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UNITED STATES PATENT OFFICE 
DEVICE FOR RECOVERY OF MINERALS 

Henry L. Johnson, Bremerton, Wash., assignor of 
fifteen per cent to Carl S. Halverson, Bremer 
ton, Wash. 
Application July 22, 1938, Serial No. 220,807 

(C. 209-19) 34 Claims. 
My invention relates to the recovery of values 

from ore. While it was primarily designed for 
the recovery of such values as gold in a finely 
divided state, commonly called "flour gold,' from 
ores such as magnetite or black sand, or placer 
deposits such as sea sand, river or upland de 
posits, still the principles of this invention can be 
used for the recovery of other values, as for in 

. stance gold from crushed ores, or platinum or 
other metal from ores of various types, so that 
the term "values' as herein used is intended to 
mean such metallic values as it is desired to re 
cover, and the term "ores' is intended to include 
ores of various types, whether of the types men 
tioned or of Some other type, or where the metal 
is found in the form of a salt. 
The present application is a substitute for my 

application Serial No. 168,412, filed October 11, 
1937, of which it is in part a continuation. 
The present invention is primarily concerned 

With the deposition of values from ore, but it has 
to do also with the preparation of the ore to 
facilitate proper deposition of the values, includ 
ing, if necessary, the crushing and/or the grind 
ing of the ore. 

‘I have found that such ores as magnetite, con 
taining values in a finely divided state and nor 
mally considered commercially impracticable to 
Separate, can be handled at comparatively high . 
speed when the ore is electrically charged or 
ionized, and the deposition takes place within the 
influence of a magnetic field. With or without . 
the magnetic field, by proper charging of the 
depositing surfaces and of the ore with electricity 
of opposite sign relatively to each other, and 
Whether or not in the presence of an electrolyte, 
the deposition is facilitated and the efficiency of 
the operation raised tremendously. This is espe 
cially true when the ore is ground or abraded in 
the presence of a magnetic field, and immediately 
thereafter, or at the same time, is electrically 
charged or ionized, and then acted upon by a 
differently charged depositing plate and in the 
presence of a magnetic field. If an electrolyte 
is used, as for instance common sea water or 
water containing salt or other sodium compounds, 
it would appear that proper current flow causes 
the liberation of metallic sodium on the mercury 

... amalgam plates used, thereby creating metallic 
Sodium amalgam, which has a great affinity for 
platinum. Water, of course, destroys metallic 
sodium, changing it to Sodium hydroxide, so that 
we have in this instance a continuous deposition 
and destruction of sodium. By using zinc amal 

() 
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While I cannot explain the action that occurs, 
and do not desire to be bound by any particular 
theory of operation, it appears that the magnetic 
Ore is held, by magnetic attraction or otherwise, 
in the grinding or abrading chamber until any 
surface film or accumulation of foreign matter 
is abraded from the values to be recovered. This 
gives them a clean Surface with which to amal 
gamate with the amalgam plates. This appears 
to be necessary in order to obtain an adherence 
to the amalgam on the depositing plates. At the 
same time that this operation is taking place the 
particles are being polarized or ionized, that is, 
given an electric charge, or an electric charge 
which they may have is being intensified, let us 
say positively, giving them a greater tendency to 
travel or to be deflected to the amalgam-coated 
plates upon which is impressed an electric charge 
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of opposite sign, as negative. 
The ore is continuously working through the 

abrading chamber towards and passing through 
certain screening means which insure that it is 
ground finely enough. Arrived in the depositing 
chamber, by reason of the magnetic fields there 
in and the control of these fields, including their 
destruction and creation intermittently, and by 
reason of certain other magnetic agencies and of 
the electric difference of potential, deposition of 
the particles which constitute the values is en 
hanced, the abrasive action of the magnetic par 
ticles on the depositing plates is minimized, and 
the movement of the ore through the depositing 
chamber is controlled (hastened or retarded), to 
the end that the largest degree of separation and 
deposition of the values is achieved, with the 
minimum of difficulty and with the minimum of 
wear on all parts, and with a minimum of loss 
Of values. . 
Whether the action in the deposition chamber 

is an electrolytic action, an electro-deposition, an 
electro-chemical action, or an electromagnetic 
action, any one to the exclusion of others or one 
or more in conjunction, I do not know. It ap 
pears to be in some measure a complex of all. 
Different materials have a slightly better to a 
considerably greater degree of reaction. They all 

50 

Work with the mechanism and electromagnetic. 
field in operation, and some without the magnetic 
field, but not without the current flow or ioniza 
tion of the particles oppositely with respect to the 
depositing plates. . All work better with the com 
plete system, so far as I have been able to ob 
serve. It follows that I cannot state the exact 
theory of operation, but I do know from trial 

gam the same or similar results are accomplished. 55 what results are secured. 



By suitable arrangement of baffling means, 
preferably amalgam-coated, within the deposi 
tion chamber, and which baffles are given an 
electric potential negative from that of the posi 
tive potential of the charged particles passing 
through the machine, the values are deposited 
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and the gangue material, whether magnetic or 
otherwise, passes through the depositing cham 
ber and is discharged. From time to time the 
values are removed from the amalgam plates in 
the usual way. The ionization of the particles 
with respect to the plates appears to cause these 
particles to force their way through materials 
a loose mass of which would oppose such migra 
tion of the Small particles of the values if reliance 
were had wholly upon mechanical movement, 
such as gravity. The creation of certain mag 
netic fields in the depositing chamber appears to 
impel the charged particles of values at right 
angles to these fields, and hence towards the 
baffles for deposition, and such a force overcomes 
resistance that otherwise would prevent or great 
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and in part through the depositing or value-col 
lecting plates, on the line 6-6 of Figure 3. 

