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UNITED STATES PATENT OFFICE.

HENRY E. WO0OD, OF DEXVER, COLORADO.

PROCESS OF AI{D' APPARATUS FOR CONCENTRATING METALLIFEROUS URES.

954,633,

To all whom it may concern: :

- Be it-known that 1. Hexey I, Woon, a
citizen -of the United States, residing at
Denver. in the county of Denver and State
of Colorado, have invented certain new and
useful! Improvewents m Processes of and
Apparatus for Concentrating Metalliferous
Ores. of which the following is a full, clear,
and exact description. :

It 15 well known that the suvface of a
Hiquid possesses cortain distinetive properties
different from those within the liquid, and
that it acts hke a thin elasiic meshrane, uns
derdension inall directione. and tending con-

“stantly to contract, The surface film of a

liguid has, therefore, the capability of sup-
porting certain substances above it, if they
arein a finely divided state, even though they
may be of greater density than the liquid
itself.  Thus, if a mixture of finely com-
minuted dry material be distributed upon the
surface of a liquid, some of the particles may
penetrate the surfiace film and pass into the

body of the iquid, while others may remain |

suspended for an indefinite time upon the sur-
free film. The bnoyant power of the sur-
face of liquids is thus_selective with regard
to certain substances.  This property of the
surface tension of lquids has heen taken ad-
vantage of in various processes for the se-
Jective separation of mixtures of finely di-

 vided materials: For example in separating

35

40

45

&0

53

particles of graphite from crushed rock or
sand. the piineiple is very generally applied
by feeding the mixture in a dry state upon
the moving surface stratum of a body of
vater. permilting the sand and fine particles
of rock to sk into the Jower quiescent
stratum.  while the purticles of graphite.
which have a highly water repellent prop-
erty, are floated off into a separate vegeptacle
ar Iaunder. Tt has also been proposed to

apply the same broad principle to the con-

centration of metalliferous ores, and the rec-
ognition of the fact that particles of metal
such as are present in erushed ores possess
relatively less of that water repellent prop-
ertv tliat catises them to remain suspended
upon the sarface filin of water. has led to the

proposal and application of various and in.

many cases subctantially different methods
from those obtaining in the recovery of
araphite. in order to compensate for the
lack of sueli property. For example. me-
chanical devices or special processes have
been employed for bringing the metal par-

-

Specitication of Letters Patent, - *atented Feb. 21, 1911. -
Application filed June 25, 1909. = Serial Ne. 504,236, '

tigles to and maintaining thew on the sup-
face, and various substances have heen uti-
Tized which by attuchment 1o or union with
stuch particles would have a tendeney to in-
crease their buoyancy. So far as I am
aware, however. and my familiarity with

commercial conditons in this art enables me

to so state with no little assavance, no proce-
ess or’ apparatus heretofore devised and
based upon this principle. kas proved com-
mercially successtul or practicable, the mea-
ger results being due (o failure to obserye
and provide for the proper maintenance of

those conditions in practice wnder which 7

alone the principle Is theoretically feasible,

The subijeet of my present application isan
apparatus- for the selective separation of
finely divided materizls, chiefly designed
for the concentration of wetalliferous ores,
but applicable generally to similar purposes,
which depends primarily upon the ufiliza-

tion of the surface film tension of Houids,

and which realizes the pos-ibiito< of such
principle to an extent that renders it highly
efficient and conmmercially vatuable, ’

In carrying out miv invention 1 'nse the ap-

paratus llustreated in the accompanying

drawings, in which—

Figure 1 is a view partlv in vertieal een-
tral section and partly in side elevation of
my apparatus complefe,  Fig, 2 is a front
view of the sume, :

The numeral 1 indicatesa tank or vecep-’

tacle tapering toward the bottom. prefer-
ably in the £ om of an inverted split cone.
and having at its contracted end a valve
confrolled cutlet 2. Lntering the side of
said fawk s a water supply pipe 3 opening
downward in the tank and provided with a
controlling valve 4, :
Aliove the tank 1 is supported a plate or
tabile 5 of glass or other suitable material
such as wood, iron or steel. which contains
in its upper surface'a series of shallow con-
verging grooves 6, leading to a trap-hole 7
of comparatively small diameter: extended
by a pipe 8 into, through or helow the tank
1. The table 5 is slightly inélined toward
the tank 1. and its lower edge 10 projects
over the same, extending to within a few
inches of the lip or spil'way 22, and being
curved downwardly or rounded as shown.
In Tig. 1 this table is shown as rieidly se-
cured to the tank 11. but it is preferable
to provide for a variation of the angle of

inclination with respect to the level of water
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" in thetank 1. T have indicated a means for

acconplishing this in Fig. 2, where 9, 9
represent set screws passing through arms
extending from the. ends of the table, near
its forward cdge, and resting upon the

