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This invention relates to a process for sep 
arating solids by flotation, and especially for the 
separation or concentration of ores, and more 
particularly Ores such as carbonates, sulfates, 
and oxides, to which flotation processes hereto 
fore known have not been satisfactorily appli 
cable for the production of concentrates of suf 
ficient purity, with a commercially satisfactory 
recovery. 

In the art of flotation as generally practiced, 
SOrne reagent Or group of reagents is usually em 
ployed which is called the collector reagent, and 
it is generally found that the mineral or min 
erals which have been collected in the froth by 
the flotation process have reacted with this par 
ticular reagent. With some types of minerals 
and collector reagents, this reaction appears to 
be only one of physical adsorption, as in the 
case of a sulfid and an oil considered to be chem 
ically inert. More often in modern practice, 
however, a collector reagent is employed which 
is capable of forming a very slightly soluble 
compound with some intrinsic component or sur 
face ion of the mineral desired to be floated. 
Thus a soluble xanthate, such as sodium ethyl 
Xanthate, is employed as the collector reagent 
for metallic sulfids; such a xanthate has the 
property of forming very slightly soluble metal 
lic Xanthates, probably by direct chemical re 
actance with some of the surface ions of the 
metal or metals in the sulfids to be floated. Col 
lector reagents of this type have the further 
characteristic of being of a dual nature; part of 
their molecule is polar (and water-wettable) 

5 while another part is non-polar (and non-water 
wettable) . Thus, in the case of sodium xan 
thate, the sodium end is polar and the xanthate 
end is non-polar, and similarly, after precipita 
tion as the metallic xanthate, the metallic end 

40 of the molecule is polar while the xanthate end 
remains non-polar. These are heteropolar re 
agents. The property of non-wettability, in the 
exposed part of the molecule, is essential to a 

. Solid substance or its coating, for it to be amen 
able to collection in a flotation froth. 

It is also well-known that oleic acid and cer 
tain other fatty acids, or derivatives thereof are 
effective collector agents for the concentration 
of many minerals by means of the flotation proc 
ess. Oleic acid belongs to the unsaturated fatty 
acid group. The commercial difficulty impeding 
the use of fatty acids, their soaps, or other de 
rivatives for this purpose, has been the impracti 
cability of maintaining sufficient selectivity as 

55 between the Several minerals in the ore being 

(C. 209-67) 
treated, for generally there is more than one 
mineral in the ore which is responsive to Soap 
as a collector agent, so that the separation be 
tween several such minerals is often difficult if 
not impossible. a " 5 
The fatty acids, fatty acid soaps, and other 

fatty acid derivatives, which will be hereinafter 
referred to, in general, as "fatty acid collector 
agents', are collector reagents of the required 
type. First, they are heteropolar compounds. 10 
Secondly, they form heteropolar compounds of 
relatively slight solubility with metallic elements 
(excepting only with the alkali metals, which 
compounds are soluble). Thus oleic acid is a 
particularly effective collector agent in the fiota.- 15 
tion of calcium and barium minerals, and it is 
Well-known that calcium and barium oleates are 
of slight solubility. Calcium and barium miner 
als are not satisfactorily floatable by means of . 
xanthates, because calcium and barium Kan- 20 
thates are quite soluble. The term “metallic 
element' is used herein in its broad sense, as 
including also those elements sometimes re 
ferred to as 'sub-metallic,' and in fact, any 
element capable of forming a soap. r 25 
Though barite (barium sulfate) is readily float 

able by means of oleic acid, for instance, this 
mineral frequently occurs in nature associated 
with limestone and clay, which latter minerals 
are also responsive to flotation by means of fatty 30 
acid collector agents, so that limestone and clay 
congregate in the froth along with the barite, 
thus producing a concentrate of insufficient 
purity. 
Barite may be considered to be responsive to oleic 35 

acid because barium oleate is relatively insoluble; 
the barium ions available on the surface of the 
barite mineral grains react with fatty acid to 
form in this case relatively insoluble barium 
oleate. Furthermore, this reaction proceeds di- 40 
rectly at the surface of the barite mineral grains, 
and the barium oleate being formed directly at 
the surface and within the exposed molecular lat 
tice adheres thereto, with the result that the 
barite mineral acquires a surface which to all 45 
intents and purposes consists of barium oleate. 
Such a surface, being not water-wettable, causes 
the mineral grains coated with it to tend to gather 
in the froth in an ordinary flotation operation. 
Thus a commercially useful concentration may be 50 
brought about by skimming or otherwise removing 
the froth as formed. - 
Many other minerals respond to a fatty acid 

