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[57] ABSTRACT

A system for removing oil, water and other adulterants
from machine shop scrap cuttings. Scrap 1s inserted 1n
the upper end of an inclined tumbler barrel and passed
through a counterflowing stream of hot gases from a
burner located at the lower end. Oxygen is inserted into
the tumbler barrel at an intermediate position. The bar-
rel 1s lined with refractory inserts each having contigu-
ous connecting passages of different diameters. The
scrap is raised to a temperature near its melting point
and compacted into briquettes while remaining hot.
Excess fuel gas flow and combustion prevent the aspira-
tion of air into the barrel and thus prevent oxidation of
the metal part of the scrap. As an alternative, the scrap
can be melted as it flows from the tumbler barrel di-
rectly into a melting pot.

12 Claims, 5 Drawing Figures
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1
SCRAP RECLAMATION

Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to the reclamation of raw metal
from machine shop scrap and more particularly relates
to heating such scrap in a rotating tumbler barrel to
promote the oxidation and vaporization of water, oil
and other adulterants from machine shop cuttings.

In foundries and machine shops, metal cuttings are
produced during boring, milling, and other operations.
Water and various oils, which are used in performing
these operations, adhere to the scrap cuttings. The type
of scrap obtained from these operations is herein collec-
tively referred to as chips. The water, oil, and other
materials which adhere to the chips are collectively
referred to as adulterants. It is the broad purpose of my
invention to separate the adulterants from the chips and
to recover suitably pure metal for further processing
and reuse,

A known way of cleaning the adjulterants from the
chips is to heat the chips to a temperature which 1s
sufficient to vaporize some adulterants and promote the
oxidation of others. This has conveniently been done by
passing the chips through a rotating tumbler barrel
which is inclined somewhat to the horizontal. Chips are
fed into the upper end of the tumbler barrel and are
tumbled with the aid of gravity to the lower end of the
barrel. A burner s located at the lower end of the barrel
which passes hot gases over the chips and heats them.
Conventionally, after the heat has effected the neces-
sary vaporization and oxidation, the chips are cooled
unttl such time as they are to be melted and reused.

There are several problems and inefficiencies present
in the above system. Often they arise because designers
are forced to make trade-offs and compromises between
various design factors.

The first problem is the oxidation of the chip metal
itself. Although oxidation of the adulterants is desirable,
oxidation of the chips produces corrosive losses and
impedes melting. Designers of heretofore known sys-
tems have had two options. They could heat the chips in
an oxygen free atmosphere and thereby prevent chip
oxidation. Qbviously, this inhibits the desirable oxida-
tion of the adulterants. In the alternative, designers
could heat the chips in the presence of oxygen if the
chips were not heated unacceptably hot to a tempera-
ture at which they readily oxidize. For example, bronze
chips heated to 400° F. will not substantially oxidize
while at the same time adulterants will vaporize and
oxidize. However, it i1s clear that the production rate
could be greatly increased if a way were found to per-
mit heating of the chips to a temperature nearer their
melting point, which for some types of bronze is ap-
proximately 1,800° F., without producing significant
oxidation of the metal.

One solution, offered by MacDonald in U.S. Pat. No.
2,852,418 is to introduce the chips, the combustion fuel
and some excess air all into the tumbler barrel at its
upper end. These components must be properly propor-
tioned so that the oxygen in the air is consumed by
oxidation of the adulterants before the chip metal be-
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comes hot enough to substantially and readily oxidize.
This system unfortunately results in an inefficient and
costly use of fuel. As combustion gases and chips move
toward the lower outlet end of the barrel, the gases are
cooled and the chips are heated. The chips in this ineffi-
cient system are never elevated to the temperature of
the burner flame. The combustion gases are emitted 1into
the atmosphere from the lower end of the barrel when

they are at the same temperature as that to which the

chips are raised, thereby wasting a significant portion of
the heat capacity of the fuel.

If a counterflow principle were used in the MacDon-
ald system so that the chips entered the upper end of the
tumbler barrel and the fuel and excess air entered the
lower end, fuel use would be more efficient because the
combustion gases would leave the barrel from its upper
end at a lower temperature. However, the chips would
then be hottest and therefore most likely to oxidize
where the excess air was the most abundant; that is, at
the lower end where the air was introduced into the
barrel.

