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1. 

My invention relates to improvements in 
apparatus and method for float and sink mineral 
Separation. The broad objective is to provide 
neW, simplified and improved apparatus for re 
Covering the magnetic media, which has been 
removed from the bath. On the surface of the 
float and Sink products of the Separation and 
Which must be rinsed from Such products, and 
recovered magnetically in the form of a dense 
COncentrate Suitable for return to the bath cir 
cuit. As is the case with my previous inven 
tions, these improvements are pertinent to the 
gaining of the float and sink separation of 
minerals of unlike specific gravity by means of 
a bath of dense medium consisting of Water and 
finely divided magnetic solids such as magnetite. 
In the use of heavy media, mixed with a liquid 

to give a sink and float parting liquid, it is of the 
Ultra Ost importance to maintain the concentra 
tion of the media in the liquid constant, that is, 
the parting medium must as operation continues 
not vary in specific gravity or density. 
The sink and float Solids separated by the part 

ing liquid and discharged from the System vary 
Widely in size and shape and this variation means 
that definite quantities of the media, are re 
moved from the System. In the past it has been 
necessary to Conduct constant, continuous tests 
to determine the amount of media, being with 
drawn because heretofore the media, have been 
concentrated, settled out and treated over a sub 
stantial period of time before they were returned 
to the System. This required constant and fre 
quent intermittent additions of solids and addi 
tions of Water to the bath to maintain constant 
density. 
I propose to So handle the medium discharged 

from the bath that it is rinsed from the solids 
and returned immediately Without further treat 
ment. The result is that addition to the bath of 
media, to increase density or Water to decrease 
density to compensate for change in the amount 
of media. Withdrawn is avoided. 

Further objects of my invention are: 
A. The return of the recovered magnetic con 

centrates to the bath. Within an exceedingly 
short time, a fraction of a minute, after they 
have been rinsed from the Surface of the float 
and sink products. 

B. The densifying of the recovered magnetic 
concentrates by means of magnetic forces rather 
than by gravitational sedimentation. 

C. The desliming of the magnetic separator 
tailings slurries by means which will avoid an 
accumulative increase of non-magnetic Solids in 
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a semi-closed hydraulic circuit whereby the 
deslined, before-mentioned tailings slurries can 
be directly returned to facilities regularly em 
ployed for rinsing the float and sink products. 
Heretofore magnetic separator tailings have been 
wasted or sent to large settling basins which per 
nit the clarification of Such slurries for reuse 
in the plant. My invention results in sending 
Only a Small fraction (the overflow Slimes) to 
such Water clarifying facilities with consequent 
Savings in both the installed and operating costs. 
A further object of my invention is to mini 

mize the loss of magnetite, which result is 
accomplished because of the fact that deslimed 
magnetic Separator slurries, which may contain 
Some magnetite, are now to be returned for use 
as rinsing Sprays and again be subjected ency 
clically to the influence of the magnetic separator. 
Other objects of the invention will appear from 

time to time throughout the Specification and 
claims. 
My invention is illustrated more or less dia 

grammatically' in the accompanying drawing 
Which discloses the various elements and the 
arrangement required to carry out my invention. 

Like parts are indicated by like characters 
throughout the Specification and drawings. 

is a processor or float and sink Wessel. It 
may be of any Suitable type. Raw coal is fed to 
the processor throughout the chute 2. Float and 
sink materials separated in the processor are 
discharged separately along the drainage screen 
3, the Sink and float being divided by the vertical 
wall 4. The drainage screen 3 is above a hopper 
5, so that flotation medium drained from the 
float and sink material returns directly along 
the conduit 6 to a medium storage sump 7. The 
coal which is float in this Case and the Slate and 
other refuse which is sink, travels over the screen 
3 to mechanically Operated drainage and rinsing 
screens 8. The forward ends of the screens 8 
also drain into the hopper 5 so that first flota 
tion medium is drained by gravity from the Solids 
and then mechanically removed from the Solids 
by vibration, such fluid in both cases returning 
to the medium storage Sump 7. 
As the solids move further along the rinse 

