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Ty all whom it may CONCErn’

Be it known that I, ARTHUR J. Moxmad,
o 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
aravity above that of the lighter solid and
Lelow that of the heavier solid. .

Tn separating the constituents of iron ore
by means of a liquid which, for convenience,
may be rveferred to as 2 liquid of mean
specific gravity, the number of liquid solu-
ions 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-
rated does not render it most advantageously
available as a separating medium, where
gravity alone, iated i
is relied upon to effect the separation. Un
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-
theoretically re-
quired. This 18 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 suit: ble for smelting.

The difficulty of selecting a suitable sepa-
rating medjum is further enhanced by the
£act that different kinds of ore have differ-
ent specific gravities. . For this reason, 2
liquid separating medium that is available
for.one kind of ore is cometimes unavailable,

unassociated with agitation,
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or undesirable, for another kind of ore. Hor
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example, a fair specific gravity for a soni-

iy

tion for caicined limonite or hematite 1ron
! * ,,q

ore is that of antimony bromid, 3.95.
many of the other ores, however,
ple mqg,netitic iron ove, as also ma:
lead, zinc, copper and other miner
tion with a higher specific gravity < ould be
advantageous, while with uncalcined limo-
nite a solution with specific graviéy not over
3.40 1s prefevable. Further, it is necessary,
in order to maintain the fluidity of certaln
separating mediy, to heat them to, and keep
them at, an artificial temperature. For ex-
ample, antimony bromid has to be kept ab 2

Il

temperature of approximately 100° €. and

of course the ore must be maintained &l a
similar temperature.  Of the solutlong that
can be used cold, it is a general rule that
they are of lower specific gravity than tho

that can be used hot. At the
it is believed that no solution of a sped! i
gravity exceeding about 3,40 can be used af
normal temperatures, say in the i

et

i
neighbor-

hood of 30° C. until we come to the very .

oravity liquid metals, such as
mercury. Detween fhese two extremes, there
exists in the present state of our knowledge
a gap that can only be filled by heated solu-
tions.

" The objects of my invention ave, first, to
render available for use as sej rating me-
diums ¢ that have heve-

,

high specific

nnmber of solutions ©

totore been practically unava fables second,
to enable the use of certain of gueh solations

ot rvelatively low specific gravity st
temperatures; third, to
said solutions to be employ
tion of different kinds of < ;
heavier, as well as the lighter or
- To effect this object, my in:
sists of so treating the ove, preumi arily to
its immersion in a separiiing I uid of mean
specific-gravity, as to either reduce the spe-
cific gravity of the heavier povtion of the
material to be séparated, or of both portions,
heavier and lighter, of such material. S
More specifically, my invention consists in
reducing the specific gravity of ihe ore by
coating it with-a- blanlket

Tiguid ov other
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material of a specific gravity substantially
lower than that of the separating liquid. 1%
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 fo inter-
fere with its floating. Such practice, while
possible, is not recommended, however, as
I find the greater the difference in the

specific gravity of the separable ingredients, -

the more perfect the separasica. L will be

1§ understood that such ceating lquid should

preferably be one that is not miscible with
the heavier sepavating liquid and that is also
a neutral liguid—that is, one that will no¢
chemically react with the separating liquids.
Preferably, though not necessarily, the coat-
ing lignid is also one that is of less specific
gravity than the lighter of the two solid con-
stituents. In fact, the lighter the coating

Jiguid—assuming that a definite yroportion

of the same adheres to each of the solid con-
stituents, the. greater the veduetion in the
specific gravities of the couted 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 result will
be to enable the employment as separating
mediums, in most ingtances at ordinary tem-
peratures, of a number of relatively light
liquids that have hevetofore not been deemer
practically available.

It has been determined that if certain
grades of ore are wet with a large excess
of a suitable coating lignid 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, 14
retains a considerable proportion of hiquid.
By reason solgly 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 aftey
their immersion in the separating liquid and
after their removal therefrom following sep-
aration. ’ .

Having thus disclosed the essentia] feq-
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
illugtrative only, and that the particular
coating liquid that will in practice be em-
ployed will have to be selected ih view of
the particular separating solntion thet is
used, in view of the particular kind of ore
that is to be subjected to the prodess, inyview
of the relative purity that it is desirved 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 emaployed to reduce the specific gravity
of the ore or of the heavier portion thereof,
will depend upon the nature of the separat-
ng

romid as a separating medium, concentrated
suifuric or phosphoric acid may be used as
a coating liquid; or if using acetylene bro-
mid as a separating medium wafer can be
used as a coating lHquid. _

Assume that a solution with a specific
gravity of about 4.15 would give proper re-

“sults in separating dry heraatite ore with an
- average specific gravity of

about 4.25, The
hearest approach to a liquid of this density
is, perhaps, antimony bremid, hereinbefore
mentioned, which, when liquefied, has a spe-
cific gravity of about 8.65. Assiums that the
ore 1s preliminarily coated with a solution,