Another problem with the above described counter-
flow system is that, even if the excess air were not inten-
tionally introduced, air would be drawn into or aspi-
rated into the tumbler barrel where the stationary
burner abuts the rotating tumbler barrel.

Conventionally, cleaned chips, after being emitted
from the tumbler barrel, are cooled and stored in bins.
When stored as chips, substantial oxidation often occurs
because with a mass of chips a large surface area of
metal is exposed to air contact, The presence of oxide
on the chip surfaces tends to act as an insulator between
chips and inhibit melting of the chips. Even if the oxide
were not present, heat conduction through a mass of
chips is poor because of the small area of contact be-
tween chips and the large quantity of air between the
chips.

Finally, it is very inefficient to heat chips for cleaning
purposes, then cool them, and then reheat them in the
melting process.

It is therefore an object of my invention to provide an
improved method and apparatus for cleaning and pre-
paring scrap metal for reuse.

Another object of my invention is to permit in one
system the use of the efficient counterflow system of
heating chips in a tumbler barrel, the introduction of an
oxidizing agent into the barrel and the raising of the
chips to a temperature near their melting temperature in
the absence of oxygen.

Another object of my invention is to prevent the
aspiration of air into a tumbler barrel at the connection
of a burner to the barrel.

Another object of my invention is to eliminate the
oxidation of cleaned chips and to facilitate the subse-
quent melting of cleaned chips.

Another object of my invention is t0 use most effi-
ciently the heat capacity of the heating fuel.

Still another object of my invention is to provide a
tumbler barrel which has interior walls which uni-
formly distribute the tumbling chips within the gas
passing through the barrel.

Further objects and features of my invention will be
apparent from the following specification and claims
when considered in connection with the accompanying
drawings illustrating several embodiments of my inven-
tion.
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SUMMARY OF THE INVENTION

I have found that the preceding and other objects
may be attained by raising the temperature of adulter-
ated chips to a temperature in the range extending from
a temperature sufficient to vaporize and oxidize adulter-
ants to a temperature which is appreciably higher but
still below the melting point of the chip metal and then
either introducing the chips into a melting pot or com-
pacting the chips into briquettés. As used in the next
preceding sentence and hereinafter in this specification
and in the claims, “melting point of the chip metal” and
“melting temperature’ are defined as the start of melt-
ing of the chip metal. In other words, regardless of
composition of the chips, in referring to “melting tem-
perature” or “melting point,” Applicant is referring to
the temperature at which the first hquid is formed
within any metal particle thereof as its temperature
r1S€s.

Suitable apparatus for performing the above process
includes an inclined rotating tumbler barrel, a fluid fuel
burner at the lower end of the barrel, and either a
plunger and mating cylinder for compacting the chips
or a refractory container positioned beneath the lower
end of the barrel which heats the chips to the melting
point. It is helpful to introduce oxygen into the tumbler
at an intermediate position.

DESCRIPTION OF THE VIEWS

FIG. 1 1s a view in perspective of the preferred em-
bodiment of my invention.

FIG. 21s a view In vertical section of the embodiment
illustrated 1n FIG. 1 taken substantially along the line
2—2 of FIG. 1.

FIG. 3 is a view in vertical elevation of the end of the
tumbler barrel of the embodiment of FIG. 1 and FIG. 2
but showing a part of the tumbler barrel and the pre-
ferred compactor in a vertical section taken substan-
tially along the line 3—3 of FIG. 2.

FIG. 4 is a diagrammatic view illustrating preferred
embodiments of the process of my invention.

FIG. 3 is a view in vertical section illustrating an
alternative embodiment of my invention.

In describing the preferred embodiment of the inven-
tion illustrated in the drawings, specific terminology
will be resorted to for the sake of clarity. However, it is
not intended to be limited to the specific terms so se-
lected, 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.

DETAILED DESCRIPTION

FIGS. 1-3 show different views of the preferred
embodiments of my invention. The following descrip-
tion and reference numerals refer to all three figures. I
first describe the apparatus generally and subsequently
in more detail.

