
H. E. W00p. 
PROCESS OF AND APPARATUS FOR CONCENTRATING METALLIFEROUS ORES, 

APPLICATION FILED JUNE 25, 1999. 
984,633. w Patented Feb. 21, 1911. 

2 SHESTS-SHEET 

8 28itics as: 31 beil-Fez 
é44a/e/2- w Aerry i. Weez : y fa?te & fielitotics 
date a Mile- ?er, & 62.9% 

  

  



H. E. W00D. . 
p00ESS OF AN APPARATGS FOR CONCENTRATING METALLIFEROUS ORES, 

Az 
s 

Aer, 

APPLICATION FED JSE 25, 1909. 

28itv.cscs 
7%le-7%azz 
44-4-4----- 

  

  

  

  

  



9S4,633. 

Ores, of which the following is a full, clear, 
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lective separation of mixtures of finely di 
vided materials. For example in separating 
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from those obtaining in the recovery of 
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said, the piinciple is very generally applied 
by feeding the mixture in a dry state upon 

UNITED STA TES PATENT OFFICE. 
HENRY E. WOOD, OF DENVER, COLORADo. 

PROCESS OF AND APPARATUS FoR CONCENTRATING METALLIFERous oREs. 

To all whom it may concerit: 
Be it, known that I. HENRY E. Wool, a 

citizen of the United States, residing at 
IDenver, in the county of Denver and State 
of Colorado. have invented certain new and 
useful Irovenients in Processes of and 
Apparatus for Concentrating Metalliferous 
and exact description. 

It is well known that the starface of a 
lipid possesses certain listinctive properties 
different from those within the liquid, and 
that it atts liki- a thin ellite meji :12 tie, una 
der tension in a directions. and teiiding con 
stantly to contract. The surface film of a 
liquid has, therefore, the capability of sup 
porting certain substances above it, if they 
are in 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 surface film and pass into the 
iody of the liquid, while other's may remain 
suspended for an indefinite time upon the sur 
face film. The buoyant power of the sur 
face of liquids is thus selective with regard 
to certain substances. This property of the 
surface tension of liquids has been taken ad 
vantage of in various processics for the se 

particles of graphite from crushed rock or 

the moving surface stratim of a body of 
rater. permitting the sund and fine pisticles 
of rock to sink into the lower quiescent 
stratim. while the particles of graphite. 
which have a highly water repellent prop 
erty. are floated off into a separate regeptacle 
or launder. It has also been proposed to 
apply the same broad principle to the con 
centration of metal liferous ores, and the 'ec 
ognition of the fact that particles of metal 
such as are present in crushed ores possess 
relatively less of that water rebellent prop 
erty tiliat. causes them to remain suspended 
upon tine strface film of water, has led to the 
proposal and application of various and in 
imany cases substantially different methods 
graphite, in order to compensate for the 
lack of such property. For example. me 
chanical devices or special processes, have 
been employed for bringing the metal par 
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ticles to and maintaining them on the sur 
face, and various Substances have been ti 
lized which by attachment to or union with 
such particles would have a tendency to in 
crease their buoyancy. So far as I am 
aware, his ever, and my familiarity with 
cominei'cial conditions in this art cnables me . 
to so state with no little assiurance, no proc 
ess or apparatus heretofore devised and 
based upon this principle, lias proved coin 
mercially successful or articable, the nea 
ger results being due to failure to observe 
and provide for the proper Juaintenance of 
those conditions in practice under which 
alone the principle is theoretically feasible. 
The Suljeet of my present application is an 

apparatus for the selective separation of 
finely livided materials. chiefly designed 
for the concentration of luetalliferous res. 
but applicable generally to similar turposes. 
which dependis primarily upon the utiliza 
tion of the surface film tension of liquids, 
all which realizes the lossibilit: s of such 
principle to an extent that renders it highly 
efficient and commercially valuable. 

In carrying out liv invention use the ap 
paratus illustrated in the accompanying 
drawings, in which 

Figure 1 is a view partly in vertical 'en 
tral section and partly in side elevation of 
ny apparatus complete. Fig. 2 is a front 
view of the same. 

