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To all whom it may concern; 
Be it known that i, ARTHUR J. MoxHAM, 

a subject of the King of Great Britain, re 
siding at Wilmington, county of New 
Castle, and State of Delaware, have in 
vented a new and useful improvement in 
Ore-Separating Processes, of which the fol 
lowing is a full, clear, and exact description. 
My invention relates to the well known 

process of separating solids of different spe 
cific gravity, and particularly the metallic 
and silicious constituents of iron ore, by means of a liquid of relatively high specific 
gravity and prefereably a liquid of a specific 
gravity above that of the lighter solid and 
below that of the heavier solid. 

in separating the constituents of iron ore 
by means of a liquid which, for convenience, 
may be referred to as a liquid of mean 
specific gravity, the number of liquid solu 
tions that are practically available is lim 
ited, and of those that are available all are 
quite expensive. It must also be understood 
that the mere fact that a liquid is of a 
specific gravity somewhere between the spe 
cific gravities of the two solids to be sepa 
'ated does not render it most advantageously 
available as a separating medium, where 
gravity alone, unassociated with agitation, 
is relied upon to effect the separation. On 
the contrary, the separating medium, to ef 
fect a proper separation, should not only 
have an intermediate specific gravity but 
should be of a specific gravity that will cor 
respond closely to what is theoretically re 
quired. This is especially true in the sepa 
ration of ore that is uncrushed or is not 
finely crushed. The reason for this will be 
obvious if it is borne in mind that the ideal 
product which it is desired to separate 
should be composed not of pure iron ore but 
of iron ore having a fairly defined propor 
tion of silicious material--such product be 
ing most suitable for smelting. The difficulty of selecting a suitable sepa 
rating medium is further enhanced by the 
fact that different kinds of ore have differ 
ent specific gravities. For this reason, a 
liquid separating medium that is available 
for one kind of ore is sometimes unavailable, 

or undesirable, for another kind of ore. For 
example, a fair specific gravity for a solu 
tion for calcined limonite or hernatite iron 
ore is that of antimony bromid, 3.65. 
many of the other ores, however, for exam ple magnetitic iron ore, as also many of the 
lead, zinc, copper and other mineri is a solu tion with a higher specific gravity would be 
advantageous, while with incaicited ino 
nite a solution with specific gravity inci, over 
3.40 is preferable. Further, it is necessary, 
in order to maintain the fluidity of certain 
separating media, to heat them to, and kee 
them at, an artificial temperature. For ex 
annple, antimony bromid has to be kept at, a 
temperature of approximately 166° C. and 
of course the ore must be inaintained at a 
similar temperature. Of the solutions that 
can be used cold, it is a general rtie tiha 
they are of lower specific gravity than those 
that can be used hot. At the , - -, - . 
it is believed that no solution of a specific 
gravity exceeding about 3.40 can be rised at 
normal temperatures, say in the neighbor 
hood of 30° C. until we come to the very high specific gravity liquid metais, such as 
mercury. Between these two extremes, there 
exists in the present state of our knowledge 
a gap that can only be filled by heated soli 
tions. - The objects of my invention are, first, to 
render available for use as separating me 
diums a number of solutions that isye 
tofore been practically navailable; s 
to enable the use of certaii. of sich solutions 
of relatively low specific gravity 3: ordinary 
temperatures; third, to eii:iiig certain of 
Said solutions to be employed in the separa 
tion of different kinds of ole including the 
heavier, as well as the lighter ores. 
. To effect this object, my in vei) tigi) con 
sists of so treating the ore, preliminarily to 
its immersion in a separating liquid of, Baean specific gravity, as to either educe the spe 
cific gravity of the heavier poi'Éion of the 
material to be separated, o' of both portions, 
heavier and lighter, of such alaterial. 
More specifically, my inventic, consists ii). 

reducing the specific gravity of ire ore by 
coating it with a blanket. iiquid or other 
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material of a specific gravity substantially 
lower than that of the separating liquid. It 
is preferable that the portion which floats 
should also be reduced in specific gravity, 
but is not absolutely essential. In fact, the 
floating portion might even be made heavier 
while the sinking portion is made lighter, so 
long as the increase in specific gravity of the 
lighter portion is not great enough to inter 
fere with its floating. Such practice, while 
possible, is not recommended, however, as 

find the greater the difference in the 
specific gravity of the separable ingredients, 
the more perfect the separation. It will be 
understood that such coating liquid should 
preferably be one that is not miscible with 
the heavier separating liquid and that is also 
a neutral liquid-that is, one that will not. 
chemically react with the separating liquids. 
Preferably, though not necessarily, the coat 
ing liquid is also one that is of less specific 
gravity than the lighter of the two solid con 
stituents. In fact, the lighter the coating 
liquid-assuming that a definite troportion 
of the same adheres to each of tile solid con 
stituents, the greater the reduction in the 
specific gravities of the coated solids. 

