or otherwise
decompose at temperatures at or below 800 °C, and wherein oxidization or decomposition of
the additive facilitates exposing the channels of the pellets.

[0079] Example 3 is the method of example(s) 2, wherein the additive comprises

post-consumer scrap or waste materials from other industries.
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[0080] Example 4 is the method of example(s) 1-3, further comprising extracting
metallic aluminum from the dross particles using an eddy current separator prior to
agglomerating the dross particles.

[0081] Example 5 is the method of example(s) 1-4, further comprising screening the
dross particles prior to agglomerating the dross particles, wherein screening comprises
removing oversized dross particles.

[0082] Example 6 is the method of example(s) 5, wherein removing oversized dross
particles comprises directing the oversized dross particles to be further disintegrated.

[0083] Example 7 is the method of example(s) 5, wherein removing oversized dross
particles comprises directing the oversized dross particles to thermal processing.

[0084] Example 8 is the method of example(s) 1-7, further comprising: mixing the
dross particles with a fuel additive, wherein the fuel additive is selected to facilitate fueling a
dross treatment reaction.

[0085] Example 9 is the method of example(s) 1-8, wherein each of the pellets has an
average diameter within the range of 5 mm to 50 mm.

[0086] Example 10 is the method of example(s) 1-9, wherein the dross pieces
comprise aluminum oxides and salt.

[0087] Example 11 is a method of treating metal recycling byproduct, comprising;
providing dross pellets, wherein each of the dross pellets comprises dross and an additive
selected to oxidize or decompose at a channel exposure temperature of at or below 800 °C,
and wherein the additive is positioned within the pellet to reveal channels in the pellet upon
oxidation; heating the dross pellets to a temperature at or above the channel exposure
temperature, oxidizing or decomposing the additive to expose the channels of each pellet,
wherein the channels of a pellet permit gas to enter and pass through the pellet; maintaining

the dross pellets at the temperature to perform thermal processing of the dross pellets. In
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some cases, heating the dross pellets can be to a temperature at or below 500 °C or at or
below 800 °C.

[0088] Example 12 is the method of example(s) 11, wherein performing thermal
processing comprises evaporating salt from the dross pellets.

[0089] Example 13 is the method of example(s) 11 or 12, wherein the additive
comprises post-consumer scrap or waste materials from other industries.

[0090] Example 14 is the method of example(s) 11-13, wherein the dross pellets
further comprise a fuel additive selected to facilitate fueling the thermal processing.

[0091] Example 15 is the method of example(s) 11-14, wherein each of the dross
pellets has an average diameter within the range of 5 mm to 50 mm.

[0092] Example 16 is the method of example(s) 11-15, further comprising removing
treated dross pellets after performing thermal processing of the dross pellets, wherein the
treated dross pellets have a carbon content that is at or less than 1% by weight.

[0093] Example 17 is a reconstituted metal recycling byproduct, comprising dross,
wherein the dross comprises aluminum oxides; and additive selected to oxidize or decompose
at temperature at or below 800 °C; wherein the dross and the additive are agglomerated
together into a pellet, and wherein the additive is located within the pellet such that one or
more channels through the pellet are exposed upon oxidation of the additive.

[0094] Example 18 is the reconstituted metal recycling byproduct of example(s) 17,
wherein the additive comprises post-consumer scrap or waste materials from other industries.
[0095] Example 19 is the reconstituted metal recycling byproduct of example(s) 17 or
18, wherein the dross of the pellet comprises agglomerated dross particles each having an

average diameter at or below 10 mm.
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[0096] Example 20 is the reconstituted metal recycling byproduct of example(s) 17-
19, further comprising a fuel additive, wherein the fuel additive is selected to facilitate
fueling a dross treatment reaction.

[0097] Example 21 is the reconstituted metal recycling byproduct of example(s) 17-
20, wherein each of the pellets has an average diameter within the range of 5 mm to 50 mm.
[0098] Example 22 is the reconstituted metal recycling byproduct of example(s) 17-
21, wherein the dross further comprises salt.

[0099] Example 23 is a method of extracting salt from metal recycling byproduct,
comprising: charging a vessel with dross comprising aluminum oxides and salt; heating the
dross to a temperature sufficiently high to evaporate the salt; maintaining the dross at the
temperature to permit evaporation of the salt as salt vapor; directing the salt vapor out of the
vessel through a gas outlet; and capturing the salt vapor.

[0100] Example 24 is the method of example(s) 23, wherein capturing the salt vapor
comprises condensing the salt vapor into solid or liquid salt.

[0101] Example 25 is the method of example(s) 23 or 24, wherein the salt comprises
NaCl and the temperature is at or approximately 1450 °C.

[0102] Example 26 is the method of example(s) 23-25, wherein the salt comprises
KCl and the temperature is at or approximately 1416 °C.

[0103] Example 27 is the method of example(s) 23-26, wherein the dross comprises
compounds selected from the group consisting of nitrides, carbides, sulfides, and phosphides;
and wherein maintaining the dross at the temperature further comprises maintaining the dross
at the temperature in an oxidizing environment.