- flanges or edges of the tank 1. 1f the upper
. ar.reéar-edgeof thetable is hinged or flexibly
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connected with the tank 11, its angle of in-
clination may. be varied by the proper ad-
justment of the screws 9. _

A tank 11 connected by a valve controlled
pipe 12 with a water supply, and provided
with-a suitable spillway, is used to deliver
upon the inclined plate 3, a sheet of water
of uniform but regulable thickness.

Above the plate 5 is a device for feeding
upon the surface of the water flowing over
said table, a finely comminuted materisl in
a dried state, and as I have found that the
manner in which such material is delivered
or fed is of great practical importance. 1
have devised a special device for the purpose.

. This consists, escentially, of a laterally vi-
brating feed plate 13, adjustable vertically
5 w5 a whole, and also about a horizontal axis

> wherehy its distance above the plate 5, as

also its angle. of inclination with respect

- thereto may be varied. The necessary move--
. - ments and adjustments are securzd by using
30

a supporting frame 14 suspended by bars
15, from a suitable fixed support,and mount-

- ing thaplate 13 on pivotal hearings in blocks

- 35

cr puts 16, surronading threaded standard
17, supported on the frame with the capa-
bility of being turned to raisze or lower the
said blacks.  Onpe¢ edge of the plate 13 is con-
nected to frame 14 by an adjustable rod or

- similar device 18, bv which its inclination

"402

mav be.varied as desired.
The frame is vibrated by. any suitable
means, such as an eceentric 19, with a strap

~ connected by a rod 20, with the side of the

45

frame. _ .

" In conjunction with the feed plate above
described T employ any suitable device for
delivering the finely comminuted material

" upon the higher end of ihe plate. This de-

50-

“vice is illustrated conventionally at 21, and

shonld be capable of delivering the material
continuously at a uniform rate. :

In the forward side of the tank 1. and
slightly helow the level of the remaining
sides 35 an inclined lip or plate 292, over

" which the water, overflowing from the tank

55

1, passes. Immediatelv under said lip or

. spillway is a sereen 23 of wire gauze or other

like foraminous material, inclining abruptly

- but supported in such manner that its angle
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of inclination may he varied by neans of an;
adjusting screw or handle 2.  The lower
end of the sereen 23 lies over a trough 25 or
tank 26, and a plate 27 inclined at an oppo-
site angle and secured to the under side of
the screen near its lower end projects over
a tank or receptacle 28, '

Stated in general terms, the theory and
mode of operation of the apparatus above
deseribéd are as follows: The tenk 1 s
filled with water and the supply regulated

su as to maintain a shight overflow. Water 7
(s also admitted to the tank 11

at o rate

suflicient to maintain over the table or plate -

Hoa steadily flowing sheet or stratum which
euters the tank I with saflicient miomentum

tocarry it across the relatively quiescont

body of water therein to the spillwuy 22,
but at such an angle as to avoid the forma-
tion of a ripple or break in the surfaee flm
at the line of intersection between the de-
scending sheet and the surface of the water
in tank 1 which would impair the continuity
and buoyant property of the said film. This
may be done by adjusting the end of the
plate 3. slightly ahsve the normal level of
the water in said tank, or preferably, as
shown, by curving the end of the table so
that it extends sﬁghtly below the surface
when the apparatus is in operation. When
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the above described conditions have been -

established. finel: comminutad ore in a dried

90

state is delivered upon the vibrating plate.

13, over which it descends and from’ the
lower end of which it is delivered in a uni-
form stream upon the surface of the water
flowing over the plate 5, and at substantially
right angles to the current of the surface
film.. As the material is delivered upon the
moving surface film, the gangue sinks im-
mediately into the water while the metal-

liferous particles, or a large proportion of
the same reinain suspended upon the surface.’