It will be understood that a reduction in 
the specific gravities of the solids affected by 
the use of a coating will produce the same 
relative condition as if the specific gravity 
of the separating medium were increased. 
It will also be understood that the rest it will 
be to enable the employment as separating 
mediums, in most instances at ordinary ten 
peratures, of a nimber of relatively light 
liquids that have heretofore not been deemed 
practically available. 

It has been determined that if certain 
grades of ore are wet with a large excess 
of a suitable coating liquid and drained for 
a period of time varying from a few minutes 
to several hours, or even when mechanically 
treated, as, for example, by a centrifuge, it 
retains a considerable proportion of liquid. 
By reason solely of the surface attraction 
between the ore and the coating liquid, a 
proportion of this adherent coating liquid 
Will remain in contact with the solids after 
their immersion in the separating liquid and 
after their removal therefrom following sep aration. 
Having thus disclosed the essential fea 

ture of the invention, I will give several ex 
amples of specific ways in which the inven 
tion may be carried out, it being understood 
that the figures given are not intended to be 
absolutely precise, but are approximate and 
illustratiye only, and that the particular 
coating liquid that will in practice be em 
ployed will have to be selected in view of 
the particular separating solution that is 
used, in view of the particular kind qf ore 
that is to be subjected to the process, in view 
of the relative purity that it is desired that 
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the separated iron constituent shall have, 
and in view of other conditions that may be 
presented in the particular separating proc 
ess that may be employed. 
The coating liquid that may be success 

fully employed to reduce the specific gravity 
of the ore or of the heavier portion thereof, 
will depend upon the nature of the separat 
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ing liquid. For example, when using arsenic 
bronid as a separating medium, concentrated 
sulfuric orphosphoric acid may be used as 
a goating liquid; or if using acetylene bro 
imid as a separating medium water can be 
used as a coating liquid. 
Assume that a solution with a specific 

gravity of about 4.15 would give proper re 
stilts in separating dry herinatite ore with an 
average Specific gravity of about 3.25. The 
learest approach to a liquid of this density 
is, perhaps, antinlony bromid, hereinbefore 
in entioned, which, when liquefied, has a spe 
cific gravity of about 3.65. Assuiné that the 
tre is preliminarily coated with a solution, for example, phosphoric acid, having a spel 
cific, gravity of 1.7 and that the proportion 
of the same that adheres to the solid con 
stituents during separation is ten per cent. 
The result will be to reduce the specific 
gravity of the ore to about 3.73 or say about 

reduction. At the same time this witl re 
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dice the specific gravity of the silica from . 
2.66 to about 2.50. It will be understood that the practical effect of separating an iron re, having an average specific gravity of 
3.3 in a solution with a specific gravity of 
3.65 would be about the same as that of se atting ail iron ore having a specific gravity 
of 2 in a Solution with a specific gravity 
of 4.15. - o 

Assume that it is desired to employ a cold 
solution, such as acetyler bromid of a Spe 
cific gravity of about 2.98, as a Seperating 
indinia for linonite ore of an average spel cific gravity of 3.65. Under ordinary condi 
tions, unless the ore were crushed extremely 
fine, there would be a very poor separation. 
But with 0:'clinary crushing, Say to three 
eighths or one-turier inchinesh, and with 
a coating of Wittel tipplied to the ore, very 
good results are obtained. The addition of 
Water as a coating (assuming that about five 
per cent. Of Water will adhere thereto) will bring the specific gravity of the ore down 
to about 3.2 and of the silica to about 2.4 
and the constituents consequently separate 
Well in a solution of 2.98 specific gravity. 

It is well known that there is much dif 
ference in the adhesion of most liquids to 
different solids. Iron ore is largely made 
up of oxid of iron and silica. Most solu 
tions if directly applied will adhere to oxid 
of iron more tenaciously and in larger 
amount than to silica. h.E. discovered, 
however, that if water, be applied in the 
form of a steam spray the amount retained 
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by the two is about the same, the difference 
in the surface attraction being practically 
overcome. Moreover, hydrofluoric acid and 
caustic soda tend to attack the silica while 
not attacking the iron and thereby also re 
duce if they do not entirely equalize the dif 
ference in surface attraction of the two. It 
is therefore possible to reduce the Specific 
gravity of the heavier constituent (oxid of 
iron) more than of the lighter (silica) or to 
reduce them in relatively the same propor 
tions, ai, wiii. 
A nuinber of other solutions, now more or 

iess impracticabie for use as separating me 
diums, may be successfully and practically 
used, and most of them at ordinary tempera 
tures, if the specific gravity of the ore is re 
duced as hereinbefore described. As exam 
ples of such cold solutions, may be men 
tioned bronoform, acetylene bromid, and 
many of the tungsten solutions, which have 
specific gravities ranging between 2.90 and 
3.20. 