() 

The numeral 1 indicates a talk or rece 
tacle tape ring toward the botton, prefer 
ally in the f 'm of an inverted split 'one. 
and having at its contracted end a valve 
controlled outlet 2. Intering the side of 
said tank is 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 
talle 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 
of conparatively small diameter: extended 
by a pipe S into, through or below the tank 
1. The table 5 is slightly inclined toward 
the tank 1, and its lower edge 10 proiets 
over the same, extending to within a few 
inches of the lip or spilway 22, and being 
curved downwardly or roundel as shown. 
In Fig. I this table is shown as rigidly se 
cured to the tank 11... but it is preferahle 
to provide for a variation of the angle of 
inclination with respect to the level of water 
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in the tank 1. I have indicated a means for 

flanges or edges of the tank 1. lf the upper . 

accomplishing this in Fig. 2, where 9, 9 
represent set screws passing through arms 
extending from the ends of the table, near 
its forward edge, and resting upon the 
or rear-edge of the table is hinged or flexibly 

0. 

5 

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 5, 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 material in 

20 manner in which such material is delivered 
or fed is of great practical importance. I 
have devised a special device for the purpose. 
This consists, essentially, of a laterally vi 
brating feed plate 13, adjustable vertically 
as a whole, and also about a horizontal axis 
whereby its distance above the plate 5, as: 
also its angle of inclination with respect 

a dried state, and as I have found that the 

thereto may be varied. The necessary move 
inents and adjustments are secured by using 

30 a supporting frame. 14 suspended by bars 

crimuts 16, surronding threaded standard 
17, supported on the frame with the capa 
bility of being turned to raise or lower the 
said blocks. One edge of the plate 13 is con 
nected to frame 14 by an adjustable rod or 
similar device S, by which its inclination 

40. 
means, such as an eccentric 19, with a strap 

may be varied as desired. 
The frame is vihrated by any suitable 

connected by a rod 20, with the side of the 

45 

upon the higher end of the 
twice is illustrated conventionally at 21, and 

50 

frame. , 
In conjunction with the feed plate above 

described I employ any suitable device for 
delivering the finely comminuted material 

plate. This de 
should be capable of delivering the material 
continuously at a uniform rate. 

In the forward side of the tank 1. and 
slightly below the level of the remaining 
sides is an inclined lip or plate 22, over 
which the water. overflowing from the tank 

55 1, passes. Inmediately under said lip or 
sipillway is a screen 23 of wire gauze or other 
like foraminous material, inclining abruptly 
but supported in such manner that its angle 

(SO 

15, from a suitable fixed support, and mount 
ing the plate 13 on pivotal hearings in blocks 

of inclination may be varied by means of an 
adjusting screw or handle 24. The lower 
end of the screen 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 65 a tank or receptacle 28. 

to carry it across 

Stated in gree all tes, the theory and 
mode of operation of the apparat is :hove 
lescrile are is follows: file titlik i is 
filled with water and the stiply regitiated 
st as to maintain a slight o', 'ifiew. Water 
is also it limitted to the tink at a rate 
silicient to saintain over the tale or plat (: - 
5 a steadily flowing sheet or stratulia which 
iters the tank 1 with sificient ionicit in 

the relatively qui 'scent 
body of water therein to the spillway 22, 
but at such an angle as to avoid the fornia 
tion of a ripple or break in the surface film 
at the line of intersection between the cle 
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 tie end of the 
plate 5. slightly above the normal level of 
the water in said tank, or preferably, as 
shown, by carving the end of the table so 

80 

85 

that it exte::ds slightly below the surface 
when the apparatus is in operation. When 
the above described conditions have been 
estallished. finel. comminuted ore in a drie 
state is delivered upon the vibrating plate. 
13, over which it descends and from the 