Figure 7 is a perspective view, diagrammatically 
arranged, to show the relationship of the elec 
trical connections, especially in the depositing 
chamber, 

Figure 8 is an electrical diagram to show the 
relationship of the magnetic arrangement, par 
ticularly in the depositing chamber. 

Figure 9 is an axial section through the deposit 
ing chamber and the plate assembly. 

Figure 10 is an enlarged detail section showing 
the securing means and the electrical conduct 
ing means for the plate assembly. 
The rotative shell preferably consists of two 

parts, and 2, axially aligned and mechanically 
connected, but electrically insulated, so that in 
effect they form an integral whole. mechanically 
considered. These two parts are conveniently 
Separated from each other by means of a grizzly, 
Sometimes Supplemented by a screen or screens. 
While screen means are not shown, the grizzly is 

ly impede such migration. To facilitate the pas 
sage of the magnetic Ores, such as magnetite, 
through the abrading chamber I provide a means 
of shorting out the coil which creates the mag 
netic field in the abrading chamber. Similarly 
the magnetic field in and about the depositing 
chamber is formed of a number of coils so. ar 
ranged that the lines of magnetic force extend 
axially, and With arrangements for reversing 
these coils or of deemergizing them from time to 
time, and in Such Succession as to retard or to 
accelerate the movement of the magnetic mate 
rial through the abrading chamber. - 

It is the primary object of my invention to 
provide a machine capable of carrying out the 
method explained above for the recovery of values 
from ores. 

It is a further object to provide such mecha 
nism which is simple in construction, and which 
has parts SO arranged that they can be readily 
taken out for inspection or for cleaning, and one 
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shown as composed of two parts 3 and 30, and 
Screen means, employed if needed for finer grind 
ing, would be held substantially flat against the 
face of this composite grizzly on the side toward 
the shell part 2. By such means the machine 
is divided into an abrading chamber A and a 
depositing chamber D. The abrading chamber 
may also be divided further by a grizzly 3 to de 
fine a feed chamber F. 
The shell part f is preferably of nonmagnetic 

material, bronze for instance, but in order to 
35 
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which can be operated either by a batch process 
Or as a continuous process, preferably the latter. 
My invention therefore comprises the novel 

apparatus and the novel method, which will be 
hereinafter disclosed more fully and as specified 
in the claims, and which is illustrated in the 
accompanying drawings. 

In the accompanying drawings the mechanical, 
electrical and magnetic characteristics of my in 
vention are shown in a form which is at present 
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preferred by me, it being understood that various 
changes may be made therein in accordance with 
the principles hereinafter set forth. 

Figure 1 is a perspective view of the complete 
machine, parts being shown in section or broken 
away to illustrate the relationship of the various 
parts. s 

Figure 2 is an axial section through the abrad 
ing end of the machine, and Figure 3 is an axial 
Section through the depositing chamber, with 
parts therein broken away. 

Figure 4 is a transverse section on the line 
4-4. Of Figure 2, illustrating the abrading cham 
ber. . 

Figure 5 is a transverse Section through the 
machine on the line 5-5 of Figure 3, showing 
the depositing chamber. . 

Figure 6 is a section through the depositing 
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provide it with a wearing surface it is provided 
with a manganese steel liner O. The shell 
might indeed be solid cast manganese steel. 
Within it are received abrading members, such as 
the balls f of magnetic or nonmagnetic mate 
rial, Such as flint rock, but rods or similar abrad 
ing elements may be substituted for the balls. 
The entire shell is suitably supported for rota 
tion, being, in the form shown, cradled upon 
rollers 4 and 40, preferably of brass or cast iron, 
rubber-tired, rolling upon the steel tracks 2 and 
22, respectively, which encircle the shell part . 
Either of these sets of rollers may be a driving 
Set, or the shell as a whole may be rotated by 
a chain (not shown) engaging the teeth of the 
bull gear 9 surrounding the shell . The feed 
end of the shell is provided with a bearing at 
8, which is preferably universal in type, so 

that proper alignment and distribution of stress. 
may be achieved. It will be understood that the 
rollers, the bearing 8, and the like are supported 
from suitable framework which has been omitted 
for clearer illustration. 
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chamber, in part looking towards the grizzly 
Separating the brading chamber from the deposit 

The discharge end of the chamber D may be 
closed by an end plate or bell 20 of brass, bronze 
or like nonmagnetic material, hingedly mounted 
at 2 and secured by suitable clamping means 23. 
The end bell 20 is formed with a circumferential 
channel 24 to serve as a nercury or amalgam 
trap, and an inwardly directed flange 25 sur 
rounding its discharge opening, for which there 
may be substituted a flange of greater or less in 
side diameter, serves also to prevent loss of 
nercury and amalgam and of values, while per 
mitting discharge of gangue when the machine 
is operated with continuous run-through, as is 
customary. 
The feed end of the machine is provided with 

a feed spout or chute 3, shown in the form of . 
an elbow, having a close fit with the rotative neck 
constituting the bearing 8. Within the feed 

ing chamber, along the line 6a-6a of Figure 2, 75 chamber, as indicated above, there may be pro 
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vided suitable advancing or feeding means, Such 
as the inclined or screw-like plates 7, to advance 
the material away from the chute 3 and through 
the grizzly 3 into the abrading chamber A. 
Within the chamber D is received an assembly 

consisting primarily of outer baffle plates 5 and 
inner plates 50. While these might be continuous 
from end to end, it is much preferred that they 
be composed of a series of individual plates, sepa 
rated from each other endwise but connected for 
handling as an unit. This permits freer circu 
lation of the material and better mixing and 
stirring up of all parts of the sludge as it passes 
through this chamber D, and this eddying action 
is forwarded by inclining the edge of each plate 
which is distant from the discharge end. All 
these plates, however, are disposed in generally 
axial planes within the chamber D, and are 
spaced angularly from each other. The plates 
5 are directed radially inward from the inside 
wall of the shell 2, and the plates 50 are directed 
radially outward from a central core 5 of brass 
or like nonmagnetic material, disposed axially 
within the chamber. Rigidly supported upon this 
core are spiders 52 and 53, forming part of the 
assembly, of conductive but nonmagnetic ma 
terial, as bronze. The plates 5 and 50 are pro 
vided at their longitudinal edges with binding or 
marginal plates 54, which may be brass rails, slit 
to receive the edges of the plates, and these mar 
ginal rails support all of the plates lengthwise 