All of the wetted particles which sink are
carried down the plate by the current, but.I
have observed that the heavier wetted non-
floating particles which are chiefly metal-
liferous, move more slowly than the lighter
particles of gangue material. I therefore
find it advantageous to provide the grooves
6, converging toward a trap hole 7, as b

this means a large proportion of the wetted
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or non-floating concentrates may be deflected

toward the trap-hole and thus recovered
while thi¢ Hehter particles follow a straighter
path toward the tank 1. Tt'will be pnder-
stood that the discharge floty through the
trap hole should never be such as to sensibly
disturb the surface film over the phate 5.
The descending sheet of water, in addition
to its load of floating particles, therefore,
carries down those particles which have
sunk into it and are not intercepted by the

-trap, and also a certain proportion of finer

and lighter particles which are held in sus-
pension. When it reaches the body of water
in the tank with this charge or load, the
heavier submerged particles sink at once in
the quiescent water, but the rate of move-
ment of the surface stream or stratum is
sufliciently retarded to permit a very large
proportion of the suspegded particles which
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Cordinary strainer, fiiter or sieve.
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. down with the remainder of the water into
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Ction, amd paink the serecn solil approxi-

60

5

“would otherwisa be carvied over thie spillway

_cwmulation or svercrowding of the flonting

‘tion of ripnles on the upper surface, the

5 suspension between the two fibms will huyve |
t
|

084,883 - . a

{o sink iute the dower and maore grieseent
wtratum of water Lenedih that wliel, by
euvon of its acquired momentn. Hows
steadily acvoss the fank to be dizclurged
over the spillway.. The adjustinent of con-
ditions and alrangement of parts should
not, however, ba sueh as {o permit snehoa
propounees stowing down of the surinee
stratwin as would allow an objectionable ae-
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S

particles, which are canveyed out of the
tank by the anoving surface fhn and over .
the spiliway from which they may be de-
Tivered oi collected in any convenient mauner.
Althongh the separation of the values |
from the saugue s maivly effected prior
to the dischuvge of the moving surface Rl
over the spillw
verson that wany very fne partic
carried over the spillway 3n suspension i
the sucfaee stratum. An additional and in-
v or eoncentration is effect-
ed by the sereen 23, which has a peculiar’
function wholly distines from: that of an

wonve

The discharge or overflow from tapk 1,
is in the fora of a sheet of water with an
unbroken or undisturbed-upper surface flm.
The tereen is set ‘n'neurly a vertical position
and this desconding stream s allowed to
fall upon it-at =uch an angie that the upper
surface film will be practically split off from
the sheet. . A portion of ihn water pusees
through the seeeen, Lut as the inciination |
of the fatter is such 13 to prevent (hie forma-

fionting purticles are not drawn below the
surfice film nor carvisd through the inter-
stices of the sereen. Such warer as reaches
the sereen. however. closes each mesh with a
thin sheet which presents therefore a double
surface film.  Values which may pencirate
the upper surface fil or wh o may be in

-t

a tendency ‘1o travel hetween them. while
the gangue will pass frecly throngh the un-
3o TN IS ol . . i
der fliu. Thus, while a portion of the water |
and the sreater part of the gangne and |
lighter wetted particles in the discharge, pass
throngh the sereen, the floating particles and
values in suspension therein will be earried

the tank 28. To further facilitute this oper-
alivu. I note the sutline of the faliiug stream
of water under conditions of normal opera-

mately up .to the point where the surface
film intersects the screen. This avaids the
loss of Anely divided wet mineral slimes”
which wond have a tendency to pass through
the screen but which are permtied to pass
at onice over the painted or solid portion of
the sereen.

Such water and gangue as pass through

ix, i s uet comiplete, Tor the ot
1

the screen flow over the plate 27, into a
suitable tank ‘or receptacle. The gangue
which =ettles in fan’ 1, may be periodicully
or continuursty dreawn off at the bottom, and

eonveved back to the tank 11, so that waste 7

of material and loss of values arve reduced to
a mininnu. :

In all processes of web concentration of
ores at preseut in use, the presence of the
intermingied fine material or slimes s a
serinn= arawhback to g elean concentration,
aud farge losses of valuabie mineral oveur in

the =limes, which escape iuto the tailings. .

B the use of my nvention these losses ave
very Jargely avonded, fhe more prominent
features of novelty by which sueli vesult is
seeirved heing the following: The surface
by means of which the initial separa-

effected s preserved Intuct and un-
while such initial separation, a
mdary gepavation winl subserquent’ set-
tling and fnal separatich are proveeding
heneath sueh film. What i< here desiguated
secendury separation is accomplished in the

manner above described by taking advan-
tage of the slower rate of travel over the

tuble of the heavier wetted and submerged
metalliferous particles. The settling is ac-
eomplished by checking or retarding the
movemsnt of the surface stratum over a
quiescent body of water, and the final sepa-
raticn hv the <creen and the operation of
the doulie surface film produced by its use.