A rotatable tumbler barrel 10 is shown through
which the chips pass as they are heated. The chips are
heated by gases from a burner 12 positioned at the
lower end 14 of the barrel 10. The burner 12 is aligned
with but formed separately from the tumbler barrel 10.
It does not rotate with the rotation of the barrel 10. A
fuel mixture is fed into the burner by a pipe 13. The
barre]l 10 is inclined to the horizontal to facilitate pas-
sage of chips from its higher end 16 to its lower end 14.

The barrel 10 is rotatably driven by a suitably geared
electric motor 20, a sprocket wheel 22 fixed to the
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motor shaft, a drive chain 24 and a sprocket wheel 26
welded to the tumbler barrel 10. The barrel 10 is sup-
ported by six rollers which are rotatably mounted to a
support frame 23. Two rollers 25 and 27 and two sym-
metricaly positioned rollers (not shown) seat against the
underside of the tumbler barrel 10 and support it. An
annular flange 31 is welded to the barrel 10 and seats
against another pair of rollers 28 and 29. The rollers 28
and 29, together with the annular flange 31 prevent the
barrel 10 from slipping down its incline during rotation.

The burner 12 has an opening in its underside and has
a hopper 30 fixed to and aligned with the opening.
Cleaned chips may fall into and collect in the hopper
after passage through the barrel 10. A platform 32 seal-
ingly and slidably engages the otherwise open bottom
of the hopper 30.

A compactor is provided to compress and compact
the cleaned chips to form a briquette. The compactor
comprises a plunger 34, driven by a pneumatic cylinder
36, and a mating compacting cylinder 38 into which
chips are dumped and then compacted. The hydraulic
cylinder 36 is supported above the compacting cylinder
38 by an inverted U-shaped support 37 which is shown
in phantom.

The details of the tumbler barrel 10 are shown in
FIG. 2. The barrel 10 comprises a tubular metal shell 15
which contains a series of identical ceramic inserts such
as the insert 50. The inserts snugly fit within the barrel
10 and are positioned end-to-end in order to form a
continuous, ceramic lined passageway through the bar-
rel 10.

Each ceramic insert is formed with a plurality of
cylindrical contiguous, connecting passages. For exam-
ple, the insert 50 has a largest cylindrical passage 51, an
intermediate cylindrical passage 52, and a smallest cy-
lindrical passage 53. I prefer that these three passages
51, 52, and 53 be co-axial. A fourth passage 54 is pro-
vided which can be of any suitable shape but is prefera-
bly off center. The inserts are positioned in the barrel so
that their off center passages are misaligned. This pro-
vides a somewhat tortuous path through the interior of
the barrel. The purpose of the tortuous path is to create
resistance to the flow of hot gases through the barrel 10
and to increase the turbulence of the gases and thereby
improve the heat transfer to the chips. Those inserts at
the upper chip receivag end 16 of the barrel 10 are
positioned with their largest internal passage nearest the
upper end 16 of the barrel. The remaining inserts have
their largest passage nearest the lower end. The purpose
of this alignment is to facilitate the receipt of chips at
the upper end while compensating for the cntraction of
the hot gases at the lower end as the gases move up-
wardly and cool. |

The reason that each insert has passages of different
diameters 1s to more evenly distribute the chips within
the gas flowing through the barrel 10. This distribution
18 accomplished because the centrifugal force exerted
by a particle, during rotation of the barrel 10, is propor-
tional to the radius of its circular path. As the barrel
rotates, a chip particle will fall through the hot gases
when the vertical component of the centrifugal force is
exceeded by the force of gravity on the chip. Different
diameters produce different centrifugal forces and
therefore different angular positions at which the chips
fall from the interior wall of the barrel.

As an equivalent alternative, the inserts might have
internal walls which continuously vary rather than vary
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in steps. For example, the interior walls might have a
frusto-conical configuration.

A tube 60 extends into the upper end 16 of the barrel
10 and is provided for inserting an oxidizing agent into
the barrel 10 at a position intermediate the ends of the
barrel 10. For example, oxygen can be sprayed from an
orifice 62 at the inside end of the tube 60. Its operation
1S explained below.