3 
rent is conducted to these contact rings by suit 
able brushes diagrammatically illustrated in Fig 
ure 7, and by switching arrangements diagram 

O 

15 

20 

25 

30 

of the chamber D which lie in a common plane, 
for slidably removing or replacing them. Each 
such baffle is supported in the spiders 52 and 53, 
properly aligned and spaced lengthwise of the 
chamber, the spiders having guides receiving the 
edging strips 54. The whole assembly is received 
within the open end of the chamber, the end bell 
20 having been swung aside. When it is de 
sired to remove the baffles, they are individually 
slid endwise out of their supporting frame, for 
it is scarcely practicable to remove the entire as 
sembly as an unit. The plates must be removed 
from time to time, since, being amalgam-coated 
plates, they must be scraped to remove the values 
collected or deposited thereon from time to time. 
The core 5 is part of the assembly of which 

the plates 5 and 50 are also a part. All are elec 
trically connected to a common source, to be 
given a negative charge, for example. The en 
tire assembly may be considered as an electrode, 
charged negatively by a connection adjacent the 
discharge end. This core is preferably hollow, 
and within it is a magnetic core 70 surrounded 

Preferably there by electromagnet windings . 
are a number of such windings, independently 
energizable in the direction of the axis of the 
chamber D. Within the core T0 is a brass pipe 

matically shown in Figure 8. It is sufficient to 
state that the coils 7 are controlled by reversing 
switches 77 which may be manually, or which are 
preferably automatically, controlled in any suit 
able manner to deenergize the coils periodically 
and to reverse their polarity when again they are 
energized, repeating this deemergization and re 
versal periodically. Similarly the coils 6 are con 
trolled by reversing Switches 66 to accomplish 
the same result for these coils, and the switches 
66 and 77 are preferably SO operated or connect 
ed for operation that the cooperating coils 6 and 
are simultaneously energized and deemergized 

and reversed. The operation is also so arranged 
that in the direction of movement of the sludge 
the first pair of cooperating coils is energized, 
then the next, then the next, and so on, to the 
discharge end, so that, movement of the sludge 
containing magnetic material is controlled 
through the depositing chamber. In similar 
fashion the abrading chamber is surrounded by 
a coil. 63, energized through collector rings 64, 
for use under some circumstances, and this may 
be deemergized, when used, periodically or from 
time to time, to permit advance of the ore. 
As has been suggested, the particles are ion 

ized, and are preferably given a positive charge 
while still in the abrading chamber. Any suit 
able means to this end may be employed. For 
instance, a contact ring 8 is provided, grounded 
to the shell and connected to the positive side 
of a high-voltage, low-amperage current source. 
As shown in the electrical diagram, current is 
supplied from a 110-volt main through a step 
up transformer which may convert it into a cur 
rent of, let us say, 2000 volts and a few milli 
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79 for a purpose which will appear hereafter. 
It is preferred that the chamber D be also sur 
rounded by electromagnet windings 6, and pref 
erably, considering zones defined by axially 
spaced transverse planes, there is in each zone 
a winding 7 and a winding 6 which cooperate 
with each other, but which are differently con 
trolled or energized from other such pairs of 
windings. 

For the supply of current to the core windings 
7 I provide a plurality of contact rings. 72, prefer 
ably arranged in pairs, one for each end of each 
such winding T, and for the supply of current to 
the corresponding windings 6 I provide pairs of 
contact rings 62. These are connected by suit 
able conductors (not shown) to the respective 
windings by which they are energized, and cur 5 

amperes, and it is then conducted through a 
rectifying tube, and the positive side of this cur 
rent source is connected to the contact ring 8. 
The negative side of the same source is connected 
to the plate assembly, and 'this may be accom 
plished by providing a special contact ring 80, 
which is connected by the screw 81, insulated 
from the shell 2, but extending through it to con 
tact with that spider 52 nearest the discharge 
end. Each spider is in electrical contact with 
the edge rails 54 of the respective plates, and 
each plate is in electrical contact with these 
binding or edging strips or rails, and consequent 
ly all the plates are charged negatively relative to 
the shell . The shell 2, however, is coated on 
itS inside with rubber, and is thereby insulated 
from the plates 5 and 50, and as a result the 
values, charged positively within the abrading 
chamber by contact with the chamber wall or 
with the abrading elements in contact with the 
latter, are attracted to the negatively charged 
plates when they enter the depositing chamber, 
as will appear hereafter. All parts and all sur 
faces within the shell 2, except the amalgam 
coated baffles, and perhaps the combs hereafter 
referred to, are coated with rubber or otherwise 
insulated. This serves the dual purpose of 
avoiding electrical contact with the material of 
the shell 2, and of avoiding quick wearing away 
of the shel or of its liner by abrasion. The 
amalgam-coated plates are not rubber-coated, 
since the amalgam surfaces must be exposed to 
the material, but substantially all other parts 
are SO. covered or coated with rubber, as is made 
clear in the drawings. 
Spaced lengthwise of the depositing chambe 



plained hereafter. 

