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Serial No. 515,538.

To all whom ¢ may concern:

Be it known that I, Cirarnes S. Braprey,
n citizen of the United States, residing in
New York, borough of Manhattan, Slate
of New York, have invented new and use-
ful Improyements in Mcthods of Amphi-
dizing; and in order that those skille(ll in
the art may understand and practise my
invention I give the following specification,
reference being had to the accompanying
drawings.

My invention relates to the treatment of
ores and more particularly to the treatment
of copper ores to convert the copper into
solublle form so that it may be (lissol\'cd
and thus readily separated from the gangue.
In the preferred embodiment of my inven-
tion the copper contents are converted into
copper sulfate. An amphigen being an ele-
ment which combines with netals to form
cither an acid. or a base, as for example
oxygen, and an amphid being n salt of an
peid and a base each of which contains an
amphigen, as for example copper sulfate
(CuO+80,), I designate the apparatus
which forms the amphid as the *“amphi-
dizer” and the act of producing the amphid
ns “amphidizing.”

As an example of the kind of ore to
which my invention can be advantageously
applied, T may refer to the following sam-
p‘es which show annlyses of ore from
prominent mines in this country.

11, C.
Moisturo .. 1.97 Molsture .. %81
BlIO1couenns B 07 HI0g ..vee.. 02
Cu. ..M fa ...
1" ¢10: 6.20
TeO 4.41
Terd O
Al 18,06
CnO . .20
MxO. 14
POy . .8
TIOs . .82
NayO Bt
Clicveov.s Traco, KsO. 2.81
| I P, Noue, F... L0l
CO: 18
Cl.. Trace.
8n0 Traco.
Bulfur..... 2,12

It will be observed that ench of these ores
has a content of sulfur which under proper
treatment will be sufficient for amphidizing
all of the copper, as in the formation of
copper sulfate, 64 1bs. of copper are united
with 32 1bs. of sulfur plus the required
amount of oxygen. It thus appears that
such ores contain all the material necessary
for their own amphidizing, with the excep-
tion of oxygen which may be obtained from

the air, and as air is always present this
need not be considered. To il&ustrute my
invention 1 shall describe the same with
reference to the treatment of these ores, it
being understood, however, that it may just
as well be applied to ores which require
the addition of outside acid to effect the
amphidizing. ,

It has already been proposed to convert
the copper contents into soluble form such
as the sulfate and subsequently dissolve the
sulfate and separate the solution from the
gangue, but so far as T am aware this treat-
ment has met with little or no success in
connnercial practice.
frequently has such u low copper content
that great quantities of ore refatively to
the copper obtained must be worked. It is
therefore obvious that the commercial suc-
cess of the plant, especially in such cases,
demands the ability to handle large quanti-
ties of ore in a given time. With this end
in view I have designed the apparatus and
method so that there need be no idle period
between separate charges and discharges but
the action is a continuous one, the crushed
ore passing continuously into the apparatus
where the copper is continuously nmp\xidized
and the amphidized copper and remaining
parts of the ore ave continuously discharged.
Such an apparatus is illustrated in the ac-
companying drawings in which—

Figure 1 is a side clevation of the am-
phidizer. TFig. 2 is n dingram of its ro-
tnry support.  Ifig. 3 is a vertical longi-
tudinal section of the feed and discharge
portions thercof. Iig, 4 is a fragmentary
vertical Jongitudinal section through the
reaction portion of the nmphidizer. Fig. 5
is an clevation of one of the units employed,
and Fig. 6 is n sectional view of the reac-

tion portion of the amphidizer taken on the
line VI—VI of Fig. 5. Fig. 7 is n view in

elevation showing the face of a portion of
a header unit hereinafter deseribed.
Referring now more specifically to said
drawings, 10 indieates n hopper into which
the suitably erushed ore may be fed. The
hopper 10 delivers the ove through the in-
{nke 11 of u stationary ore duct 12 which is
suitably secnved as by underneath inturned
flanges 13 upon a support 4. A worm 15,
secured upon tubular shaft 16 driven by
sprocket wheel 17 or other suitable means
and having its outer end disposed in thrust