T wonki state that the character of the
surface Sl uppn which its selective action

depends, may be madified in any desirable
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way, without departare from the invention. -

For examyple. a small quantity of oil or acid,
or wthar subatances will render the film more
characteristieally selective with regard to
the particular particles which it will convey
upon its moving surface, and thus extend
the range, and permit of betler control of
its selectivity. It is morecver evident, from:
the position of the invention in the art and
the nature of the appliances heréin deseribed:

i ag the hest means now known to me for

practicing the invention, that these lattey
may be vers greatly modified in design and
construction without departure frdm the
novel principle which they involve

What T claim is:

1. The process of recovering the values of
metalliferous ores, which consists in feeding
:he ore in a finely divided state upon, the
surface of a body of water in a substantially
quicscent state in a suitable receptacle, caus-
ing the upper or swrface stratum of the body
of water to flow laterally and discharge over
the edge of the receptacle and then splitting
off from the freely descending shect of
water at a point in its trajectory removed
from point of overflow, the surface film with
the particles supported thereon.

2. In an apparatus for concentrating ores,
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- the comhination of a tank for containing a
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Lody of water and provided with a’spillway,
an mclined plate, means for maintaining a
slivetof water-continueusly flowing over the
same, the sid plate being supported and ar-
ranged to deliver the sheet of water with its

surface film unbroken and unimpaired upon.
. o b - e .
the surface of the hody of water in thg tank,

and directing it as a ~lowly moving surface
stratum across the hody of water and over
the spillway, means for feeding the orein a
thoroughly  dried and finely  conminuted
stute in auniform stream gpon thesheet of
water while on its way _to the {ahk, and
means for splitting oft the surface film with
the particles supported thereon from the
column of water which discharges, at an
angle to the vertical, from the tank.

3. In an apparatus for concentrating ores,
the combination of a tank for containing a
body of water and provided with a spillway,
means for maintamming a surface stratum
continnowsly moving - acress the body of
water in said tank and over the spiliway,

means for-feeling or deliveting ore in a

thoroughly dried and” comminuted state
upon the surface: of the moving surface

- stratum, and means for splitting off the sur-

30

face film vwith the particles supported there-
on from the column of water which dis-
charges, at an angle to the vertical, from
the tank and delivering the same into a suit-

" able receptacle. '

35

40

4. 'The combination with an apparatus for

concentrating ores by the selective separa-
tion of the values and gangue, by the sur-
face film *ension of liquids, of a perforated
screen set obliquely to and inthe paih of the
column of water which discharges from the
apparatits so as to split off therefrom the
surface film, and a receptacle for receiving

-the diverted film, with the particles sup-
“purted thereen, as set forth, -

5. The combination with an apparatus for:

concentrating ores by the selective separa-:

tion of the values and gangue by the surface

! film tension of lquids, of a perforated screen

set in an approximately vertical position to
receive the discharged or overflowing sur-
face siratum of water:and so as to split off
therefrom the upper surface film, a recepta-
cle for receiving the values delivered from
the sereen, and a deflectiug plate under the

that pass through the same. as set forth.

G. The con:bination with an apparatus for
concentrating ores hy the selective separa-
tion of the values and gangue by the surface

film tension of liquids. of a perforated

screen set in a nearly vertical position under
the spillway of the seitling tank, in position

to receive the sheet of water flowing over.

45

‘seieen for receiving the water and particles. -

55
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the spillway and split off therefrom the,

upper surface film, means for directing the
surface filin with the values thereon into g
receptacte, and a solid plate at ah angle to
and wunder the screen for deflecting into
another receptacle the: water and particles

which pass through the sereen. as set forth.

7. In an appavatus of the kind described,
the combination with a settling tank of a

perforated screen set under the spillway of .

said tank in a nearly vertical position to

65

receive the descending sheet of water dis-' -

charged over the spiliway and having its
meshes closed below the line of intersection

therewith of the descending sheet of water,

and an inclined deflecting plate- supported.
under the screen, as set forth. .

In testimony whereof T affix my signature
in the presence of two subscribing witnesses.

- HENRY E. WOOD.-
Witnesses: T
B. M. Woop,
Lucex 1. Braxe.
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