The preferred burner 12 is simply a ceramic lined
burner tube supplied with a fuel mixture, preferably a
hydrocarbon fluid, through a pipe 13. However, a rect-

angular segment has been removed from the bottom of

the burner tube to provide an exit means for removing
chips from the barrel. The exit means includes a hopper
30 which is a container for receiving, through the open
bottom of the burner tube, chips which have passed
through the barrel 10. The hopper 30 1s connected to
the burner 12 so that it will collect the chips and will
store them in an oxygen free atmosphere. As explained
more fully below, the burner 12 is operated so that the
gas pressure in the burner 12 and at the lower end 14 of
the barrel 10 is greater than atmospheric pressure. This
assures that no atmospheric oxygen can enter the
hopper 30.

The hopper 30 has an open bottom which is closed by
a platform 32 which conforms to the open bottom of the
hopper 30 and thereby sealingly engages it. The plat-
form 32 seals the bottom of the hopper 30 so that chips
may collect in the hopper 30, but the platform can be
slidingly moved to release the chips into the compact-
ing cylinder 38 to which it is attached. The compacting
cylinder 38 which I prefer, is a square steel box with an
open bottom and an open top. I prefer that the box have
a slight taper enlarging toward the bottom to facilitate
briquette removal. The compacting cylinder 38 is slid-
able along a table 40 which conforms to the bottom of
the compacting cylinder 38 and thereby sealingly en-
gages it. A flange 46 is provided around the bottom
edge of the compacting cylinder 38. The flange 46 rides
along track members 47 and 48 as it 1s slid along the tube
40 by a pneumatic cylinder 42. Of course hydraulic
cylinders, magnetic solenoid systems, or a mechanical
system could be substituted for the pneumatic cylinders
used herein.

By the force of the pneumatic cylinder 42, which i1s
mounted to a plate 43, the compacting cylinder 38 can
be slid along the table, the platform 32 moving with it to
maintain its sealing relationship with the bottom of the
hopper, until the compacting cylinder 38 moves be-

neath the hopper 30. When this occurs, the charge of 50

chips in the hopper 30 falls into the compacting cylinder
38 and the compacting cylinder 38 is then returned to its
original position by the pneumatic cylinder 42. The
position of the compacting cylinder 38 for receiving
chips from the hopper 30 s illustrated in phantom 1in
FIG. 3 at 38a.

The table 40 is provided with a removable panel 41
which can be withdrawn from beneath the compacting
cylinder 38 by a pneumatic cylinder 44 mounted to the
plate 43. This permits ejection of a briquette from the
compacting cylinder 38 by the plunger 34. The table is
supported by a suitable frame.

It should be noted that I use the term cylinder in the
mathematical sense when describing the compacting
cylinder 38. That s, a cylinder is a body having an
internal surface generated by a straight line called a
generatrix moved around a polygon while maintained
parallel to another straight line. Thus, a circular, square,
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octagonal, etc. cylinder could be used with a mating
plunger to compact the hot chips.

The operation of the above described apparatus 18
preferably in conformity with my method illustrated in
FIG. 4. In describing the operation, reference is made to
FIGS. 1-4.

Adulterated chips, at room temperature, are fed into
the upper end 16 of the tumbler barrel 10 while the
barrel is rotated for example, at 90 r.p.m. Although
various continuous feed systems are available, I prefer
an augur feed.

During rotation of the barrel 10 the chips work their
way toward its lower end 14. Hot gases from the burner
12 flow from the lower end 14 to the upper end 16. Fuel
combustion occurs partly in the burner and partly in the
lower portion 14 of the barrel 10.

Since the lower end 14 of the barrel 10 is at a temper-
ature near the melting point of the chips (e.g. 1,600° F.
for some types of bronze chips) and therefore the chips
at that temperature would readily oxidize, it 1s impor-
tant to prevent the entry of air into the lower end of the
barrel. This might normally occur by aspiration
through the space between the barrel 10 and the burner
12 and because of the updraft through the barrel. To
prevent such entry of air, I introduce the fuel mixture
into the barrel 10 at a rate which provides sufficient gas
expansion to cause emission of combustion products
from any openings near the lower end 14 of the barrel
10. The barrel 10, especially when provided with the
inserts I have described, offers significant resistance to
the flow of gases along the barrel. The result is a pres-
sure in the barrel near the lower end which 1s greater
than the atmospheric pressure. Thus, excess hot gases
continuously escape from the lower end of the barrel
and thereby prevent entry of air.