in carrying out my process it will be un 
derstood that the ore can be preliminarily 
wet in any way, as by running the blanket 
liquid over the ore and allowing it to drain 
off for the necessary length of time or by 
passing the ore through a body of the 

icuid, and when necessary after e 

ward treating by centrifuge or otherwise un 
til the reanaining coating is reduced to the 
exact annot necessary. After the Ore is 
coated, the separating process is carried out 
by means of any weii known apparatus, the 
only essential steps being that the coated ore 
shai be placed in a separating tank, in a so 
ution of the proper specific gravity, and 
that the solids that float and those that sink 
shall be reinoved separately by any known 
mechanical means. After the Solids are 
separated, the adherent coating liquid may 
be removed, if necessary, for example, by 
avaporation with heat, or mechanically by 
means of a centrifugal wringer, or other 
wise. A better result is achieved if using a 
heavier separating medium together with a 
minimum reduction of the specific gravity 
of the material to be separated, than if using 
a lighter separating medium and an exces 
sive reduction of the specific gravity of the 
material to be separated. Moreover, in 
either event, the amount of coating material 
must be an exact and predetermined amount. 
The addition of an excessive or irregular 
amount of even so light a coating matterial 
as water is not permissible. 
While the percentage of coating material 

that it is advisable to add varies with differ 
ent coating materials and also with different 
separating liquids and with different ores, 
and therefore no definite percentage exists 
that would be applicable to all conditions, 
still it is important that with a given coat 

i ing liquid, a given separating liquid and a . 

given ore to be separated, the percentage of 
coating liquid that it is useful and at the 
same time practicable to employ must be not 
only fixed and determined within narrow 
limits but must be uniformly and equally 
distributed throughout the mass. The ad 
dition of an uncertain amount of water, or 
other coating material, or its irregular dis 
tribution throughout the mass, will be dis 
advantageous and sometimes fatal. There 
fore the method of adding the coating liquid 
becoines of importance, and wiile 5 do not, 
Wish to limit my process to any particular 
Way of adding the coating liquid the 
Ways hereinbefore mentioned are preferred, 
namely, thoroughly wetting a given amount 
of Solids with the coating liquid and drain 
ing for the proper length of time; or va 
porizing the coating liquid and applying it 
in the form of a spray, or bringing the ex 
cess down to a specific amount by mechani 
cal means such as a centrifuge. Merely 
allowing the ore to be caried by water flow 
ing over a separating medium, which has 
been done heretofore simply for the purpose 
of carrying off the lighter solid constituents, 
would be ineffective in that the ore would 
probably carry with it such an excess of 
Water as to make it impossible to use a very 
heavy liquid as a separating medium, and 
the irregularity of the distribution of the 
coating would be such as to not merely re 
duce the specific gravities of the different 
constituents, but to reduce their specific 
gravities in such an irregular and uncertain 
manner as to obstruct, rather than facilitate, 
the desired separation. 

I have principally described the use of a 
coating medium lighter than either of the 
ingredients to be separated, but it should be 
pointed out that a coating material lighter 
than the heavier ingredient, even though it 
is heavier than the lighter ingredient, can 
be used within certain limits, as have 
found that a difference as small as .10% or 
1/10 between the specific gravity of the in 
gredients and the separating liquid will suf 
fice to effect a good separation. It is gener 
ally practicable and always advantageous, 
however, to increase rather than decrease 
the difference between the specific gravity of 
the ingredients by the addition of a lighter 
coating liquid than either, or at least to re 
duce both as nearly in the same proportion 
as possible, rather than to bring this differ 
ence in specific gravity closer together; 
hence my preference is for the addition of a 
coating material lighter than either of the 
ingredients. 
Having now fully described my invention, 

what I claim and desire to protect by Let 
ters Patent is: 

1. In the process of separating self con 
stituents of lifferent specific gravitis, first 
treating the solids by coating them iyith a 
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2. 

definite percentage of material adapted to 
reduce the specific gravity of each of the 
solid constituents to a predetermined de 
gree, and then immersing them in a liquid 
separating medium. 

2. In the process of separating solid con 
stituents of different specific gravities in a 
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heavy liquid, first treating the solids to re 
duce the specific gravity of each of the solid 
constituents to the extent required to cause 
the separating liquid to have the desired 
specific gravity relative to the specific grav 
ity of each of the solid constituents, and then 
effecting the separation of the solid constit 
uents in such separating liquid. 