4. 
D, and interposed between angularly spaced 
groups of plates, are elements which resemble a 
comb, and which are so designated, and which 
are to be distinguished by the numerals 9. These 
Combs are preferably not rubber-coated. These 
combs, of magnetizable material, are disposed, it 
will be remembered, in a magnetic field formed 
Consequent upon the energization of the magnet 
windings or , or both. Being of magnetizable 
material, these combs become magnetized, and 
assist considerably in achieving proper separa 
tion and deposition of the values, as Will be ex 

Also for purposes which will 
appear hereafter, it is desirable to permit the 
combs to be positively electrically charged, when 
this is desirable (as when an electrolytic action 
is desired or required), and to that end I pro 
vide contact rings 90 which are electrically con 
nected to the combs, and to the positive side of 
a current source. O 
may be connected to every other comb, and the 
other contact ring 90 to the alternate combs. 

It is desired to refer to certain details here. 
For instance, the shells and 2 are not directly 
connected, but rather through a spacer and co 
pling element consisting of the annular channel 
like element 4, 5, made in two parts which are 
hinge together at f6, and held together by suit 
able clamping means 6', and each is held by 
suitable clamping bolts (not shown) seated in 
the radial slots 5' of the flanges of the coupling 
ring, to flanges formed upon the abutting ends 

One of the contact rings 90. 

O 
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of the respective shells f and 2, and having reg 
istering slots and 29' wherein the clamping 
bolts seat. By swinging aside one or the other 35 
of the halves 4 or 15 the grizzly element 30, 
which is smaller than a diameter, may be re 
moved and balls may be taken Out or replaced 
therein. Also by Swinging aside one or the other 
of these halves 4 or 5 a screen element may 
be removed or replaced on the side towards the 
depositing chamber, D. w 

It is also desired to point out that water may 
be supplied at the elbow 3 by a suitable water 
supply valve and inlet, indicated at 100, and the 
pipe 79, enclosed within the iron core 70, is also 
a water supply pipe, and may be connected 
through the depositing chamber and core to dis 
charge at the feed end of that chamber, but 
preferably water is supplied by a swing spout 
nozzle fol, swiveled at 02 to a supply pipe 3. 
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Ore, alone or accompanied by water or by an 
electrolyte, as conditions may require, or by ner 
cury, is fed into the shell, while the latter is ro 
t8ting, through the spout 3, or any equivalent 
means. The electrolyte may be natural sea wa 
ter or other saline solution. Mercury in small 
amounts would normally accompany the ore, 
with or without the water or electrolyte. Cur 
rent is normally supplied to the contact ring 8 
and to the contact ring 80, thus applying charges 
of Opposite sign to the material as it passes 
through the machine and to the plates. Cur 
rent is also supplied, normally, to the coils 6 and 
7, in the manner explained above. It may be 
pointed out also that the shell may likewise be 
surrounded by an electromagnet coil, if desired, 

- but this in practice has not been found to be 
necessary, except when operating upon magnetiz 
able material, such as magnetite, or uponi an ex 
tremely hard-grinding ore with magnetizable 
grinding elements f. In such cases a coil about 
the shell creates a powerful crushing effect on 
the grinding elements, and greater force with 
less Weight of such elements, 
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As the material passes through the abrading 

chamber A it is acted upon by the abrading ele 
ments therein, and the materials are ground or 
polished. The grinding surfaces being positively 
charged, this positive charge is impressed upon 
all the material as it comes into contact with 
such surfaces, and the materials are thereby 
ionized. . . . 
Assuming proper abrasion of the ores to reduce 

them to a sufficiently fine degree, and to remove 
surrounding or clinging material or film, they 
pass through the grizzly 3, 30, and through any 
screening means adjacent the same, into the de 
positing chamber D. Here the values, being ion 
ized and charged of one sign, are attracted to the . 
Oppositely charged plates, and are caused to mi 
grate through the sludge towards these plates. 
This action is assisted by the maghetization of 
the comb fingers 9, for they form magnetic fields 
between them, parallel to the plates 5 and 50, 
and these magnetic fields tend to project all the 
ionized particles at right angles, and therefore 
towards the face of the plates. By such means, 
as well as by the affinity of particles of value 
for the amalgam plates, and as well by the me 
chanical stirring and interaction of the plates 
upon the sludge, the shell rotating at 28 to 45 
R. P.M., the values are attracted to and deposit 
ed upon the plates, but whereas the values im 
mediately amalgamate and stick to the plates, 
the remainder are washed of and pass out the 
end bell 20. The magnetic particles of the 
sludge are ionized, but these are not projected by 
the magnetic field as are the particles of values, 
since the magnetic attraction of the combs is 
greater than the repulsion of charged particles 
under these conditions. Thus there is a positive 
separation occurring in this chamber by reason 
of the magnetic fields and the arrangement of 
the parts, and by reason of the ionization oppo 
sitely of the plates and of the particles of values, 
and by reason of the water, or, in proper cases, 
of electrolytic action. 

Progress of the sludge through the depositing 
chamber is controlled by the alternate energiza 
tion, deemergization and reversal of the axially 
successive windings 6 and T, for progress of the 
magnetic' material. is not facilitated while any . 
given magnetic field is in operation, tending to 
hold it back, but upon destruction of that mag 
netic field, by deenergization of those particular 
magnets, the particles in that particular zone of . 
the depositing chamber are free to be attracted 
into the next successive zone by the energization 
of the magnets in that particular zone, to be 
propelled by the baffles and by rotation of the 
shell. w 

It may be also that a certain electrolytic ac 
tion takes place, by breaking down of sodium 
chloride, for instance, and by replacement of 
other metals in ores by the freed sodium which 
has been amalgamated onto the plates, and the 
deposition of the metals thus freed. However, 
the strength of the current is so small that it is 
more probable that the action is, as described 
above, an electro-deposition because of the op 
posite sign of the particles and of the plates. 
Gold, platinum, silver and the like are of the 
electro-chemical series and positively charged 
elements, and are attracted or drawn by nega 
tively charged elements or parts. Such tend 
encies are greatly activated or increased in pass 
ing through the magnetic fields, accompanied by 
the high-voltage direct current, and under this 

7S condition the particles of the values are more 
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strongly drawn to the negatively charged amal 