The are to be treated
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bearing 18, operates within the ore duct 12
to advance the crushed ore to the dischakge
end thereof. Surrounding the ore duct 12
18 an air duct 19 which is secured at its outer
end by annular flange 21 to the inner face
of intake 11 of the ore duct 12 and receives
air through air inlet 22 and ledds it toward
the reaction portion of the apparatus.which
will now be goescl-ibed. '

The reaction portion of the -amphidizer,
as shown in Figs. 1, 2 and 3, is in the form
of a ‘drum rotatably mounted upon rollers

* 23 mounted suitably upon shafts 24 jour-

15

20

naled in bearing blocks 25, one or both of
which shafts may be driven as by sprocket
wheel 26. The rotary or reaction portion is
connected with the feed portion by a flar-
ing union 27 which fits over the inner end of
the feed portion of the apparatus and has
an annular flange 28 between which and the

~ air duct 19 a packing 29 is confined by a
- gland 30.- It is thus apparent that the union

" . provides the support for the. inner end of
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the air:duct 19 and has gas tight connection
therewith. "When the crushed ore reaches
the rotary reaction portion of the amphi-
dizer it advances through one system of
passages and returns through another. This
1s accomplished by subdividing the reaction
space transversely into a number of reac-
tion chambers, the alternate reaction cham-
bers being connected by bridging passages
inclined so that the crushed ore agvanc% by
the action of gravity as the drum rotates,
whereas the intermediate reaction chambers
are connected by bridging passages inclined
the other way so that tﬁe.crus ed ore. re-
turns by the action of gravity ag the drum
rotates. I prefer to provide this arrange-
ment by a unit construction. These units
are of two types, one type comprising the
ore conducting passages and hereinafter re-
ferred to as conducting units, and the other
forming headers between adjacent conduct-
ing units and hereinafter referred to as

"header units.

Referring now to Fig. 3 of the drawings,
it will be seen that a special unit or sec-
tion having a header portion 81 provided
with an annular series of perforations 81+,
2 conical wall 32 and a shouldered annular
flange 33 is provided. . The annular flange
83 supports the inner end of a discharge
flue 34 from the heating passage hereinafter
described. The inner end of discharge flue

. 84.in turn supports the inner end of tubular
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worm shaft 16 and has its outer end sup-

rted in the thrust bearing 18 already re-

.ferred to. The space between the comical

wall 32 and the union 27 constitutes an ore
chamber which receives the crushed ore
from the feed device and from which the ore
passes through perforations 31* into a
special conducting and discharge unit. This
special unit comprises inner and outer cy-

1,053,793

lindrical walls 35 and 36, respectively, with
rim flanges 37 and 38 respectively, and a
partition wall 89. The ore to be amphi-
dized enters through perforations 31* into
the space at one side of partition 39, and

‘the amphidized ore is discharged through a

peripheral series of perforations 40 from
the space at the other side of the partition
39 into a chute 41. "The special unit just
described has also the function of a conduct-
Ing unit with respect to advancing the ore
and is provided with the advancing pas-
sages but lacks the return conducting pas-
sages. The advancing passages do not ap-
gear in the sectional view shown in Fig. 3
ut will be seen in Figs. 4, 5 and 6, and
understood from the description with ref-
erence to these figures. )

In Figs. 4, 5 and 6 it will be seen that the
conducting units ‘comprise inner and outer
cylindrical walls 42 and 43 respectively with
rim flanges 44 and 45 respectively, partitiop
wall 46, radial agitating and heat distrib-
uting ribs 47, conducting passages 48- for
advancing the ore and conducting passages
49 for returning the ore. The header units
are disposed between the conducting units
and each comprises the annular header por-
tion 50, a series of ports 51 for the advanc-
ing ore, ports 52 for the returning ore, an-
nular shoulders 53 and 54 and radial agitat-
ing and heat distributing ribs 55. The ef-
fect of the ribs 55 is to turn the ore over
and over and thoroughly agitate it during
the rotation of the drum, and by reason of
their exposure to the heated ore In one side,