[0104] Example 28 is the method of example(s) 23-27, wherein the dross comprises
residual carbon, and wherein heating the dross to the temperature comprises oxidizing the

residual carbon.
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[0105] Example 29 is the method of example(s) 23-28, wherein the dross comprises
residual metallic aluminum, and wherein heating the dross to the temperature comprises
oxidizing the residual metallic aluminum.

[0106] Example 30 is the method of example(s) 23-29, wherein maintaining the dross
at the temperature comprises maintaining the dross at the temperature until at least 95% of
the salt has evaporated.

[0107] Example 31 is the method of example(s) 23-30, further comprising: removing
treated dross from the vessel, wherein the vessel contains residual heat after removing the
treated dross; and charging the vessel with additional dross and treating the additional dross,
wherein treating the additional dross comprises using the residual heat in the vessel.

[0108] Example 32 is the method of example(s) 23-31, wherein maintaining the dross
at the temperature to permit evaporation of the salt further comprises detecting a
concentration of the salt vapor exiting the gas outlet and determining to stop maintaining the
dross at the temperature based on the detected concentration of the salt vapor.

[0109] Example 33 is the method of example(s) 32, wherein detecting the
concentration of the salt vapor comprises detecting an opacity of the salt vapor existing the
gas outlet.

[0110] Example 34 is a system for extracting salt from metal recycling byproducts,
comprising: a vessel for receiving dross comprising aluminum oxides and salt; a heat source
coupled to the vessel for heating the dross to a temperature sufficiently high to evaporate the
salt as salt vapor; a gas outlet coupled to the vessel for conveying gas and salt vapor from the
vessel, and a salt collector coupled to the gas outlet for collecting and condensing the salt

vapor.
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[0111] Example 35 is the system of example(s) 34, wherein the salt comprises NaCl
and wherein the heat source is suitable for heating the dross to temperatures at or above
approximately 14350 °C.

[0112] Example 36 is the system of example(s) 34 or 35, wherein the salt comprises
KCI and wherein the heat source is suitable for heating the dross to temperatures at or above
approximately 1416 °C. In some cases, the salt comprises both KCl and NaClL

[0113] Example 37 is the system of example(s) 34-36, wherein the vessel contains an
oxygen inlet for establishing an oxidizing environment, and wherein the dross comprises
compounds selected from the group consisting of nitrides, carbides, sulfides, and phosphides.

[0114] Example 38 is the system of example(s) 34-37, wherein the vessel contains an
oxygen inlet for establishing an oxidizing environment; wherein the dross comprises residual
carbon; and wherein the oxidizing environment is suitable for oxidizing the residual carbon to
facilitate heating the dross to the temperature.

[0115] Example 39 is the system of example(s) 34-38, wherein the vessel contains an
oxygen inlet for establishing an oxidizing environment; wherein the dross comprises residual
metallic aluminum; and wherein the oxidizing environment is suitable for oxidizing the
residual metallic aluminum to facilitate heating the dross to the temperature.

[0116] Example 40 is the system of example(s) 33-39, further comprising a sensor for
detecting a concentration of salt vapor exiting the gas outlet.

[0117] Example 41 is the system of example(s) 40, wherein the sensor comprises an
optical sensor for detecting an opacity of the salt vapor exiting the gas outlet.

[0118] Example 42 is the system of example(s) 34-41, wherein the heat source
comprises an oxy-fuel burner.

[0119] Example 43 is a method of processing metal recycling byproduct, comprising;

charging a vessel with white dross comprising aluminum oxides; introducing salt to the
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vessel; contacting the white dross with the salt at a first temperature to facilitate extraction of
metal from the white dross and generation of salt cake; heating the salt cake to a second
temperature sufficiently high to evaporate the salt, wherein the first temperature is lower than
the second temperature; maintaining the salt cake at the second temperature to permit
evaporation of the salt as salt vapor, wherein evaporation of the salt from the salt cake results
in inert oxides; discharging the inert oxides; collecting the salt vapor and condensing the salt
vapor into salt; and reusing the salt to generate subsequent salt cake by contacting the reused
salt with subsequent white dross.

[0120] Example 44 1s the method of example(s) 43, wherein contacting the white
dross with the salt at the first temperature and heating the salt cake to the second temperature
occurs in the vessel.

[0121] Example 45 1s the method of example(s) 44, wherein the vessel contains
residual heat after discharging the inert oxides and wherein generating the subsequent salt
cake comprises using the residual heat in the vessel.

[0122] Example 46 1s the method of example(s) 43-45, wherein the salt comprises
NaCl and the second temperature is at or above approximately 1450 °C.

[0123] Example 47 is the method of example(s) 43-46, wherein the salt comprises
KCl and the second temperature is at or above approximately 1416 °C.

[0124] Example 48 is the method of example(s) 43-47, wherein the white dross
comprises compounds selected from the group consisting of nitrides, carbides, sulfides, and
phosphides; and wherein maintaining the salt cake at the second temperature further
comprises maintaining the salt cake at the second temperature in an oxidizing environment.
[0125] Example 49 is the method of example(s) 43-48, wherein the salt cake
comprises residual metallic aluminum, and wherein heating the salt cake to the second

temperature comprises oxidizing the residual metallic aluminum.
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[0126] Example 50 is the method of example(s) 43-49, wherein maintaining the salt
cake at the second temperature comprises maintaining the salt cake at the second temperature
until at least 95% of the salt has evaporated.