As the hot gases move toward the upper end 16 of the
barrel they lose heat to the counterflowing chips. Thus
a temperature gradient exists through the barrel. At
some point along the barrel length (i.e. along the tem-
perature gradient) the chips will have a temperature
equal to the maximum temperature at which they will
not readily oxidize. For example, for some bronze chips
this temperature may be 400° F. Of course, the gas
temperature will be higher than the chip temperature at
this point. In fact, because a temperature gradient exists
from the gas to the center of each chip so long as heat
is being transferred to each chip, the surface contami-
nants will be at a temperature between the gas tempera-
ture and the chip temperature. It 1s at this maximum
temperature at which the chips won’t radily oxidize that
an oxidizing agent, such as air or oxygen, is emitted into
the tumbler barrel by tube 60. Such an agent will be

swept upwardly in the barrel with the hot and/or burn-
ing gases and across those chips which are at or below

400° F. None of the oxidizing agent will contact the
hotter chips which are further down the barrel and
might readily oxidize. The nozzle 62 shown in FIG. 2 1s
positioned at this point in the temperature gradient.
Most of the adulterants are removed in this section of
the barrel. Adulterants not removed in the oxidizing
agent section of the barrel are removed as the chips
progress to the lower end 14 of the barrel.

The cleaned chips are collected in the hopper 30 as
they fall out of the lower end 14 of the barrel 10. The
chips are dumped from the hopper 30 into the compact-
ing cylinder 38 while they are still at or near the temper-
ature to which the barrel raised them. While still retain-
ing this heat, they are compressed and compacted into
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briquettes. A denser briquette 1s formed with less im-
pact energy, by compacting the chips while they are at
such a temperature, then can vbe formed at conven-
tional low temperatures.

The mechanical movements involved in compacting
are illustrated in FIG. 3. The chips collect in the hopper
30 which has its bottom sealed, during this collection,
by the platform 32. After a suitable time period or when
the hopper 30 is sufficiently full, the compacting cylin-
der 38 is slid along the table 40 by its pneumatic cylinder
42 to the position 38a shown in phantom 1n FIG. 3. The
platform 32 is thereby slid away from the bottom of the
hopper 30 and a charge of chips falls into the compact-
ing cylinder 38. The pneumatic cylinder 42 then returns
the compacting cylinder 38 to its original position.

The plunger 34 is forced into the compacting cylin-
der 38 by its pneumatic cylinder 36 to approximately
the position 34a to thereby compress the chips, for ex-
ample, to one tenth their original volume. The plunger
34 may be reciprocated to hammer the chips into a
briquette. The force of cylinder 36 is then relieved, the
removable panel 41 1s removed from the bottom of the
compacting cylinder 38 and the briquette is ejected by
forcing the plunger 34 to the position 34b. The plunger
1s then returned to its original position and and new
cycle may be begun.

Each of these operations could of course be manually
controlled. I prefer, however, to use a control circuit
based upon a timer. Each of the above described opera-
tions occurs in a time sequence. Sensing switches are
provided to sense the position of the various parts dur-
ing the timing sequence and to prevent a subsequent
operation until the previous one is completed. For ex-
ample, a sensing switch may be provided to sense the
return of the compacting cylinder 38 to its original
position. The plunger 34 would be rendered inoperable
unless this sensing switch indicates that the compacting
cylinder 38 1s properly positioned. A sensing switch 59
1s illustrated which indicates the positioning of the com-
pacting cylinder 38 beneath the hopper 30.

As illustrated 1n FIG. 4, the compacted briquettes
might be stored and cooled for eventual future use.
Preferably, however, they would be melted immedi-
ately in a suitable melting pot 70. From the melting pot,
the metal would be conventionally treated, for example,
by being cast into an ingot in a mold 72.

FIG. 4 shows an alternate path 74 indicating that the
hot chips can be taken directly from the tumbler barrel
10 to the melting pot 70. In FIG. § I illustrate somewhat
diagrammatically an alternative embodiment of my
invention for accomplishing this.