to conduct the heat therefrom into the ore

at the other side which is at a slightly lower
temperature, whereby the equalizing or re-

neration of the heat is aided. The cham-
%:ts in which the ore is advancing are to
the left of the headers and those in which
the ore is returning are to the right of the
headers. The conducting passages are in-
clined accordingly. Those for advancing
the ore are shown in the lower portion of
Fig. 6, and. those for returning the ore are
shown in the upper portion of this ﬁiure.
The ‘advance conducting passages 48 have
their intake ports 56 open to one advance
chamber, extend throtigh the return cham-
ber to the left (to which they are closed)

and discharge through their discharge ports

57 and the advance ports 51 of the header
into the next advance chamber to the left.
The return conduéting passages 49 have
their intake ports 58 open to ons return
chamber, extend through the advahce cham-
ber to the right (to which they are closed)
and discharge through their discharge ports

| 59.and the return ports 52 of the header unit

into the next return space at the right. The
ore thus advanees from right to left and re-
turns from left to right. At the end of the
series of units described, I provide a spe-
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<cial unit for reversing the direction of travel
of the ore. This ore reversal unit is shown

at the left hand portion of Fig. 6, and is

similar in principle to the conducting units,
but has advance passages 60 which open into
the space to the left of its partition wall 61

_instead of passing through 1t as in the other

conducting units. An end-header 62 closes

~ this chamber, and the return passages 63

10

15

20

similar to those already described start the
ore upon its return through the -amphidizer.
In assembling' the units, the outer Tim
flanges 45 of the conducting units and the
outer peripheries of the header units are
bolted” together, or otherwise suitably
united, the inner rim flanges 44 of the con-
ducting units engaging within the annular
shoulders 53 of the header units, and the
agitating ribs in staggered relation ir each

chamber. In this condition the inner cylin-.

" arical walls 42 of the conducting units and
- the inner edges of the header units provide

26

30

35

40

45

50

b5

60

65

a continuous passageway 64 for supplying
heat to the ore. Any suitable source of heat
may be employed, as represented by the
burner 65, the heat passing through the
heating passage 64 supplies heat to'the' sur-
rounding crushed ore, and the outlet of the
passage is through the discharge flue 34
hereinbefore referred to. ,

In operation, the crushed ore is placed
into the hopper 10, from which it is fed by
worm. 15 an(f ore duct 11 into the union 27,
from which it is conducted from right to
left through the rotary drum composed of
the units described and returned from left
to right to-be discharged through discharge
peint 40 into the chute 41. By having the
agitating ribs in staggered relation the pas-
sage of the ore is less obstructed and at the
same time the ore is tumbled back and forth
from one side to the other. Heat being sup-
plied when needed through the heating pas-
sage 64, the ore coming in is heated,con-

tinuously and in a regenerative manner due

to the fact that the returning amphidized
ore passes the incoming ore and transfers a

portion of its heat thereto. This regenera- |

tive feature results not only in retaining to
a large extent the heat in the amphidizer,
as the incoming ore is at a much lower tem-
perature and extracts the heat which is pres-
ent in the amphidized ore before the latter
is discharged, but at the same time keeps the
heat evenly distributed throughout the en-
tire mass of ore so that sudden rises in tem-
perature are avoided, ,

The regenerative feature of the system
is important, not only in the saving of
fuel and attendance, but for the greater

reason that the distribution of the heat

of reaction to the continually incoming
mass of ore, restrains the reaction to the
sulfating temperature. In a furnace for
the treatment. of substances requiring defi-

nite temperatures for chemical reactions
it is very important, in order to reduce the
attendance, that the furnace and contents
should be slow to depart from the definite
temperature. If the ratio of added heat
necessary to maintain the reaction is small
relatively to the contained heat of the ap-

paratus, it -is evident that fluctuations of

temperature will be slow. If we heat a body
of ore to 1000 degrees without regeneration,
it is evident that the heat umts added are
five times the amount that would be neces-
sary where regeneration was so effective
that the ore was discharged within 200 de-
grees of the temperature at which. it entered

the apparatus, and in the  former case .

changes of temperature would occur, roughly
speaking, with five times the rapidity of the
latter condition. In. actual practice with
the amphidizer herein described, it has been

found that with the addition only of heat

units necessary ‘to make up for loss in radi-

“ation, and in' the discharged ore, the heat

of reaction is kept steadily at the sulfating
temperature, the treated ore discharged at
a temperatyure about 200 degrees above that
of the entering ore and the operation is so
nearly self governing as to require only
occasional inspection by an attendant.