collector agent in the same way and may be so 
floated. Indeed, any mineral in whose surface 55 
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can occur ions which react with fatty. acid col 
lector agents to form relatively insoluble, non 
wettable compounds, or which tends to adsorb 
fatty acid collector agents, responds to flotation 
by Ileans of such fatty acid collector agents. 
Anong Such minerals may be mentioned as exam 
ples those of imanganese, iron, aluminum, tin, 
magnesium, copper, lead, zinc, calcium, barium, 
etc., and in fact any mineral containing an ele 
inent capable of forming compounds of slight 
solubility, with fatty acids or their derivatives. 
Such minerals are hereinafter called 'soap-form 
ing' minerals, and compounds formed by reac 
tion with, or adsorption by, such minerals of fatty 
acid collector agents are called 'soaps'. 

Fure silica does not respond in the same way, 
because silicon does not form a Soap stable in 
water, though it may happen in practice that silica, 
may absorb or combine with soap-forming ca 
tions, such as barium or calcium ion, (probably 
by direct chemical action) whereupon these ad 
sorbed or combined ions may form soaps in the 
way above-described, if a soluble soap or fatty 
acid or fatty acid derivative be introduced into 
the flotation pulp, and the silicates may therefore 
be caused to float through the indirect agency of 
its adsorbed or combined soap forming ions. 
When desired, however, such adsorptions by silica 
can largely be prevented by ordinary and well 
known means (usually by the introduction of a 
Soluble silicate to increase the concentration of 
Silicate ion), so that the flotation of silica may be 
sprevented without hindering the flotation of the 
Soap-forming minerals. Minerals consisting of 
the Silicates of the soap-forming elements are 
only reluctantly floatable by means of soaps be 
Cause of the very slight solubility of those silicates, 
So that heretofore in practice it has been found 
possible to reject some silicates also when desired. 
As among the minerals which contain soap 

forming constituents, however, no entirely satis 
ifactory method has heretofore been disclosed to 
gerrait the separation of one from another by 
faeans of a fatty acid collector agent, and it is 
this which is the purpose of the present invention. 

The fatty acids and their derivatives vary 
&Zhong themselves in the solubility of the com 
pounds which they form with a given metallic ele 
33ent. Thus barium oleate is less soluble than 
arium laurate. Also, the several metallic ele 
Cents differ among themselves in the solubilities 
C; the compounds which they form with a given 
fatty acid or fatty acid derivative. Thus barium 
dieate is less Soluble than coppei oleate. We be 
lieve that in general the floatability of any Soap 
iorming mineral is proportional to the degree of 
insolubility of the soap coating which can be 
grecipitated upon its surface. That mineral will 
float first and most abundantly whose soap coat 
ing is least soluble, and that mineral will float 
last and least abundantly whose soap coating is 
Amost Soluble, other conditions being the same. 

However, these differences in solubility are usu 
aily insufficient in magnitude to allow satisfactory 
flotation separation of one soap-forming mineral 
from another by any present-known choice of 
Collector agents. . w 

he principal object of this invention, there 
fore, is to provide a new and advantageous process 
for the separation of solids or minerals from one 
another by soap flotation. 
Aparticular object of the invention is to provide 

a new Ileans for selectively or differentially de 
pressing or inhibiting the soap flotation of differs 

3,040,18? 
ent mineral constituents of an ore, or other min 
eral mixture. 
A further object of the invention is to obtain 

a differential depressing action on the floata 
bility, by soap flotation, of different minerals by 
adding to the pulp containing such minerals a 
novel type of reagent capable of selectively mod 
ifying or influencing the Soap coating on parti 
cles of different minerals, in such a way as to 
materially lessen the flotation of one or more of 
the minerals present, while permitting one or 
more other minerals to be floated to a relatively 
high degree. 
Another object of the invention is to provide 

for controlling the selective separation, by soap 
flotation, of different minerals, by coating the 
surfaces of the particles of one or more of said 
minerals with a metallic salt or salts capable of 
forming a soap or soaps of different solubility 
than the soap or soaps formed by the metallic 
constituents of the particles so coated, so that 
the floatability or non-floatability of the various 
mineral constituents is determined in accord 
ance with the floatability or non-floatability of 
the surface coating substance, and to thus ob 
tain a selective flotation effect which is differ 
ent from that exhibited by the mineral particles 
Without Such surface coatings. This feature 
of our invention, for example, makes it possible 
to effect a satisfactory separation of two or more 
minerals, which, in themselves are not suscepti 
ble to ready separation by previously known 
methods of Soap flotation. 
A further object of the invention is to obtain 