' gam baffles, and thereon are readily deposited. 
By reason of the combination of forces acting 
upon them the values are deposited as indicated 
above, and the ore passes out as gangue at a high 

S 
the abrading media to the depositing plates, the . 
interfering natural chemical combinations are 
caused to separate and recombine with the free 
chlorine as in the case of sodium chloride, where 

rate of speed. . A little mercury may be added 
with the incoming ore from time to time to sup 
plement that, which is absorbed or filled by the 
values being deposited thereon, or to replace that 
upon the plates. To assist in moving the gangue 
through the chamber, for lubrication as it were, 
more or less water may be supplied through the 
nozzle to and the pipe 79, or past the supply 
valve at 00, depending on whether it is neces 
sary to have more water in the abrading cham 
ber or in the depositing chamber, or both. From 
time to time, as the values are collected upon the 
plates, the shell is stopped and opened, and the 
values are removed from the plates. 

In recovering metallic gold from sand, rock or 
other material and when it is in the free or 
metallic state and especially when confined in 
quartz or similar ores, in some instances referred 
to as “free milling ore,' said ore is put thitough 
a crusher to reduce it to small size and then run 
through a tube or ball mill to further reduce 
the ore or rock, thereby freeing the particles of 
metal confined therein. While it is being ground 
to a fine mesh in the tube or rod mill, it is some 
times customary to feed mercury in small quan 
tities periodically in order to force analgama 
tion or a coating of the mercury on the particles 
of gold, thereby causing or attempting to cause 
a quicker and more positive adherence to the 
amalgam plates situated in such a position that 
these said particles come in contact with them. 
with as great an impact as possible. By grind 
ing mercury and ore together, the mercury is 
fioured, thereby creating a difficult problem of 
again consplidating the extremely fine particles 
of amalgam (gold, silver, etc., coated or amal 
gamated with mercury) on the plates. 

It appears that the so-called sulphide ores of 
gold, especially, contain the gold in an extremely 
finely-divided state in the iron pyrite in the said 
ore, and not in combination. It all depends upon 
what other elements are associated in a free or 
combined state as to whether an ionic charge 
can be depended upon to separate the values or 
whether a chemical electrolyte must be used or 
added to the water in the abrading chamber to 
breakdown the metal to be recovered. For in 
stance, there may be used, in addition to the 
metallic mercury, a sodium compound such as 
NaOH which has a cleansing effect when the is 
device is operated for ionic charging of the par 
ticles to be recovered, and such a compound de 
stroys many interfering substances in the ore, 
At the same time, NaOH keeps the plates in a 
clean, activated state. In the case of recovering 8 
of platinum, the process is reversed; that is, a 
heavier current flow with lower voltage is used. 
in this case, the current flow is of such an in 
tensity as to momentarily deposit metallic sodi 
um in the amalgam upon the depositing plates, 6 
thereby causing an affinity for platinum. As 
water destroys metallic sodium there is a con 
tinual deposition and destruction of the metal 
lic sodium. By this action the mercury is main 
tained in such an activated state that it has an 
affinity for the platinum or like metals. 

Referring to the so-called sulphide ores, I have 
found that by using different sodium compounds 
besides sodium hydroxide, as for instance Sodium 

as the sodium generally combines with the mere 
cury. As gold is most difficult to keep in chem 
ical combination, this disturbing electronic or 
electrolytic effect gives it the impetus to sepa 
rate, and its affinity for mercury causes it to 
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combine therewith. Since the abrading elements 
are the positively charged terminal it follows 
that all materials passing through or coming in 
contact therewith become positively charged 
also. It is known that a positively charged or 
ionized particle will travel or be attracted to a 
body of the opposite polarity, such as the de 
positing plates, which are of negative polarity or 
Slg. W w 

It is to be remembered that all matter or sub 
stance is composed of electrons and protons, 
which probably is electricity itself. A proper ap 
plication of given forces (electrical, chemical, me 
chanical, etc.) to the matter to be treated, as in 
the case of the recovery of precious metals from 
their ores or the Substance with which they are 
mixed, will cause certain reactions to take place 
and put them in a condition to be recovered or 
refined. This being true it follows from the novel 
arrangement of force in the various combinations 
possible with this mill that many operations are . 
eliminated and recoveries made possible that were 
heretofore not economically possible. These 
combinations are too numerous to mention here. 
Breaking down NaCl with electric energy, to acti 
vate mercury, is not a new discovery, but the 
present application of this known process is new 
in that it is of a nature to be economically ap 
plicable. In cases where the metal to be recov 
ered (gold, for instance) is in the free state and 
combined with tellurium, by using metallic mer 
cury, NaCl, and bichloride of mercury and grind 
ing these with the ore upon a charged plate or 
charged media, which also acts as the positive 
terminal, a chemical action is caused to take 
place, breaking down the NaCl, mercury bichlo 
ride gold telluride and free gold to tellurium 
chloride, and the gold, mercury and sodium com 
bine in minute particies in the metalic state, 
whereas the sodium, chlorine and tellurium chlo 
ride are washed out of the amalgam leaving some 
Sodium and the metallic mercury-gold amalgam 
upon the depositing plates to be removed and re 
fined in the usual way. Metallic sodium upon 
any amalgam plate increases the affinity of the ". . . 

is mercury for the salts or metals that it will com 
bine with. 