[0127] Example 51 is the method of example(s) 43-50, wherein maintaining the salt
cake at the second temperature to permit evaporation of the salt further comprises detecting a
concentration of the salt vapor exiting the vessel and determining to stop maintaining the salt
cake at the second temperature based on the detected concentration of the salt vapor.

[0128] Example 52 is the method of example(s) 51, wherein detecting the
concentration of the salt vapor comprises detecting an opacity of the salt vapor.

[0129] Example 53 is the method of example(s) 43-51, further comprising reusing at
least a portion of the reused salt for a use other than generating subsequent salt cake.

[0130] Example 54 is the method of example(s) 53, wherein the use other than

generating subsequent salt cake comprises using the salt to facilitate melting of scrap metal.
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CLAIMS
What is claimed 1s:
1. A reconstituted metal recycling byproduct, comprising

dross, wherein the dross comprises aluminum oxides; and

additive selected to oxidize or decompose at temperature at or below 800 °C;

wherein the dross and the additive are agglomerated together into a pellet, and
wherein the additive is located within the pellet such that one or more channels through the

pellet are exposed upon oxidation of the additive.

2. The reconstituted metal recycling byproduct of claim 1, wherein the additive

comprises post-consumer scrap or waste materials from other industries.

3. The reconstituted metal recycling byproduct of claims 1 or 2, wherein the dross of the
pellet comprises agglomerated dross particles each having an average diameter at or below 10

mm.

4 The reconstituted metal recycling byproduct of any of claims 1 through 3, further
comprising a fuel additive, wherein the fuel additive is selected to facilitate fueling a dross

treatment reaction.

. The reconstituted metal recycling byproduct of any of claims 1 through 4, wherein

each of the pellets has an average diameter within a range of 5 mm to 50 mm.
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6. The reconstituted metal recycling byproduct of any of claims 1 through 5, wherein the
dross further comprises salt.
7. A method of treating the metal recycling byproduct of claim 1, comprising:

providing dross pellets, wherein each of the dross pellets comprises dross and an
additive selected to oxidize or decompose at a channel exposure temperature of at or below
800 °C, and wherein the additive is positioned within the pellet to reveal channels in the
pellet upon oxidation;

heating the dross pellets to a temperature at or above the channel exposure
temperature,

oxidizing or decomposing the additive to expose the channels of each pellet, wherein
the channels of a pellet permit gas to enter and pass through the pellet:

maintaining the dross pellets at the temperature to perform thermal processing of the

dross pellets.

8. The method of claim 7, wherein performing thermal processing comprises

evaporating salt from the dross pellets.

9. The method of claims 7 or 8, wherein the additive comprises post-consumer scrap or

waste materials from other industries.

10.  The method of any of claims 7 through 9, wherein the dross pellets further comprise a

fuel additive selected to facilitate fueling the thermal processing.
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11.  The method of any of claims 7 through 10, wherein each of the dross pellets has an

average diameter within a range of 5 mm to 50 mm.

12. The method of any of claims 7 through 11, further comprising removing treated dross
pellets after performing thermal processing of the dross pellets, wherein the treated dross

pellets have a carbon content that is at or less than 1% by weight.

13. A method for pre-treating the reconstituted metal recycling byproduct of claim 1,
comprising;
recelving dross pieces;
disintegrating the dross pieces into dross particles at or below 10 mm in diameter;
agglomerating the dross particles into pellets, wherein the pellets comprise channels

when heated to temperatures at or above 800 °C.

14, The method of claim 13, further comprising:
mixing the dross particles with an additive, wherein the additive is selected to oxidize
or otherwise decompose at temperatures at or below 800 °C, and wherein oxidization or

decomposition of the additive facilitates exposing the channels of the pellets.

15, The method of claim 14, wherein the additive comprises post-consumer scrap or

waste materials from other industries.

16.  The method of any of claims 13 through 15, further comprising extracting metallic

aluminum from the dross particles prior to agglomerating the dross particles.
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17.  The method of claim 16, wherein extracting the metallic aluminum from the dross

particles comprises using an eddy current separator.

18.  The method of any of claims 13 through 17, further comprising screening the dross
particles prior to agglomerating the dross particles, wherein screening comprises removing

oversized dross particles.

19.  The method of claim 18, wherein removing oversized dross particles comprises

directing the oversized dross particles to be further disintegrated.

20.  The method of any of claims 13 through 19, further comprising;
mixing the dross particles with a fuel additive, wherein the fuel additive is selected to

facilitate fueling a dross treatment reaction.

21.  The method of any of claims 13 through 20, wherein each of the pellets has an

average diameter within a range of 5 mm to 50 mm.

22, The method of any of claims 13 through 21, wherein the dross pieces comprise

aluminum oxides and salt.
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