and drainage Screen they reach a point at which 
they are sprayed and washed by liquid discharged 
from the Spray nozzle apparatus 0. This washes 
off adhering flotation media, from the solids and 
the rinsing water with the flotation media, where 
it is removed from the solids is caught in the 
hopper discharged through a duct 2 to a 
magnetic separator 3. The magnetic material 
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separated out from the water is discharged by 
the magnetic Separator as a concentrate through 
the hopper 5 back to the medium storage sump 
. The hopper 5 may, if desired, include a de 
magnetizer adapted to remove from the mag 
netic medium any magnetism imparted to it by 
the magnetic separator. In many instances this 
demagnetizer Will be dispensed with. 
Water fron: the magnetic separator With Slimes 

removed from the solids as well as a certain Small 
annount of magnetic media is discharged from 
the magnetic separator through the hopper fi, 
the duct 7 to the tailings Sump 8. There may 
be a magnetizer 9 associated with the duct 
so as to magnetize the relatively small amount 
of magnetic media, which escaped the magnetic 
Separator So as to focculate these media, and 
cause them to settle out in the tailings sump 8. 
This magnetizer may under Some circumstances 
be omitted. 
The slimes which are very light pass out across 

the Weir 29 and are discharged along the path 2. 
The clarified water with some magnetic media 
Will be discharged from the tailings Sump 8 to 
the recirculating pump 22 and thence through 
the duct 23 to the spray head 0. 
Medium in the storage Sump 7 consisting of 

Water and magnetite discharges through the duct 
24 to the medium recirculating pump 25, thence 
through duct 25 Which has two branches, one, 
the branch 27 which controlled by a valve 28 
supplies medium to the hopper 29 thence up 
Wardly through a diffuser 30 to the bottom of 
the processor. The other branch 3 of the duct 
26 controlled by a valve 32 Supplies medium to 
the processor at substantially the level of the 
weir 33 over which the float material passes. It 
supplies this material on the opposite side of the 
processor so as to cause a croSS current to urge 
the float material toward the Weir. The medium 
is fed to the processor through a diffuser 34. 

35 is a plug valve at the bottom of the medium 
storage sump actuated by any suitable mecha 
nism diagrammatically shown at 36. Such mech 
anism may be manually or mechanically con 
trolled as the case may be. 
The capacity of the medium storage sump 

is such that when the processor is not in opera 
tion, the medium contained in the processor and 
in the System will flow by gravity back to the 
medium storage sump, the purpose of the Sump 
merely to provide a reservoir so that the processor 
and the upper portion of the recirculating system 
may be drained. There is no storage of medium 
in the storage sump during operation and the 
amount of liquid medium in the System is just 
Sufficient to maintain the System in closed COn 
tinuous circulation. 

3 is a duct controlled by valve 38 between 
the hopper 29 and the medium storage Sump 7 
so that when it is desired to stop operation and 
drain the processor, the plug valve may be closed 
and the valve 38 may be opened and the contentS 
of the processor may drain back into the medium 
storage sump. 
By the arrangement shown, I am able to pro 

Wide a substantially closed circuit, the only excep 
tion to this being that make up Water may enter 
the tailings sump along the path 40 to com 
pensate for the water that leaves the tailings 
Sump over the Weir 20 to carry off the Slimes 
resulting from degradation, clay on the coal and 
the like which must be continuously removed in 
Order that the circulating System may not be 
clogged with these light slimes which having no 
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flotation value could, if excess in quantity, inter 
fere with the operation of the device. 
There Will be some loss of magnetite from the 

System. Some may go out with the float and 
sink solids because no rinsing operation can be 
one hundred percent effective. Some of it may 
go out with the Water over the Weir from the 
tailings Sump, So suitable means will be provided 
to add additional magnetite. Moreover there will 
be some water left on the solids as they pass down 
the rinsing and drainage screen until they reach 
the rinsing point. That water may to some extent 
decrease the volume of Water in the processor 
recirculation System. 