Referring to the effect of magnetic influences 
upon matter, I might say that it depends upon 
whether the matter is dormant or in motion. In 
this particular instance, the lines of force are 
axially of the cylinder and the flow of material 
is also axially, but in a whirling movement that 
cuts through the lines of force. Owing to the 
presence of an electrical charge upon the parti 

scles thus moved within the magnetic field, a force 
Will be set up which tends to move the particles 
at right angles to the magnetic field, away from 
the strongest portion of the field, and said 
charged meterial acted upon by such force, is pro 
jected towards and tends to hit the depositing 
plates and there to adhere. Once stuck to the 
piates, they no longer cut the lines of force and 
are therefore no longer under the influence of 
the inductive action for the reason that they no 

chloride, and an electric current passing from 75 longer cut the lines of force but are traveling with 
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it. The magnetite being of a nature to be mag 
netizable to a strong degree is held to the combs 
and gets very little induced electrical energy be 
cause they do not cut the lines of force to any 
great extent in their passage through the field, 
as is readily seen from a close study of the na 

The only electrolysis that takes place is 
in the breaking down of the chemicals used and 
the breaking down of the chemicals found in the 
ore, if any. The deposition of the metallic met 
als is not electro-plating, but enforced amalga 
mation. 
What I claim as my invention is: 
1. Mechanism for recovering values, as gold, 

from ore, comprising a rotative shell, a plurality 
of amalgam-coated baffles therein, rotative with 
the shell and contacted by the ore as the shell 
rotates, insulating means between the baffles and 
the shell, and means including an external cur 
rent source having one terminal connected to the 
baffles to impress a charge of one sign thereupon, 
and its other terminal arranged to impress a 
static electric charge of opposite sign upon the 
ore particles, to charge the ore particles and the 
baffles with a difference of electric potential, 
thereby to assist deposition of the values upon 
the baffles, 

2. A device for recovering values, as gold, from 
ore, comprising a rotative shell, a plurality of 
amalgam-coated baffles disposed generally radial 
ly about and lengthwise of the shell, means to 
charge the ore particles and the baffles with a 
difference of electric potential, magnetizable 
combs disposed in generally radial planes between 
the baffles, and means to create magnetic fields 
adjacent said combs and disposed generally co 
planar therewith. 

3. A device for recovering values, as gold, from 
ore, as magnetite, comprising a rotative metal 
shell, an assembly removably received therein and 
comprising a hollow nonmagnetic core, an elec 
tromagnet axially disposed therein, a plurality of 
angularly spaced amalgam-coated baffles, said 
baffles being all electrically connected, insulating 
means supporting said assembly from the shell, 
and means to produce a difference of electric po 
tential between the baffles and the Ore particles 
Within the shell. w 

4. A device for recovering values, as gold, from 
ore, as magnetite, comprising a rotative metal 
shell, an assembly removably received therein and 
comprising a hollow nonmagnetic core, an elec 
tromagnet axially disposed therein, a plurality 
of angularly spaced amalgam-coated baffles, part 
thereof extending inward from the shell, but not 
to the core, and part thereof interposed between 
the first-mentioned baffles and extending outward 
from the core, but not to the shell, said baffles 
being all electrically connected, insulating means 
Supporting said assembly from the shell, and 
means to produce a difference of electric poten 
tial between the baffles and the ore particles with 
in the shell. - 

5. A device for use in recovering values from 
ore, comprising a rotative shell of conductive ma 
terial, screening means within the shell, between 
its ends, dividing the shell into. an abrading 
chamber and a depositing chamber insulated 
therefrom, an electric current Source grounded 
to the abrading chamber, abrading means within 
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fles, whereby the current in the depositing cham 
ber passes from the charged ore. particles to the 
baffles. 

6. Mechanism for treating ore comprising a 
rotative cylindrical shell having two axially 
spaced parts, sizing means disposed transversely 
adjacent the adjoining ends of the two parts to 
define a first or abrading chamber and a second 
chamber, said sizing means including two con 
plemental apertured plates, adjoining along a 
chordal line less than the internal diameter of 
the shell, and a connecting ring joined to and 
spacing apart each of the shell parts, and includ 
ing two substantially half-round sections and 
means to removably connect then at their ad 
joining ends, whereby access may be had to the 
smaller sizing plate for its removal, and to the 
two chambers. " 

7. Mechanism for recovering values from ore, 
comprising a rotative cylindrical shell having two 
axially adjoining but electrically insulated partS, 
an apertured plate at their junction to divide 
the shell into an abrading chamber and a de 
positing chamber, value-attractive surfaces with. 
in and electrically insulated from the abrading 
chamber, and a current Source having a terminal 
grounded to the abrading chamber to charge 
ore particles therein, and its other terminal elec 
trically connected to the value-attractive sur 
faces, to charge the latter oppositely to the 
particles. 

8. Mechanism for recovering values from ore, 
comprising a rotative cylindrical shell having 
two axially adjoining but electrically insulated 
parts, an apertured plate at their junction to 
divide the shell into an abrading chamber and 
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a depositing chamber, Value-attractive surfaces 
Within and electrically insulated from the abrad 
ing chamber, a current Source having a terminal 
grounded to the abrading chamber to charge ore 
particles therein, and its other terminal elec 
trically connected to the value-attractive sur 
faces, to charge the latter oppositely to the 
particles, and means to create magnetic fields 
within the depositing chamber disposed generally 
parallel to Such Surfaces. --- 

9. Mechanism for recovering values from ore, 
comprising a self-sustaining rotative cylindrical 
shell, guide means therein including spiders 
Spaced axially of the shell, and having aligned 
guides, value-attractive baffles received in said 
guides for axial sliding movement relative to the 
shell, and disposed in two series, the baffles of 
One Series extending radially of. the axis, but not 
to the shell, and the baffles of the other series 
being interposed between baffles of the first series 
and extending radially inwardly from the shell 
but not to the axis. 