In FIG. 5, a tumbler barrel 80 is provided which 1s
constructed, supported and driven similarly to the tum-
bler barrel illustrated in FIG. 1. The barrel 80 fits partly
within a conforming portion of a refractory (81) lined
melting pot 82. An annular flange 84 seats against the
pot 82 to reduce heat loss. The melting pot 82 1s pro-
vided with a plurality of burner tubes 86, 87 and 88
extending through the walls and each having a fuel
supply conduit. The burner tube 86 is positioned to
provide primarily heat for passage up through the bar-
rel 80. As the chips fall from the barrel 80, burner 87 and
88 raise their temperature the additional amount neces-
sary to melt them. For example, the barrel might raise
some types of bronze chips to 1,600° F. during cleaning.
The burners 87 and 88 would raise them an additional
200° F. to a melting point of 1,800° F. A suitable closure
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89 is provided to permit release of the melt 90 from the
pot 82.

It is to be understood that while the detailed drawings
and specific examples given describe preferred embodi-
ments of my invention, they are for the purposes of
illustration only, that the apparatus of the invention is
not limited to the precise details and conditions dis-
closed and that various changes may be made therein
without departing from the spirit of the invention which
is defined by the following claims.

I claim:

1. An apparatus for reclaiming metal from adulter-
ated metal chips by removing surface adhering adulter-
ants from the chips, the apparatus comprising:

a. an inclined tumbler barrel rotatably mounted to a

frame and having its lower end open;

b. means for rotatably driving the barrel;

c. heating means for heating and injecting gas into the
lower end of the barrel.

d. exit means at the lower end of the barrel for remov-
ing hot chips from the barrel comprising a non-rota-
table cylindrical tube, having an opening in its under
side, and aligned with the open lower end of the tum-
bler barrel and an open-ended hopper aligned with the
opening in the under side of the cylindrical tube; and

e. means comprising a [plunger and a] moveable
mating compacting [ cylinder, for compacting said
hot chips and positioned to] box having an open top
and at times movable into alignment with the lower
open end of said hopper and so become positioned to
receive the hot chips from the exit means;

wherein adulterated chips may be inserted in the
upper end of the barrel while being drivingly ro-
tated, hot gas may be passed from the lower end of
the barrel to and out the higher end, and hot metal
chips relatively free of surface adhering adulterants
may be withdrawn through the exit means; and

wherein a removable bottom panel i1s provided to
close the bottom of the compacting [cylinder]
box, an open top is provided to receive chips, and
the plunger is provided with drive means for linear
axial movement of the plunger into the [cylinder]
box, wherein chips may be inserted in the [cylin-
der} box, compressed between the plunger and the
bottom panel, and ejected from the cylinder by
removal of the bottom panel and movement of the
plunger.

2. An apparatus according to claim 1, wherein

a. the exit means comprises a hopper for receiving
chips from the barrel, the hopper being provided
with an open bottom;

b. a table is provided which the cylinder sealingly and
slidably engages to close its bottom end; and

c. a platform is fixed to and extends from the top edge
of the cylinder and is sealingly slidably engageable
with the bottom of the hopper;

wherein the cylinder is alternatively positionable (1)
with said platform sealingly engaging the bottom
of the hopper and the bottom of cylinder closed by
said table, (2) with the bottom of the cylinder seal-
ingly engaged by the table and the cylinder beneath
the bottom opening of the hopper for receiving
chips therefrom; and (3) with said platform seal-
ingly engaging the bottom of the hopper and the

table removed from engagement with the bottom
of the cylinder.
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3. An apparatus according to claim 2, wherein the

table has a removable panel for opening the bottom of

the cylinder.

4. An apparatus according to claim 3 wherein the
table, the platform and the open bottom of the hopper
are planar and parallel.

3. An apparatus according to claim 3, wherein

the barrel s ined with a plurality of refractory inserts
each insert comprising a solid body having an exte-
rior formed to snugly fit within the tumbler barrel
and each insert having a passageway therethrough
comprising cylindrical contiguous, connecting pas-
sages of different diameters and wherein the heat-
Ing means Comprises:

a. a source of fuel under pressure,

b. means for supplying fuel to the burner at a rate
which causes gas to be emitted from the space
between the burner and the barrel and prevents
the aspiration of air through said space, the
means comprising

a gas burner positioned at the lower end of the barrel
and spaced therefrom, the burner having a suffi-
ciently large nozzle orifice.