A illustrates a Water make up pipe controlled 
by the valve 42 by which when needed additional 
water may be added to the sink and float System 
to compensate for any water carried out from 
the system adhering to the solids. 43 indicates 
a hopper controlled by valve 44 through which 
make up magnetic media, may be added to the 
system to compensate for that relatively small 
amount of magnetic media. Which may eScape 
from the System. 
The important difference between my present 

Solution of the problem and earlier solutions of 
the problem is that With respect to the closed 
circuit, including the rinse; and drainage hopper, 
the magnetic Separator, the tailings sump, the 
tailings recirculating pump and the rinsing SyS 
tem, I withdraw from the System at the upper 
level of the tailing Sump a continuous flow of 
liquid entraining the deleterious slimes and con 
tinuously recirculate acroSS the rinse and drain 
age screen the Water With Whatever amount, and 
it will be quite Small, of magnetic material may 
escape on the water discharge side of the mag 
netic separator. Thus no extensive Settling means 
need to be provided. Any magnetic media cir 
culating through the rinsing System can do no 
harn. It Will be Caught next time by the mag 
netic separator but the slimes which can do harm 
are continuously removed. 

I have not illustrated the means by which the 
sink material is raised and discharged over the 
drainage screen 3 nor have I illustrated the de 
tails of that Screen, the screen 8 or the means 
for Subsequently removing the sink and fioat. 
Suffice it to say that the sink is raised above the 
level of the parting liquid by any Suitable means 
well known in the art, discharged over the screen 
3 separated from the float by the vertical wall 4 
and the Sink and float. travel separately across 
the screen 8 being divided by the vertical Wall 
9 so that the screen 8 discharges sink, and float 
separately into Separate chutes for further treat 
ment. 

I have illustrated this invention as applied to 
the treatment of coal but it will be obvious that 
Such a sink and float System is equally applicable 
to gravital Separation of other Solids. The pro 
portions night have to be changed to compensate 
for different types of solids and to compensate 
for the relative quantities of sink and float be 
cause dealing. With coal the bulk of the material 
is float. Dealing. With ores, the bulk of thema 
terial might be sink but the mere change of pro 
portion is sufficient to compensate for such change 
in the relative amounts of Sink and float material, 
The magnetic medium which is drained off the 

solids discharged from the vessel returns directly 
to the Inedium Storage. Sump for immediate re 
circulation. The Sump. has no storage function 
when the device is in operation. If we would be 
Sure that the device never ceased operating, there 
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would be no need for the medium storage sump 
because the purpose of that sump is only to re 
ceive the liquid drained out of the vessel when 
the device is out of operation. 

I have illustrated the magnetic separator with 
a demagnetizing means between the magnetic 
Separator and the circulating system for the re 
Covered magnetite. I have also illustrated a mag 
netizing device for the discharge of the rinse wa 
ter from the magnetic Separator. Either or both 
of these two latter devices may and frequently 
will be dispensed with. The essential thing is 
that the magnetic Separator recover from the 
rinse Water the magnetic media, which may ad 
here to and not be drained from the solids and 
return that magnetic media, directly and imme 
diately for circulation. With the float and sink 
System, thus protecting the specific gravity of the 
medium. With appreciable diminution as a result, 
of magnetic media escaping with the solids. 
While my invention is illustrated as applied 
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to a Specific sink and float separating apparatus, . 
the principles involved are equally applicable to 
any type of Sink and float apparatus and method. 
The use and operation of my invention are as 

follows: 
As knowledge and experience was gained by 

Commercial applications for achieving float and 
Sink Separations by means of parting liquids in 
cluding density media, one of the principal prob 
lens encountered was the difficulty of maintain 
ing unifornly constant density for the medium 
used as the parting liquid. 
The Source of this difficulty was found to be the 

Constantly Varying size of the feed material which 
entered the bath to be Subsequently separated 
into float and Sink products followed by drainage 
and rinsing Operations used to recover the me 
diur) that Was lifted from the bath on the Sur 
faces of Such products. 

For example, it was found that a given weight 
of feed material consisting of larger than aver 
age size particles Would remove on its surfaces 
only a Small fraction of the amount of medium 
which the same Weight of Smaller than average 
Weight particles would remove. This, of course, 
WaS due to the vastly different amount of Sur 
face area, represented by the different average 
particle sizes of the feed material. 