10. Mechanism for recovering values from Ore, 
comprising a self-sustaining rotative cylindrical 
shell, a framework therein comprising an axial 
core and Spiders rigid therewith and spaced 
therealong, said framework defining a plurality 
of axial, radiating guides, and value-attractive 
baffles of less width than the radial distance 
between the core and the shell, separate from 
the shell and slidably received in said guides, 

70 the abrading chamber, amalgam-coated baffles. 
disposed within the depositing chamber, and ro 
tative with the shell to be contacted by the ore 
as the shell rotates, said electric current source 

One such baffle extending from the core towards 
but not to the shell and the next one from the 
shell but not to the core, and so on alternately 
about the framework. ... ' 

11. Mechanism as in claim 9, the shell having 
a plurality of recesses in its inner Wall opening 
away from its discharge end, wherein, by length 

having its opposite terminel connected to the baf- 75 wise movement of the framework, are received 
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the ends of the spiders, and means to secure 
the spiders in said notches to prevent uninten 
tional withdrawal of the framework. 

12. Mechanism as in claim 9, the baffles being 
formed of a plurality of plates spaced lengthwise, 
and binding strips engaging the inner and outer 
edges of the several plates constituting a single 
baffle, to hold them in spaced relation, the bind 
ing strips cooperating with the guides, for 
handling and slidably removing and replacing 
the baffles. . 

13. Mechanism as in claim 9, the baffles being 
formed of a plurality of plates spaced length 
wise, and binding strips engaging the inner and 
outer edges of the several plates constituting a 
Single baffle, to hold them in spaced relation, the 
binding strips cooperating with the guides for 
handling and slidably removing and replacing 
the baffles, and the edges of the individual plates 
which are distant from the discharge end of the 
shell being angularly disposed relative to the 
Shell's axis. 

14. Mechanism for recovering values from ore, 
comprising a rotative shell, a plurality of value 
attractive baffles arranged therein in radial 
planes, for rotation with the shell and for con 
tact with the ore during such rotation, means 
to produce a plurality of electromagnetic fields 
within the shell, extending generally, in radial 
planes intermediate the baffles, and means to 
impress electrical charges of opposite sign upon 
the baffles and upon the material within the 
shell, whereby upon rotation of the shell to cut 
the lines of magnetic force with the charged 
particles of ore, thus to impel them away from 
the magnetic fields, and towards the baffles. " . . 

15. Mechanism for use in recovering values 
from ore, comprising a rotative shell, screening 
means within the shell, between its ends, divid 
ing the shell into an abrading chamber. and a 
depositing chamber, dielectric means insulating 
the abrading chamber from the depositing cham 
ber, abrading means within the abrading cham 
value-attractive baffles within and electrically, in 
sulated from the depositing chamber, and rota 
tive with the shell to be contacted by the ore 
as the shell rotates, and an electric current 
Source having its opposite terminals electrically 
connected to the baffles and to the ore, whereby 
the particles of values, within the depositing 5 
chamber, are attracted by the oppositely charged 
baffles. 

16. Mechanism for use in recovering values . 
from ore, comprising a rotative shell, screening 
means within the shell, between its ends, divid- : 
ing the shell into an abrading chamber and a 
depositing. chamber insulated therefrom, abrad 
ing means within the abrading chamber, value 
attractive baffles within and electrically insulated 
from the depositing chamber, and rotative with 
the shell to be contacted by the ore as the shell 
rotates. an electric current source having its op 
posite terminals electrically connected to the 
baffles and to the ore, whereby the particles of 
values, within the depositing chamber, are at 
tracted by the oppositely charged baffles, and 
means to create a plurality of magnetic fields 
within the depositing chamber, each disposed 
as a screen athwart the path of movement of 
the ore particles, as the shell rotates, whereby 
the charged particles, cutting the lines of force, 
are impelled towards the oppositely charged 
baffles. 

17. Mechanism for recovering values from ore, 
comprising a rotative cylindrical shell, value 
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attractive baffles separate from and disposed 
within the shell in planes which lie generally 
radially of the shell, and axial guide means in 
cluding spiders disposed transversely of the shell, 
organized and arranged to permit individual 
batties to be withdrawn endwise from the shell. 

18. Method of recovering values from ore in 
finely divided state which comprises impressing 
a static electric charge upon the particles, im 
pressing an electric charge of opposite sign upon 
value-attractive surfaces, and in producing rela 
tive movement between the charged surfaces and 
particles, whereby the values migrate to and are 
held upon the Surfaces. 

19. Method of recovering values from ore in 
finely divided State, in the presence of an elec 
trolyte, which comprises impressing a static elec 
tric charge upon the particles, impressing an 
electric charge of opposite sign upon value 
attractive surfaces, and in producing relative 
movement between the charged surfaces and the 
particles, whereby the values migrate to and are 
held upon the surfaces. - 

20. Method of recovering values from ore in 
finely divided state which comprises impressing 
a static electric charge upon the particles, im 
pressing a charge of opposite sign upon value 
attractive surfaces, subjecting the surfaces and 
the ore, while in intimate association, to a mag 
netic field, and in producing movement of the 
particles relative to the charged surfaces and 
transversely of the magnetic field, whereby the 
Vaiues, under the influence of such movement 
and of the magnetic field, migrate to and are 
held upon the surfaces. - 

21. Method of recovering values from ore in 
finely divided state which comprises impressing 
a static electric charge upon the particles, im 
pressing an electric, charge of opposite sign upon 
surfaces in intimate association with the par 
ticles, applying a value-attractive coating to the 
surfaces to hold values attracted thereto, and 
producing relative movement between the sur 
faces and the particles, whereby the values mi 
grate to the surfaces, to be held thereupon by 
the COating. 