In the apparatus described, it is apparent

that great quantities of ore can be handled
efficiently due_ to the continuous operation
and ‘the thorough agitation of the ore in-
sured by the tumbling motion. -

The chemical action which goes on within
the amphidizer will vary- according to the
ore.treated. In the case of forming the
sulfate of copper from ores containing suffi-
cient sulfur for this purpose, air is drawn
into the apparatus through the air dpct de-

scribed and the copper which is oxidized

unites with the oxidized sulfur, the tempera-

ture being maintained between that at which .

the iron sulfate dissociates'and the dissocia-
tion temperature of the copper sulfate, or
preferably at about 550° C. Those skilled
in this. art are acquainted with numerous
ways of maintaining the temperature at_the
desired degree and hence such means does
not require explanation herein. It should
be stated, however, that in many cases the
heat due to the reaction will be sufficient

‘or more than sufficient in which cases the

outside source of heat referred to will be.

necessary only in starting, and artificial
cooling means such as air blasts may be
employed where necessary to keep the tem-
perature from rising to.the point where sul-

fate of copper would be dissociated.

I claim:
1. The method of amphidizing ore which

“comprises advancing the ore through posi-

tions of successively higher temperature®
until the maximum temperature is attained
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draving the amphidized ore from the posi-
tior +f maximum temperature in heat con-
duct.ve relation to the advancing ore, so
that the amphidized ore transfers successive

portions of its contained heat to successively

colder portions of the advancing ore until
it approximates the initial temperature of
the ore, and the greater portion of its heat
has been regenerated in the advancing ore,
and then discharging the amphidized ore.

2. The method of amphidizing ore which

‘comprises advancing the ore and an oxygen

supplying atmosphere through positions of
successively higher temperatures until the
maximum temperature is attained and the
ofe amphidized, continuously withdrawing
the amphidized ore and the resultant and
remaining gases from the position of maxi-
mum temperature in heat conductive rela-
tion with the advancing ore and oxygen

supplying atmosphere so that the amphi-

dized ore and the resultant and remaining
gases transfer successive portions of their
contained heat to successively colder por-
tions of the advancing ore and oxygen sup-
plying atmosphere until they approximate
the initial temperature and the greater por-
tion of their heat has been regenerated in
the advancing ore and oxygen supplying
atmosphere, and then discharging = the
amphidized ore. :

3. The method of amphidizing ore which
comprises advancing the ore through posi-
tions of successively higher temperatures
until the maximum temperature is attained
and the ore amphidized, the quantity of the

1,052,793

ore at the position of maximum temperature
at any one time being only a small portion
of the total .quantity of oré under treat-
ment, continuously withdrawing the amphi-
dized ore from the position of maximum
temperature in heat conductive relation with
the advancing ore, so that the amphidized
ore transfers successive portions of its con-
tained heat to successively colder portions
of the advancing ore until it approximates
the initial temperature of the ore, and the
greater portion of its heat has been regen-
erated in the advancing ore, and then dis-
charging the amphidized ore.

4. The method of amphidizing ore which
comprises advancing the ore through posi-
tions of successively higher temperatures
until the maximum temperature is attained
and the ore amphidized, applying heat
from an external source at the point of
maximum temperature, continuously with-
“drawing the amphidized ore from the posi-
ition of maximum temperature in heat con-
ductive relation to the advancing ore, so that
the amphidized ore transfers successive por-
tions of its contained heat to successively
colder portions of the advancing ore until
it approximates the initial temperature of
the ore, and the greater portion of its heat
has been regenerated in the advancing ore
and then discharging the amphidized ore.

CHARLES S. BRADLEY.

Witnesses: )
cravius KNIGHT,
H. H. KxicHT.
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