Consequently the amount of media removed by 
rinsing Water and the amount of surface moisture 
removed by mechanical vibration through the 
rinse and drainage screens for the float and Sink 
productS varied to a great extent, 
A magnetic Separator can only operate at peak 

efficiency under reasonably uniform feed condi 
tions. Hence experience at commercial plants re 
Vealed a waste of magnetite in the tailings slurries 
from the magnetic separators. 
Even more importantly the conventional mag 

netite recovery such as described by Wade in his 
Reissue Patent No. 22,195 and by Rakowsky, Holt 
and Arms in their Patent No. 2,325,149 prevented 
the immediate return of the recovered magnetic 
concentrates to the bath circuit of the vessel in 
which the float and sink separation was gained. 
From the above description it will be readily 

apparent that the removal of the medium in 
varying amounts from the vessel bath circuit 
made it extremely difficult to maintain uniform 
density conditions for that circuit. During 
periods of high magnetite removal rates, Small 
amounts of magnetite had to be added by the 
man operating the system. Subsequently the re 
moval rate diminished and excessive amounts of 
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6 
magnetite Were returned to the bath from the 
recovery circuit with the result that the density 
increased and dilute water had to be added at 
the discretion of the operator. 

All of the above complications are solved if the 
magnetically recovered magnetite is returned to 
the vessel circuit bath instantly. My invention 
returns the magnetite in a fraction of a minute 
instead of more than one hour as is the case de 
Scribed under the two patents cited above. 
This practically instantaneous return of all of 

the magnetite to the system results in maintain 
ing a Substantially constant concentration of the 
magnetite or other Solid which is mixed with the 
liquid in the bath to form the heavy parting 
liquid and So no attention by the operator is re 
quired and no adjustments need to be made to 
compensate for variation in the amount of solids 
going through the separator or to compensate 
for change in the sizes of particles and so the 
Surface areas upon which the magnetite or other 
media, may be carried. 

I claim: 
1. The method of gravitally separating sink 

and float Solids which consists in circulating a 
magnetically Susceptible flotation medium con 
tinuously through a sink and float zone, supply 
ing Solids to be separated to such zone, separately 
discharging the sink and float solids and some of 
the flotation medium from the Zone, draining the 
Solids and returning the flotation medium with 
Out further treatment for immediate recirculation 
through the Zone, rinsing the drained solids for 
the removal of adhering slime and magnetically 
SUSceptible media, magnetically separating the 
magnetically susceptible media from the rinse 
Water and returning then without further treat 
ment in concentrated form, for immediate re 
circulation through the Zone, desliming the tail 
ings slurries resulting from the magnetic sepa 
ration and reusing them to rinse the drained 
Solids. 

2. The method of gravitally separating Sink 
and float Solids which consists in circulating a 
magnetically susceptible flotation medium con 
tinuously through a sink and float Zone, Supply 
ing solids to be separated to such Zone, separately 
discharging the sink and float Solids and some of 
the flotation medium from the Zone, draining the 
Solids and returning the flotation medium with 
out further treatment for immediate recircular 
tion through the Zone, rinsing the drained Solids 
for the removal of adhering slime and magnet 
ically susceptible media, magnetically separating 
the magnetically Susceptible media, from the rinse 
water and returning then Without further treat 
ment in concentrated form, for immediate re 
circulation through the ZOne, magnetizing and 
then desliming the tailings slurries resulting from 
the magnetic separation and reusing them t 
rinse the drained Solids. 

3. In a sink and float mineral Separation sys 
tem, a sink and float vessel, means for continu 
ously circulating therethrough a magnetically 
Susceptible flotation medium, means for Supply 
ing solids to be separated to the vessel, means for 
separately discharging sink and float Solids and 
some of the flotation medium from the vessel, a 
drainage screen over which the solids are adapted 
to pass, means for returning the flotation medi 
um drained from the Solids without further 
treatment, for immediate recirculation through 
the vessel, means for rinsing the drained solids to 
remove adhering Slime and magnetically Sus 
ceptible media, a magnetic separator adapted to 
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Separate the magnetically Susceptible media, from 
the rinse water, means for immediate recirculae 
tion of said media to the vessel without further 
treatment, means for: desliming the tailings slur 
ries discharged from the magnetic separator and 
for reusing them to rinse the drained solids. 