22. Method of recovering values from mag 
netic ore in finely divided state which comprises 
impressing an electric charge upon the ore par 
ticles, impressing an electric charge of opposite 
Sign upon value-attractive surfaces in intimate 
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association with the particles, producing a mag 
netic field between other surfaces spaced from 
the value-attractive surfaces, and which are 
within the Ore, to repulse electrically charged 
non-magnetic values, moving relative to the 
magnetic field, towards the value-attractive sur 
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faces, and to attract magnetic particles and sep 
arate them from the non-magnetic values, and 
producing relative movement between the par 
ticles and each such type of surface, whereby 
the values migrate to and are held by the value 
attractive surfaces, ' ' ... 1 

23. Mechanism for recovering values from ore, 
comprising a value-attractive surface disposed to 
contact ore particles, means to impress an elec 
tric charge upon the ore particles and upon the 
value-attractive surface, of opposite sign, means 
to produce a magnetic field, and means to pro 
duce relative movement between such field and 
the mass of charged particles, in a direction 
which is transverse to the magnetic lines of 
force, and which has a substantial component 
normal to the value-attractive surface, to impel 



S 
the charged particles, by repulsion as they cut 
the lines of force, towards said surface. 

24. Mechanism for recovering values from ore, 
comprising an amalgam-coated surface disposed 
to contact the ore, direct-current means to in 
press an electric charge upon the ore particles 
and upon the amalgam-coated surface, of oppo 
site sign, means to produce a magnetic field 
wherein the lines of force define, in gteral, a 
plane which is generally parallel to said amal 
gam-coated surface, and means to produce rela 
tive movement between such field and the mass 

2,287,804 
including in its circuit the electrodes and the 
electrolyte, means to effect advance of the par 
ticles from one electrode towards the other, and 
means to create a magnetic field embracing the 
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of charged particles, in a direction transverse to 
the plane defined by the lines of force, whereby . 
as the charged particles cut the lines of force 5 
they are repelled from such plane, and are im 
pelled towards the amalgam-coated surface. 

25. Mechanism for recovering values from par 
ticles of ore, comprising a value-attractive sur 
face, means to impress a static electric charge 
upon the ore particles, differing from the electric 
potential of said surface, and means to bring the 
surface and the charged ore particles into Con 
tact, whereby the statically charged values in the 
ore are attracted to the surface by the difference 
in electric potential. 

advancing particles, and through which they ad 
vance, of such polarity as to alter the normal 
rate of advance of the magnetic particles. 

30. Mechanism for recovering values from par 
ticles of magnetic ore, comprising a value-attrac 
tive surface, means to effect advance of the par 
ticles in the direction of the plane of and in con 
tact with Said surface, and means to create a 
magnetic field embracing the advancing par 
ticles, and through which they advance, of such 
polarity as to alter the normal rate of advance 
of the magnetic particles, means to impress static 
electric charges of opposite sign upon the surface 
and upon the ore particles, respectively, and 

: means to create a second magnetic field, trans 
20 

25 

26. Mechanism for recovering values from par 
ticles of ore, comprising a rotative shell, a plu 
rality of baffles therein, rotative with the shell 
and contacting the ore as the shell rotates, means 
to impress a static electric charge of one sign 
upon the ore particles, and means to impress an 
electric charge of opposite sign upon the baffles, 
whereby the statically charged values in the ore 
are attracted to the baffles by the difference in 
electric potential. 

27. Mechanism for recovering values from 
particles of magnetic ore, comprising a value 
attractive surface, means to impress a static 
electric charge upon the ore particles, differing 
in electric potential from said surface, means to 
bring the surface and the charged ore particles 
into contact, whereby the statically charged 
values in the ore are attracted to the surface by 
the difference in electric potential, and means to 
produce a magnetic field acting upon the mag 
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verse to the direction of the ore's advance, and 
generally parallel to the value-attractive surface, 
to impel electrically charged values, by repulsion, 
towards the oppositely charged surface. 

31. Mechanism for recovering values from ore, 
comprising a self-sustaining rotative cylindrical 
shell, a plurality of radially disposed baffles pro 
jecting from the shell's wall inwardly towards 
but not to its axis, means supported within the 
shell and guiding each baffle for independent end 
wise removal, a second series of baffles disposed 
radially, intermediate the first baffles, and pro 
jecting from the shell's axis outwardly towards 
but not to the circumferential wall, and similar 
guide means Supporting each baffle of the second 
series for independent endwise removal, 

32. Mechanism for recovering values from ores, 
comprising a rotative shell, a set of value-attrac 
tive surfaces generally radially disposed within 
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netic particles of the ore to restrain their move 
ment, by electro-potential attraction, towards the 
surface. 

28. Mechanism for recovering values from par 
ticles of ore, comprising an amalgam-coated sur 
face, means to impress a static electric charge 
upon the ore particles, differing from the elec 
tric potential of said surface, and means to bring 
the surface and the charged ore particles into 
contact, whereby the statically charged values 
in the ore are attracted to the surface by the 
difference of potential, and are held there by 
the value-attractive characteristics of the amal 
gam coating thereon. 

29. Mechanism for recovering values from par 
ticles of magnetic ore, comprising two opposite 
electrodes disposed in contact with the ore par 
ticles, a saline electrolyte including the electrodes 
and the ore particles, an external current source 
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and supported from the shell for rotation there 
with, and comb-like fingers defining planes which 
are generally radially disposed within the shell 
and supported, intermediate adjoining value-at 
tractive surfaces, from the shell, for rotation 
therewith. 

33. Mechanism for recovering values from ores, 
comprising a rotative cylindrical shell, a set of 
aEmalgam-coated baffles generally radially dis 
posed within the shell, means supporting each 
of said baffles for rotation with the shell, and for 
individual removal lengthwise from the shell, and 
comb-like fingers defining planes which are gen 
erally radially disposed within the shell, inter 
mediate adjoining baffles, and supported from the 
shell for rotation therewith. . . 

34. Mechanism for recovering values from ores 
comprising a rotative cylindrical shell, a set of 
amalgam-coated baffles generally radially dis 
posed within the shell, and each formed as a 
series of coplanar, longitudinally spaced plates, 
means supporting. Said baffles removably within 
the shell, for rotation therewith, and a plurality 
of sets of comb-like fingers, radially directed and 
disposed within the shell for rotation therewith, 
and disposed intermediate adjoining baffles. 

HENRY L. JOHNSON. 