3. In the process of separating solid con 
stituents of different specific gravities in a 
heavy liquid, first treating the Solids to re 
duce the specific gravity of each of the solid 
constituents to the extent required to cause 
the separating liquid to have a specific grav 
ity of the desired mean between the respec 
tive specific gravities of the heavier and 
lighter solid constituents, and then effecting 
the separation of the solid constituents in 
such separating liquid. 

4. In the process of separating constit 
uents of different specific gravities in a 
liquid, first intimately associating with the 
separate particles constituting both solid 
constituents other material of lower specific 
gravity than that of the heavier solid con 
stituent, and adding such material in such 
proportion as to cause the separating liquid 
to have the desired specific gravity relative 
to the specific gravity of each of the solid 
constituents, and then effecting the separa 
tion of the solid constituents in such sep arating liquid. 

5. In the process of separating constit 
uents of different specific gravities in a 
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liquid, first intimately associating with the 
separate particles constituting both Solid 
constituents other material of lower specific 
gravity than that of the heavier Solid con 
stituent and lower than that of the separat 
ing liquid, and adding such material in Such 
proportion as to cause the separating liquid. 

' to have the desired specific gravity relative 
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to the specific gravity of each of the solid 
constituents, and then effecting the separa 
tion of the solid constituents in such separat 
ing liquid. 

6. In the process of separating solid con 
stituents of different specific gravities in a 
heavy liquid, first intimately associating 
with the separate particles constituting both 
solid constituents other material of lower 
specific gravity than that of either of the 
solid constituents and lower than that of 
the separating liquid, and adding such ma 
terial in such proportion as to cause the 
separating liquid to have the desired spe p gild. p 

65, 
cific gravity relative to the specific gravity 
of each of the solid constituents, and then 

of the solid constituents with a liquid of 8 
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effecting the separation of the solid constit 
uents in such separating liquid. . 

7. In the process of separating solid coin 
stituents of different specific gravities in 8. 
heavy liquid, first coating the separate par 
ticles constituting both solid ingredients 
with a liquid of lower specific gravity thaa 
that of either of the Solid constituents and . 
lower than that of the separating liquid, 
and adding such coating liquid in such pro 
portion as to cause the separating liquid to 
have the desired specific gravity relative to 
the specific gravity of each of the solid coa 
stituents, and then effecting the separation 
of the solid constituents in such separating liquid. 

8. In the process of separating solid on 
stituents of different specific gravities ii. 
liquid separating medium, first coating each 
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lower specific gravity than that of the liquid 
separating medium, then immersing the 
coated solids in such liquid separating me 
dium having a specific gravity between the 
specific gravities of the two coated constitu 
ents, and then separately removing the solid 
constituents that float and those that sink. 

9. In the process of separating solid con 
stituents of different specific gravities, first 
coating both solid constituents in a liquid 9 
heavier than water but lighter than that of 
the heavier solid constituent, and then ef 
fecting the separation of the solid constitu 

3. 

ents in a liquid separating medium. 
10. In the process of separating solid coa- 93 

stituents of different specific gravities, iii. 
coating both Solid constituents in a iiili 
heavier than water but lighter than that, gi 
the heavier solid constituent, aid their ai 
fecting the separation of the solid cons 
ents in a liquid separating medilia, of a sile 
cific gravity greater than that of the coa 
liquid. 

11. In the process of separating solid con 
stituents of different specific gravities, first 2: 
coating the solids in a liquid heavier than 
water but lighter than that of either of ite 
solid constituents to reduce the specific: 
gravities of each of the soil constituents, 
and then effecting the separation of the said 
constituents in a liquid separating mediuin. 
of a specific gravity greater than that of the 
coating liquid. 

12. In the process of separating solid con 
stituents of different specific gravities, first 
coating both solid constituents in a liquid 
heavier than water but lighter than that of 
the heavier solid constituent, and then ef 
fecting the separation of the Solid constitut 
ents in a liquid separating medium of a spe- i. 
cific gravity between the specific gravities of 
the coated constituents. 

13. In the process of separating Solid con 
stituents of different specific gravities, first 
coating the solids in a liquid heavier tha}. 
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water but lighter than that of either of the 
solid constituents to reduce the specific 
gravities of each of the solid constituents, 
and then effecting a separation of the solid 
constituents in a liquid of a specific gravity 
between the specific gravities of the coated 
constituents. 

In testimony of which invention, I have 
hereunto set my hand, at Wilmington, Del. 
on this 26th day of March, 1912. 

ARTHUR J. MOXHAM. 
Witnesses: 

C. E. SPENCE, 
THOMAS BuRN. 