a novel selective action by the combined use of 
Surface coatings of metallic salts on one or more 
of the mineral constituents present, and a selec 
tive depressing agent, whereby the flotation of 
the reactive constituents is influenced not only 
by the presence of the surface coating substance 
or substances, out also by the differential de 
pressing action of the depressing agent on the 
respective coated or uncoated mineral particles. 
We have discovered that certain partially or 

incompletely molecularly hydrated phosphates 
admirably serve the purpose of creating maxi 
murn differentials of solubility as among the 
fatty acid compounds of the several soap-form 
ing minerals. "We particularly prefer a relatively 
Soiuble metaphosphate, such as sodium meta 
phosphate. A phosphate of the second degree 
of hydration, such as a pyrophosphate, is effec 
tive to a considerable degree but is not nearly as 
effective as a metaphosphate, while phosphates 
of the third degree of hydration, such as the or 
thophosphates, are only slightly effective for the 
purpose. . 
The meaning of the expression “incompletely 

molecularly hydrated phosphates' will be made 
clear by considering the three forms of phos 
phoric acid, namely, metaphosphoric acid, py 
rophosphoric acid, and orthophosphoric acid. 
The chemical formulae for these three phos 
phoric acids are ordinarily written as follows: 
Metaphosphoric acid--------------------- HPOs 
Pyrophosphoric acid--------------------HP2O7 
Orthophosphoric acid.------------ ------H3PO4 
The difference in their degree of molecular hy 

dration may be more clearly brought out by, 
Writing their formulae as compounds of phos 
phorus pentoxide and water, thus: 
Metaphosphoric acid----------------P2O5.H2O 
Pyrophosphoric acid.----------------P2O5.2H2O 
Orthophosphoric acid----------------F2O5.3HaO 
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Orthophosphoric acid contains three replace 

able hydrogen atoms, and accordingly can form 
three classes of salts, depending upon whether 
one, two or all three of the hydrogen atoms are 
displaced. Thus we may have: 
Monobasic sodium orthophosphate----NaH2PO4 
Dibasic sodium orthophosphate-------Na2HPO4 
Tribasic sodium orthophosphate-------- Na3PO4 
We have found that each of the phosphoric 

acids, in the form of its sodium salt, or other 
convenient relatively soluble salt, has an effect 

5 

20 

25 

30 

40 

45 

50 

55 

upon the soap flotation of any mineral which is 
floatable by means of a soap, fatty acid, or fatty 
acid derivative. This is well illustrated by the 
following series of laboratory flotation tests, in 
which pure limestone (calcium carbonate) was 
exclusively the flotation feed. 

Eight individual tests were conducted, each 
using 500 grams of pure limestone as the "ore". 
The feed in each case was ground four minutes in 
a laboratory rod mill, in the presence of 1000 
cubic centimeters of water and 0.20 gram of oleic 
acid. At the conclusion of the grinding operation, 
the mineral was all minus 65 mesh in size, with 
about 50% of it minus 200 mesh in size. The 
ore pulp was then transferred to a laboratory flo 
tation machine of an ordinary, mechanically 
aerated type, diluted with water to 5000 cubic 
centimeters total volume, and the flotation op 
eration was begun after the addition of 0.09 gram 
steam-distilled pine oil as a frothing agent, and 
also after the addition of some one of the indi 
vidual modifying agents being tested, as enumer 
ated below for the respective tests. In every 
case, the froth was skimmed for exactly five 
minutes at a uniform rate. The total froth so 
skimmed off was filtered, dried and weighed, and 
the percentage recovery calculated from the 
then known weights of concentrate and feed. In 
this series of tests, the first was without any 
modifying agent, and the subsequent seven tests 
were respectively, with 0.5 gram of the modifying 
agent noted in the table below. In this table, 
the name of the particular modifying Salt is 
given, together with the percentage of feed re 
covery effected in the test in which that salt was 
used... It has been claimed by certain investi 
gators that the valence of the cation is of Some 
importance, and so as to prove or disprove this 
point, the orthophosphate of trivalent aluminum 
was used in one test, instead of the monovalent 
sodium. Also in one test, sodium metasilicate 
was used for comparative purposes. The re 
sults of these tests are next given, and are ar. 
ranged in the descending order of per cent re 
covery, that is, in the increasing order of ef 
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fectiveness of the respective salts in preventing 
the flotation of limestone. 