4. In a Sink and float mineral separation sys 
tem, a sink and float vessel, means for continu 
Ously circulating therethrough a magnetically sus 
ceptible: flotation. medium, means for supplying 
Solids to be separated to the vessel, means. for 
separately discharging sink and float solids and 
some of the flotation medium from the vessel, a 
drainage screen over which the solids are adapted 
to paSS, means for returning the flotation medium 
drained from the Solids without further treat 
ment, for immediate recirculation through...the 
vessel, means for rinsing the drained solids to re 
move adhering Sline and magnetically. Susceptible 
media, a raagnetic Separator adapted to Separate 
the magnetically Susceptible media, from the rinse 
Water, means for returning the Separated: mag 
netically susceptible media for immediate recir 
culation to the Wessel. Without further treatment, 
means for magnetizing the tailings slurries dis 
charged from the magnetic Separator to coagulate 
them and means for deslining Such tailings. Slur 
ries and reusing them to rinse the drained Solids. 

5. The method of gravitally separating sink and 
float solids which consists in circulating a mag 
netically susceptible flotation medium continu 
ously through a sink and float Zone, Supplying 
Solids to be separated to Such Zone, separately dis 
charging the sink and float solids and Some of the 
flotation medium from the ZOne, draining the 
solids, and returning the flotation medium. With 
out further treatment for immediate recirculation 
through the zone, rinsing the drained solids for 
the removal of adhering slime and magnetically 
susceptible media, magnetically separating the 
magnetically susceptible media from the rinse 
water, demagnetizing and returning them with 
out further treatment, for immediate recircula 
tion through the Zone, deslining the tailings slur 
ries resulting from the magnetic separation and 
reusing them to rinse the drained Solids. 
6. The method of gravitally separating sink and 

float Solids, which consists in circulating a nag 
netically susceptible flotation medium. Continlu 
ously through a sink and float Zone, Supplying 
soids to be separated to such Zone, Separately 
discharging the sink and float Solids and some of 
the flotation medium from the Zone, draiiaing the 
solids and returning the flotation mediuan. With 
out further treatment for immediate recirculation 
through the zone, rinsing the drained solids for 
the removal of adhering sline and magnetically 
susceptible media, magnetically separating the 
magnetically susceptible media, from the rinse 
water, demagnetizing and returning them. With 
out further treatment, for immediate recircula 
tion through the Zone, magnetizing and then de 
slining the tailings slurries resulting from the 

0 

20 

8 
magnetic separation and reusing them to rinse 
the drained Solids. 

7. In a sink and float mineral Separation Sys 
ten, a Sink and float vessel, means for continu 
Ously circulating therethrough a magnetically 
Susceptible flotation medium, means for supplying 
Solids to be separated to the vessel, means for 
Separately discharging sink and float solids and 
Some of the flotation medium from the vessel, a 
drainage Screen over which the solids are adapted 
to pass, means for returning the flotation me 
dium ; drained from the solids without further 
treatment, for immediate recirculation through 
the vessel, means for rinsing the drained solids 
to remove adhering slime and magnetically sus 
ceptible media, a magnetic separator adapted to 
Separate the magnetically Susceptible media, from 
the rinse Water, means for demagnetizing and re 
turning the separated magnetically susceptible 
media for in mediate recirculation to the vessel 
without further treatment, means for deslining 
the tailings slurries discharged from the magnetic 
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separator and for reusing them to rinse the 
drained Solids. - 

8. In a sink and float mineral separation SyS 
tem, a sink and float vessel, means for continu 
ously circulating therethrough a magnetically 
Susceptible flotation medium, means for Supply 
ing solids to be separated to the vessel, means for 
separately discharging sink and float Solids and 
Some of the iotation medium from the Wessel, a 
drainage screen over which the Solids are adapted 
to pass, means for returning the flotation medium 
drained from the solids. Without further treat 
ment, for immediate recirculation through the 
vessel, means for rinsing the drained solids to re 
move adhering slime and magnetically Susceptible 
media, a magnetic separator adapted to Separate 
the magnetically susceptible media, from the rinse 
water, means for demagnetizing and returning the 
separated magnetically susceptible media, for in 
mediate recirculation to the vessel. Without fur 
ther treatment, means for magnetizing the tail 
ings silurries discharged from the magnetic Sepa 
rator to coagulate them and means for deslining 
such tailings slurries and reusing them to rinse 
the drained Solids. 
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