Hor example, phosphoric acid, having a spe-

cific gravity of 1.7 and that the pz&;ortion
of the same that adheres to the solid con-
stitnents during separation is ten ber cent.
The vesult will be to reduce the specific
gravity of the ore to about 3.73 op say about
5 reduction. At the same time this wiil re-

70

liquid. For examuple, when using-arsenic
i 9 f=1

75

80

duce the specific gravity of the silica from -

266 to about 2.50. Tt will be understood
that the practical effect of separating an iron
ore having an average specific gravity of
3.73 In a solution with a specific gravity of
3.65 would be about the same as that of sep-
arating an iron ore ha ving a specific gravity
of £25 in a solution with a specific gravity
of 4.15. -

Assume that it is desired to employ a cold
solution, such as acetyler~ bromid of a spe-
cific gravity of about 2.8, as a seperating
medinm for limonite ore of an average spe-
cific gravity of 3.65. Tnder ordinary condi-
tions, unless the ore were crushed extremely
fine, there would be a very poor separation.
But with ordinary crushing, say to three-
eighths or one-uicuier inch mesh, and with
a coating of water upplied to the ore, very
good results are obtiined. 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 8.2 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.” TYron 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 silisa. I have 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 surfacé 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) morve than of the lighter (silica) or to
reduce them in relatively the same propor-
tions, at will.

A number of other solutions, now more or
less impracticable 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 sclutions, may be men-
tiened bromoform, 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

tug the orve through a body of the
iquid, and when necessary after-
eating by centrifuge or otherwise un-
emaining coating is reduced to the
amotint necessary. After the ore is

ward
il th
exact
coated, the separating process is carried out
by meang of any well known apparatus, the

only essential steps being that the coated ore
i be placed in a separating tank, in a so-
lution of the proper specific gravity, and
that the solids that float and those that sink
shall be removed separately by any known
mechanical means. After the solids are
separated, the adherent coating liquid may
be removed, if necessary, for example, by
evaporation with heat, or mechanically by
means of a centrifugal wringer, or other-
wise. A better result is achieved if using a
heavier separating medinm 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 tc 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 mdterial
as water is not permissible. -

~ While the percentage of coating material
that it 1s advisable to add varies with differ-
ent coating materials and also with éifferew:

hal
snas

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-
ing liquid, a given seéparating 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
Yimits but must be uniformly and eqgually
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

becomes of importance, and while I 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 & 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 medinm, 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 liguid 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 te 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
conting 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
1s 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 & 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 ecloser together;
hence my preference is for the addition of 2
coating material lighter than either of the
ingredients: o

Having now fully described my invention,
what I ciaim and desire to protect hy Let-
ters Patent is: D
_ 1. In the process of separating selid con-

stituents of gifferent specific gravitids, first

- treating the solids by coating them -iyith a
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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
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-
duoce 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 gravifies in a
liquid, first intimately associating with the
separate particles constituting both solid
constituents other material of Jower 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-
ticn of the solid constituents in such sep-
arating liquid.

5. In the process of separating constit-
uents of different specific gravities in a
liquid, first intimately assoclating. 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 ddding such material in such

proportion as to cause the separating liquid .

' to have the desired specific gravity relative

66

60

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. o

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-

LH

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

i ¢
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effecting the separation of the solid constit-
uents in such separating liquid. -

7.'In the process of separating solid con-
stituents of different specific gravities in ¢
heavy liquid, first coating the separate par-
ticles constituting both solid ingredients
with a liquid of Jower specific gravity than

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 con-
stituents, and then effecting the separaiion
of the solid constituents in such separsiing
liquid. :

8. In the process of séparating solid
stituents of different specific gravities

liquid separating medium, first coating eac

3y

00
&

1

‘of the solid constituents with a liguid of

lower specific gravity than that of the liquid
separating mediom, 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 liguid
heavier than water but lighter than thai of
the heavier solid constituent, and then ef-
fecting the separation of the solid consiis

-ents in a liquid separating medium.

10. In the process of separating solid con-
stituents of different specific gravities, firs
coating both solid constituents in a i
heavier than water but lighter than tha
the heavier solid constituent, and thew
fecting the separation of the solid con
ents in a liquid separating medinm, of &
cific gravity greater than that of the coa
liquid.

11. In the precess of separating solid con-
stituents of different specific gravities,
coatipg the solids in a liquid heavier than
water but lighter than that of cither of the
solid constituents to reduce the specific
gravities of each of the solid constituents,
and then effecting the separation of the solid
constituents in a liquid separating medium
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 thut of
the heavier solid constituent, and then ef-
fecting the separation of the solid constitu-
ents in a liquid separating medium of a spe-
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 than
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water but lighter than that of cither 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. SpeNcg,
Tromas BUrx.