Per cent Modifier reagent used recovery 

---------- 

None------------------------------------------- 53. 16 Aluminum orthophosphate 46.20 
Sodium metasilicate.---------- 38,69 
Tribasic sodium orthophospha 38.00 
Dibasic sodium orthophosphate----- 34.20 
Monobasic'sodium orthophosphate- 29.94 
Sodium pyrophosphate.--------------- 6, 26 
Sodium metaphosphate---------------- 6.42 

It is seen in the foregoing table that the ortho 
phosphates, both of sodium and of aluminum, do 
tend to inhibit the flotation of calcium carbonate, 
but that sodium pyrophosphate is more effective 
than any of the orthophosphates, and sodium 

metaphosphate is considerably more effective 
than . sodium pyrophosphate. As among the 
phosphates, their increasing effectiveness is in 
the same order as their increasing alkali-neutral 
izing power. The foregoing series of tests has 5 
subsequently been repeated, using 1/200 gram 
equivalent of the modifier salt in the respective 
cases, instead of the fixed 0.5 gram, in order to 
correct for differences in molar weight. The 
same order of effectiveness was observed in the 10 
Second Series. 

It will be apparent from the above discussion 
that sodium metaphosphate and sodium pyro 
phosphate are incompletely molecularly hydrated, 
and that these compounds have a more pro- 15 
nounced depressing effect in soap flotation than 
the ortho-phosphates, which are completely 
molecularly hydrated. Furthermore, the meta- . 
phosphate, which is the least hydrated molecu 
larly, gives the best results. Therefore, we pre-20 
fer to use an incompletely molecularly hydrated 
phosphate, and most preferably a metaphosphate. 
We have found that, under suitable conditions 

of hydrogen ion concentration, temperature, dilu 
tions, etc., sodium metaphosphate, brought into 25 
contact with a mineral coated with a slightly solu 
ble Soap, such as limestone coated with calcium 
oleate, Will so modify the calcium oleate coating 
that flotation of the limestone is inhibited. If 
the metaphosphate be added first, the flotative 30 
oleate coating is prevented from forming. The 
phosphates mentioned have a similar effect upon 
the soap-flotation of other minerals, but with a 
given amount of the soluble phosphate added to 
a mixture of several soap-coated minerals, the 35 
modifying action is not equal in speed and degree 
upon all of them. Thus it is possible, by suitable 

. adjustment of the concentration of the collector 
agent, the phosphate, and other constituents 
present, including the degree of hydrolysis, to 0 
Create such a condition that the flotative soap 
Coating upon One mineral is altered or otherwise . 
nullified with a relatively high degree of speed 
and completeness, while the soap coating on 
other minerals is not affected to nearly the same 45 
degree. Under these conditions, the mineral 
whose coating has been altered is inhibited 
from floating, while other minerals are at the 
same time left in a floatable condition, so that a 
separation of ordinarily soap-floatable minerals 
is made possible by otherwise ordinary flota 
tion procedure. 
We have further found that sodium metaphos 

phate or sodium pyrophosphate has a strong 
inhibiting effect when used in connection with 
many other minerals which respond to a fatty 
acid or fatty acid derivative as the flotation col 
lector reagent, and that the effect is not limited 
to calcium minerals. The effect varies widely 60 
in degree, however, comparing one mineral with 
another. Thus, if enough sodium metaphosphate 
be used, the flotation of such minerals as apatite, 

50 

barite, witherite, fluorspar, chronite, bauxite, 
cassiterite, etc., can be completely inhibited and, 65. 
up to the point of complete inhibition in any 
given case, the degree of inhibition is roughly 
proportional to the quantity of Sodium meta 
phosphate used, amount of collector reagent and 
other conditions being the same. 70 
We find that a given quantity of sodium meta 

phosphate does not have an equal inhibiting ef 
fect upon the flotation of all of the above-named 
minerals. In the example cited in the foregoing 
table, the use of 0.5 gram sodium metaphosphate 15 

55 
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4. 
in the iotation of 500 grams of linestone in 
5000 cubic centimeters of pulp volume was suf 
ficient to reduce the recovery from 53.6% to 
6.42%, but upon an equal quantity of Witherite, 
for example, the reduction in recovery caused 
by 0.5 gram sodium metaphosphate is very much 
less. That is, a given quantity of sodium meta 
phosphate does not inhibit the flotation of a 
given quantity of barium mineral So readily as 
it inhibits the flotation of the same quantity of 
calcium miraeral. Or again, the same quantity 
of sodium metaphosphate upon an iron nineral 
has a still different degree of inhibitory effect 
than upon the same quantity of either barium or 
calcium minerals. 

in this way, we find that if a just-sufficient 
quantity of sodium metaphosphate be added to a 
flotation pulp containing a mixture of soap 
floatable minerals, the difference in their natu-. 
ral response to the soapy collector reagent can be 
Widened to such a degree that commercially 
satisfactory separations can be made. 