90 

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 remain suspended upon the surface. 
All of the wetted particles which sink are 
carried down the plate by the current, but...I 
lave 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 by 
this means a large proportion of the wetted 
or non-floating concentrates may be deflected' 
toward the trap-hole and thus recovered 
while the lighter particles follow a straighter 
path toward the tank 1. It will be inder 
stood that the discharge flow through the 
trap hole should never be such as to sensibly 
disturb the surface film over the plate 5. 
The descending sheet of water, in addition 
to its load offloating 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 
sufficiently retarded to permit a very large 
proportion of the suspesided particles which 
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portant separati:ii r conceitration is 
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down with the remainder 
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tion of ripples on the tipper 

would otherwise be carried over i.e. spillway 
to sink it it? the lower and more quiesceit, 
stra full of water liste: it that wici inv 

son of its acquired minentana, tow 
dily aci'oss thi, tank to lie jisci;arged 

over the spillway. The adjustinent ef coll 
ditions and arrangement of parts sittid 
tiot, towever, he stain as to permit siri, a 
prict incet show; it down of the Sii'iate 
stratti as would allow air objectionable ac 
cumulation or is vercrowding of the floating 
particles, which are Citveye? out of the 
talk by the lint wing surface filia and over 
the sailway from which they may be de 
livered oi' ('Gilected in as convenient in: ; tr. 
Although the separation of the valies 

from the gag is naily effected prior 
to the discs: 'ge of the narving surfi et ?il; 
over the sillway, it is i;c;t (origiet 
refs: t::ti. iisaily very file partic 
garried over the siilway in Sassist 
the surface statin. An additiot at in 

fec 
ed by the screen 23, which has a paciliar 
function wholly distinct from that of an 

s - 
- 

ordinary strainer, fiiter or sieve. 
The discharge or overflow front tank J, 

is in the fort of a sheet of water with an 
unbroken or undisturied per sirface film. 
The screen is set in nearly a vertical position 
and this disceriding strea in is allowed to 
fall upon it at such an aigie that the upper 
surface film will be fractically split off from 
the sheet. A portion of this water passes 
through the screei, it as the inclination 
of the latter is such as to i:reve; it is forma 

sai' faire, the 
fioriing : "tici's are noi. crawl) inly the 
starfice film rior carrini : it'sight the inter 
stices of the screen. Silch water as reaches 
the screen, however. closes each mesh with a 
thin sheet which presents therefore a double 
surface filin. Values syhich may pe:grate 
the upper surface fifth or wi a nay be in 
suspension between the two films will have 
a tendency to tras el betw. 3en then. while 
the gang ic viii pass freeiy througi, the un 
der filiii. This, while a portion of the water 
at: tile greater part of the gage and 
lighter wetted pai-ticles in the discharge, pass 
through the screen, the ?torting particles and 
values in suspension therei will be carried 

if he water into 
the tank. 28. To further facilitate this oper 
at it... I note the outline of the failing stream 
of water under conditions of normal op-ra 
tion, and paint the Sfree: solil approxi 
nately up to the point where, the surfee 
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film intersects tie screen. This avoids the 
loss of finely divided wet mineral slines' 
which word have a tendency to ass through 
the screen but which are permitted to pass 
at orice over the painted or solid portion of 
the screen. 

Stich water :uld gangue as pass through 

984,688 8 

the screen flow over the plate 27, into a Suitable tank or receptacle. The gangue 
which settles in tank 1 may be periodically 
or cortin it isly dra ('n off at the isotton, and 
eq v''': lack to the tank 11, so that waste 70 
of Fiatria; and loss of values are reduced to 
a niinimui. - 

iji al processes if wet concentration of 
ores at preset it in use, the presence of the 
iiiter::iiigi 't fine materiai or slines is a 75 
seriotis drawback to a clean concentration, 
altl large losses of vali alie nineral ot'sur in 
the shiflis, which escape into the tailings. . 
By the use of it y is vention these losses are 
very largely avoided, the more prominent so 
featires of novelty by which sitei result is 
Streited being the following: The surface 
iii! is theans of which the initial separa 
tioi) is effected is preserved intact and in 