6. An apparatus according to claim 5, wherein con-
duit means, for inserting an oxidizing agent into the
barrel at a position intermediate its ends, i1s provided,
said conduit means extending into one end of the barrel,
having an outlet orifice within the barrel and there is
also provided means external of the barrel for connec-
tion to a supply of said agent.

[7. An apparatus for reclaiming metal from adulter-
ated metal chips by removing surface adhering adulter-
ants from the chips, the apparatus comprising:

a. an inclined tumbler barrel rotatably mounted to a

frame;

b. means for rotatably driving the barrel;

c. heating means for heating and injecting gas into the
lower end of the barrel;

d. exit means at the lower end of the barrel for remov-
ing hot chips from the barrel; and

e. means in addition to and separate from said heating
means for inserting an oxidizing agent into the
barre] at a position intermediate its ends

wherein adulterared chips may be inserted in the
upper end of the barrel while being dnvingly ro-
tated, hot gas may be passed from the lower end of
the barrel to and out the higher end, and hot metal
chips relatively free of surface adhering adulterants
may be withdrawn through the exit means.}

I 8. An apparatus according to claim 7 wherein said
oxidizing agent inserting means comprises a tube en-
tirely separate from any burner tube extending into one
end of the barrel, the tube having an outlet orifice
within the barrel and having means external to the bar-
rel for connection solely to a supply of said oxidizing
agent. ]}

[9. An apparatus for reclaiming metal from adulter-
ated metal chips by removing surface adhering adulter-
ants from the chips, the apparatus comprising:

a. an inclined tumbler barrel rotatably mounted to a
frame and lined with a plurality of generally cylin-
drical refractory inserts;

b. means for rotatably driving the barrel;
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c. heating means for heating and injecting gas into the
lower end of the barrel; and

d. exit means at the lower end of the barrel for remov-
ing hot chips from the barrel;

wherein adulterated chips may be inserted in the
upper end of the barrel while being drivingly ro-
tated, hot gas may be passed from the lower end of
the barrel to and out the higher end, and hot metal
chips relatively free of surface adhering adulterants
may be withdrawn through the exit means.}

10. An apparatus [according to claim 9] for reclaim-

ing metal from adulterated metal chips by removing sur-

face adhering adulterants from the chips, the apparatus

comprising:

a. an inclined tumbler barrel rotatably mounted to a
frame and lined with a plurality fo generally cylindri-
cal refractory inserts;

b. means for rotatably driving the barrel,

c. heating means for heating and injecting gas into the
lower end of the barrel; and

d. exit means at the lower end of the barrel for removing
hot chips from the barrel;

wherein adulterated chips may be inserted in the upper
end of the barrel while being drivingly rotated, hot gas
may be passed from the lower end of the barrel to and
out the higher end, and hot metal chips relatively free
of surface adhering adulterants may be withdrawn
through the exit means, wherein each of the inserts
comprises a solid body having an exterior formed
to snugly fit within the tumbler barrel and having a
passageway therethrough comprising a plurality of
contiguous connecting passages, the passages being
of different diameters.

11. An apparatus according to claim 10 wherein sev-
eral of said inserts are each additionally provided with
an off center passage communicating with the cylindri-
cal passages, the off center passages of the inserts being
misaligned to provide a tortuous path through the tum-
bler barrel.

12. An apparatus according to claim 10, wherein each
of the passages is cylindrical and is coaxial with the
barrel axis.

13. A rotatable tumbler barrel having an intertor for
improved distribution of a solid matenal, flowing
through the barrel within an envelope consisting of a
counterflow of hot gaseous combustion products flow-
ing through the barrel, the improvement which com-
prises:

an interior wall formed by a plurality of ceramic
inserts forming a passageway through the barrel,
the passageway comprising a multiplicity of ad-
joining passages, the passages being of different
diameters and the ceramic inserts each having a
plurality of cylindrical interior surfaces, one cylin-
drical surface of each insert having a different di-
ameter from another cylindrical surface of said
insert.

14. A barrel according to claim 13, wherein the pas-
sages are cylindrical, contiguous, and connecting, and
form a continuous although irregular passageway
through the barrel.

15. A barrel according to claim 14, wherein the pas-
sages are co-axial, whereby the solid material drops
from one diameter to another during its progress

through the tumbler barrel.
* % ¥ * ¥
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