In carrying out the flotation process according 
to our invention, using an incompletely hydrated 
phosphate as a selective depressing agent, the 
ore or mixture of minerals to be treated is ground, 
mixed with water to form a pulp, and the desired 
reagents added thereto. These reagents include 
a fatty acid collector agent, such as oleic acid, 
SOdium oleate, or corn oil soap; and a depressing 
agent such as sodium metaphosphate or one of 
the other incompletely molecularly hydrated re 
agents herein mentioned. A froth stabilizing 
agent Such as pine oil, kerosene or fuel oil, may 
be used if thought needed in any individual case. 
Also, if desired, a pH modifying agent, such as 
SOda ash or Sodium silicate, may be used, but we 
have found that in many cases a suitable pH 
Value can be obtained by the use of sodium meta 
phosphate or other depressing agent of the type 
herein described, without the addition of any 
other pH modifier. The proportions of the several 
reagents used are subject to considerable varia 
tion, and may be determined by experiment for 
any particular case, but we have found that good 
fresults inay be obtained, in certain cases, by 
using proportions of reagents by weight of ore as 
given in the following table, it being understood 
that these proportions are merely illustrative and 
that the invention is by no means liaited thereto. 

Reagent Pounds perton 
of Solids 

Fatty acid collector agent---------------------- 0.10 to 1.50, 
Depressing agent of the type h described.------ 0.05 to 0. 
Other pH modifying agent---- - None to 2.0. 
Frothing agent------------------------------------ None to 0.50. 

After thorough mixing with the added re 
agents, the pulp is subjected to flotation in any 
Suitable type of flotation apparatus, and the 
floated froth is separated therefrom in the usual 
manner, as by skimming or overflow, giving a 
concentrate which is relatively higher in one 
mineral, and relatively lower in another mineral, 
than the original feed. 
We will now illustrate what has been said thus 

far, by giving the actual assay result of a series 
of laboratory flotation tests in which the ore 
consisted of a mixture of one part witherite 
(barium carbonate), three parts limestone (cal 
cium carbonate), and six parts, clean silica sand. 
After thorough mixing, 1000 gram charges of 

the mixture were weighed out and individually 

3,040,187 
subjected to laboratory iotation tests. 3:ach 
charge was separately ground and floated under 
conditions essentially identical in ail cases ex 
cepting only the single difference that he 
amount of sodium metaphosphate used as Varied 
from test to test. 

In every case, a rougher concentrate was first 
made, using 0.2 gram of oleic acid, 0.03 gram 
steam-distilled pine oil, 1.0 gram soda ash, and 
the variable quantity of sodium metaphosphate. 
This rougher concentrate was then re-fioated as 
a cleaning operation, without any further re 
agents except 0.02 gram pine oil as a frothing 
agent. 
The final products were all dried, weighed, 

and assayed for barium and calcium, so that the 
grades of the final concentrates, as well as the 
percentages of recovery of the respective nin 
erals, were determined. The results of this se 
ries are shown in the table next given: 

Final cleaned concentrate 
Assay, per Percent original 

cent feed recovered Lbs. NaPOs perton of Weight re 
Ore grams ---- 

BaCO3 CaCO3 BaCO3 CaCOs 

None------------------- 261 34,00 57.00 96.16 37.59 
0.20--------------------- 129 54.54 36.97 8.14 16.67 
0.40--------------------- 82 63.92 23.88 57.83 6.83 
0.50--------------------- 57 64.93 18.77 40.17 3.75 