::itial separatiri), a S. i:a::ii'e. tile sich 
tidt's separatiin. iiiii subsequent set 
s: final separatich are proceeding 

beneal sitch film. What is here designatol 
Secondary separatin is accomplished in the 

a : 

tage of the slower rate of travel over the 
table of the heavier wetted and submerged 
metalliferous particles. The settling is ac 
cfliplished by checking or retarding the 

5 

n)a lilier love described by taking advau- 90 

hoven flat of the surface stratun over a 95 
quier:cert body of water, and the final sepa. 
ration by the screen and the operation of 
the doulaic surface filial produced by its use. 

I wothici state that the character of the 
surface fillii upin which its selective action 100 
dejends, lay be intified in any desirable 
way, with it depart are from the invention. 
For exam; ie. a small quantity of oil or acid, 
or if lifer sistances will reiter the film more 
characteristically slective with regard to 105 
the particular particles which it will convey 
upil its moving surface, and thus extend 
the range, and permit of better control of 
its selectivity. It is noreover evident, fro: 
the position of the invention in the art and 
the nature of the appliances herein describefl. 
as the best means holy line v to me for 
practicing the invention, that these latter may ic very greatly modified in design and 
constriction without departure from the 
novel rinciple which they involve. 

if I claim is: 
1. The process of recovering the values of 

metal liferous ores, which consists in feeding 
she ore in a finely divided state upon the 
surface of a body of water in a substantially 
quiescent state in a suitable receptacle, caus 
ing the upper or surface stratin of the body 
of water to flow laterally and discharge over 
the edge of the receptacle and then splitting 
off from the freely descending sheet 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 colibiiation of a tank for containing a 
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otly of water and provided with a spillway, 
an initiel plate. means for Iaintaining a 
sheet of war continiensly flowing over the 
salue. the said plate litting supported and ar 
ranged to deliver the sheet of water with its 
surface film unbroke and uninp:tire Xiu. 
the surface of the body of water in tie tank, 
and directing it as a slowly :oving surface 
strati across the hotly if water and over 
the spillway. In realis for feeding the ore in a 
throughly driel and finely comminuted 
state in a uniforin stream upon the 'sheet of 
water while on its way to the tank, and 
means for splitting off the surface film with 
the particles supported thereon f: am 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. 
Iaeans for maintaining a surface stratum 
continuously moving across fle body of 
water in said tank and over tile spillway, 
means for feeding or delivering ore in a 
thoroughly dried and comminuted state 
upon tile surface of the noving surface 
stratum, and means for splitting of the Sur 

30 

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

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 oliquely to and in the path of the 
column of water which discharges from the 
apparatus so as to split off therefrom the 
surface film, and a receptacle for receiving 
the diverted film, with the particles sup 
ported theretin, as set forth. - 

5. The combination with an apparatus for 
concentrating ores by the selective separa 
tion of the values and gange isy the surface 
film tension of liquids, of a perforated screen 
set in an approximately vertical position to 
receive the discharged or overflowing sit 
face stratin of water. and so as to split off 
therefron the upper surface film, a recepta 
cle for receiving the values delivered from 
the screen, and a deflecting plate under the 

45 
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screen for receiving the water and particles. 
that pass, through the same. as set forth. 

6. The con: bination with an aparatus 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 if the settling tank, in position 
to receive the sheet of water flowing over. 
the spillway and split oil therefroin the 
upper surface film, means for directing the 
surface fin with the values thereon into a 
receptacle, and a solid plate at an angle to 
and under the screen for deflecting into 
another receptacle the water ai'i particles 
which pass through the screen, as set forth. 

7. In an apparatus 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 
receive the descending sheet of water dis 
charged over the spiway and having its 
meshes closed below the line of intersection 
therewith of the descending sheet of water, 
and an inclined deflecting plate Supported 
under he screen, as set forth. 

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

HENRY E. WOOD.. 
Witnesses: ... " . 

B. M. Wood, 
LucIEN I. BLArE. 
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