The foregoing results are given as illustrative 
of the differential effect as the quantity of so 
dium metaphosphate is varied. Later tests, 
which included modifications of procedure to be 
described herein, have given still better separa 
tions with both higher grade concentrate and 
higher recovery of the barium mineral. 
The most important feature of the foregoing 

table is that, as the amount of sodium meta 
phosphate increases from none to 0.5 lb. per ton 
of feed, the barium carbonate assay of the clean 
er concentrate increases from 34.00% to 64.93%, 
while at the same time the calcium carbonate as 
say decreases from 57.00% to 18.77%. This spe 
cifically shows the differential effect of sodium 
metaphosphate in the flotation of mixed car 
bonates of calcium and barium. Within this 
range, the recovery of barium carbonate de 
creases from 96.16% to 40.17%, while the recov 
ery of calcium carbonate decreases much more, 
from 37.59% to 3.75%. 
We have applied a similar technique to a wide 

variety of Ores, and have found in every case 
that Sodium metaphosphate or other molecularly 
dehydrated phosphate has a greater or less ef 
fect upon the floatability of one mineral than 
upon the floatability of another. For instance, in 
the absence of Sodium metaphosphate, limestone 
is more readily floatable than the mineral chro 
mite, using oleic acid as the collector, but in the 
presence of Sodium metaphosphate, the reverse 
is true. 
As a further part of our present invention, we 

have discovered - a method of strengthening the 
effect of the partially hydrated phosphates here 
in referred to, in creating differentials of float 
ability between minerals. We have stated our 
belief that those minerals are most floatable 
which form the east soluble compound with the 
given collector agent. We also believe that those 
minerals which form the least soluble compounds 
With the collector agent are also the least acted 
upon by the partially hydrated phosphates, and 
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2,040,187 S 
vice versa. Now, of the metallic soaps, those 
of nickel and iron are among the most soluble 
(other than those of the alkali metals), while 
those of barium and lead are among the least 
soluble. Consequently, as between minerals like 
those of barium and lead on the one hand, and 
minerals like those of nickel and iron on the 
other, flotation separation with a soap collector 
is relatively easy, and may sometimes be accom 
plished even without the use of a selectivity mod 
ifier, with fairly satisfactory results. With a 
selectivity modifier like sodium metaphosphate, 
separation between these respective groups of 
minerals is particularly simple and Satisfactory. 
We find that it is often possible to cover the Sur 

face of a mineral with a compound say of barium 
or lead, or other element capable of forming a 
very slightly soluble soap, and thus facilitate its 
soap fiotation. Likewise, it is often possible to 
cover the surface of a mineral with a compound 
of iron or nickel or other element capable of form 
ing a relatively soluble soap, and thus impede its 
Soap flotation. The same Operation at the same 
time facilitates or impedes the effect of the selec 
tivity modifier in a compatible direction with ref 
erence to floatability. That is, not only will a 
barium or lead compound coating improve the 
Soap floatability of an iron mineral, for instance, 
but it will prevent the selectivity modifier from un 
duly impeding the floatability of an iron mineral, 
Conversely, not only will a nickel or iron com 
pound coating impede the floatability of a cal 
cium mineral, for instance, but the further im 
pedance exerted by a selectivity modifier like 
Sodium metaphosphate will be greater upon a 
nickel- or iron-coated calcium mineral than upon 
a calcium mineral not so coated. w 
In Our use of the molecularly dehydrated phos 

phates as selectivity modifiers, we therefore pre 
fer to cover the minerals we desire to float with a 
Salt or compound of a soap-forming element 
whose soaps are of a low order of solubility. We 
also prefer to coat the minerals we desire to re 
ject, with a salt or compound of a soap-forming 
element whose soaps are of a relatively higher 
order of solubility. It will be understood that 
coatings of the above types may be used either 
Separately or in conjunction with one another, 
and it will also be understood that such coatings 
may not only be employed as a means of modify 
ing the depressing action of an incompletely 
molecularly hydrated depressing agent added to 
the pulp, but may also be employed as a means 
of modifying the soap floatability of minerals, in 
dependently of the use of such a depressing agent. 
Our choice of the metallic salts to be used in the 
respective cases is not always established solely 
by considering the solubilities of the soaps which 
those metallic salts form, for we may advanta 
geously choose one which is capable of being 
formed as a coating on the mineral we desire it 
to influence, by chemical reaction between the 
mineral which is to be coated and a compound 
of the metal which we desire to have present in 
the coating, that is, the metal of the metallic salt 
chosen may advantageously be one which forms 
With Some component of the mineral a compound 
which is less soluble than the pre-existing sur 
face of the mineral itself. Thus, for instance, we 
can coat calcium carbonate with solid lead car 
bonate by adding a relatively soluble lead salt, 
because lead carbonate is less soluble than cal 
cium carbonate, and the fadded lead salt will 
therefore react with the calcium carbonate to 
form a coating of Solid lead carbonate on the 

surfaces of the calcium carbonate particles, but 
we cannot coat calcium carbonate with barium carbonate to any appreciable degree by using a 
relatively soluble barium salt, because barium 
carbonate is more soluble than calcium carbonate. 
Thus, though coatings of either lead or barium 
Salts would increase the floatability of calcium 
Carbonate, our choice between the two should be 
a lead Salt as the Salt to use, in this particular 
case. On the other hand, if gypsum (calcium sul 
fate) were the mineral we were attempting to 
coat, a Salt of barium would be our choice rather 
than lead, because barium sulfate is less soluble 
than lead sulfate and is also less soluble than cal 
cium sulfate. The proportion of metallic salt thus added for 
the purpose of modifying the surface of one or 
more of the constituent minerals may be varied 
between rather wide limits, and we have found, 
by way of illustration only, that good results may 
be obtained when the proportion thereof varies 
from none to 2.0 pounds per ton of solids in the 
pulp. 

Considering calcium carbonate further, this is 
a widely occurring mineral of relatively little eco 
nomic value, and the desire is usually to depress 
it in a flotation operation. An iron salt admir 
ably meets the requirements of a coating mate 
rial for this purpose, because not only are iron 
Soaps quite Soluble, but also iron carbonate is 
less Soluble than calcium carbonate and hence 
calcium carbonate can readily be coated with iron 
Carbonate. - 

The mineral chromite (ferrous chromite) will 
Serve as a further illustration of our use of metal 
lic salts supplementary to the use of our molecu 
larly dehydrated phosphates. This is a mineral 
of high economic value, and one whose flotation 
is usually desired to be facilitated. However, since 
the cation of this mineral is iron, and since iron 
Soaps are relatively soluble, the response of chro 
mite to Soap flotation is not entirely Satisfactory. 
Chromite can be readily coated with lead chro 
mite or chromate, however, by using a relatively 
Soluble lead Salt like lead nitrate, because lead 
chromite or chromate is less soluble than ferrous 
chronite or chromate. This coating facilitates 
the Soap flotation of chromite, because lead SOapS 
are less soluble than iron soaps. As an illustration of our complete procedure in 
the use of metallic salts, as adjuncts of molecu 
larly dehydrated phosphates in the selective soap 
flotation of minerals, we will now consider an ore 
composed essentially of the two minerals, chro 
mite and limestone. We will say that we desire 
to float the chromite in the froth and reject the limestone in the tailing. Ordinarily, the order 
offloatability of these two minerals would be the 
Opposite of that stated as,desired, for the cation 
of limestone is calcium which in this case forms 
a slightly soluble Soap, causing limestone to 
float in preference to chromite, whose iron cation 
rforms the more soluble iron soap. However, these 
two minerals tend to react with each other in 
an aqueous medium, the iron from the chromite 
tending to coat and depress the limestone by 
forming iron carbonate upon it, so that when 
We use, Say, SOdium metaphosphate as the sole 
Selectivity modifier, in this case, we tend to get 
depression of both minerals to an undesirable 
extent. We therefore prefer to coat the sur 
faces of both minerals in such a way that the 
effect of the metaphosphate is not contrary to 
our purpose. To do this, we may add to a pulp 
containing the above-mentioned ore, a soluble 
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lead (or barium) salt so as to coat the chromite 
With lead (or barium) chromite or chronate 
which increases its floatability and decreases its 
susceptibility to depression by metaphosphate, 
and at the same time We may add a soluble nickel 
(or iron). Salt So as to coat the limestone with 
nickel (or iron) carbonate, which decreases its 
floatability and increases its susceptibility to de 
pression by metaphosphate. For example, if salts 
of lead and nickel are added, the lead salt will 
react with the ferrolls chromite to fon. On the 
Surface of the latter a coating of less soluble lead 
chromite or chromate in solid form, while the 
nickel salt will react with the linestone to for 
On the Surface of the latter a coating of less Solus 
ble nickel carbonate in solid form. Furtherno?e, 
the iron displaced by the lead or basin port 
the chromite surface is thrown into solution 
whereupon it has further value in depressing the 
limestone. Also, although lead. Would tend to 
Coat the calcium carbonate because iead essa 
bonate is less soluble than calcium carborate, aidi 
although this is undesirable because it would ine 
crease the floatability of the calcium cartoonate, 
any lead carbonate coating which so forgias is 
immediately displaced by a coating of nickel oi 
iron carbonate because the latter are less solu2 
ble than lead carbonate. Besides, lead chromite 
or chromate is less soluble than lead caribonate, 
which also serves to attract, the lead to the chro 
mite and away from the limestore. 
The net result, after these reactions have corne 

to equilibrium, is that the calcium carbonate has 
become in effect a nickel or iron minera: (due to 
its coating of nickei or iro, carbonate) willic:. 
is readily depressed by sodium metaphosphate, 
and at the Sane time the coronite has oecore 
in effect a lead or barium minera (due to its 
coating of lead or barium chromite or chronate) 
which is relatively immune to the depressing 
effect of SOdium metaphosphate. As, furthere 
more, lead or barium minerals respond better 
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than iron minerals to soap flotation, satisfactory 
Selective. soap flotation between chromite and 
limestone has been made possible, with the chro 
mite appearing in the froth concentrate, and the 
linestone being rejected as tailing. 
We next give the results of a series of eight 

laboratory, flotation tests, upon an ore composed 
of a mixture of equal parts of limestone and 
impure chromite. The chromite was about 70 
per cent pure, the impurities consisting of alumi 
nun and magnesium silicates. A tests were 
made on 500 grams of feed, ground for five min 
utes in a laboratory rod mill and diluted with 
Water to a total volume of 5,000 cubic centime 
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ters. All used the same amounts of oleic acid 
as the sole collector and of pine oil as the frother. 
None used any other reagents except some one 
of the three selectivity modifiers mentioned (so 
dium metaphosphate, a lead salt, and an iron 
salt), or some combination, or all, of these. The 
temperature was the same in all cases, 55 . A 
rougher concentrate was first made, using 0.25 
gram oleic acid and 0.04 gram pine oil, with or 
without either or both the lead and the iron salt, but always without any metaphosphate; the 
rougher concentrate was then cleaned and re 
cleaned using no additional oleic acid and 0.03 
gram additional pine oil, with or without sodium 
metaphosphate, but always without any further 
addition of the lead or iron salt. That is to say, 
whenever the lead or iron salt was used, it was 

s added prior to the rougher operation, and when 
- 

2,040,18? 
ever sodium metaphosphate was used, it was 
added to the cleaner operation subsequent to the 
rougher operation. The following table gives the 
assay results of each of the eight individual tests 
Composing this series: 

Grams selectivity modifier used Final cleaner concentrate 

Percent Sodium Assay, percent ey 
Tes meta- Lead Ferrous 
No. phos- nitrate sulfate 

phate Chro- Lime- Chro- Line 
Inite stone mite ston: 

88 None. None. None. 37.82 62.18 51.00 53. 69 
85 None. None. 2.0 54.85 45.15 42.82 24.53 
95 None. 2.0 None. 51.05 48.95 94.00 76.3 
96 None. 2.) 2.0 59.05 40.95 92.00 50.28 
843 0.2. None. None. 58.02 41.98. 29.18 14.25 
8. 0.2 None. 2.0 76.90 23, 10 69.43 14.48 
90 0.2 2.0 None, 77.20 22.80 59.1 12.2.2 
97 0.2 20 2.0 86.5 13.85 62.70 6.8 

To illustrate the latitude which in some cases 
We have in our choice of metallic salts to use 33 
modifiers, we will cite the results of another for 
tation test which exactly duplicated No. 9" alocye, 
except that two grams of bariur chloride was 
used instead of lead nitrate to assist tine fiotatio: 
of She chromite, and that two grains of nickei is 
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chloride was used instead of ferous Suifate &o 
impede the flotation of limestone. Sodium meta.r. 
phosphate was used just as in No. 97. This test 
yielded a concentrate assaying 79.33 gar cent 
chronite and 20.62 per cent limestone, contai 
ing 74.4 per cent of the original feed chroni 
and only 13.52 per cent of the original feed. iii-ne 
Stone. 

Selective aiteration of the surfaces of Some 3 
the minerals present, as compared to those 3: 
other minerals, by the use of 8, Suitably choses. 
metallic salt, enables us to make useful flotation 
separations in a number of cases, even when the 
minerals to be separated contain in the naturai 
state an element common to loot. As ar: i.e. 
stance of this, we will now cite laboratory fiota 
tion results upon an ore consisting of equal parts 
of fluorspar (calcium fluoride) and limestone 
(calcium carbonate), with no other ninerals presa 
ent. In soap flotation, both these minerais fioet 
by virtue of the formation upon their surfaces of 
a calcium soap, and if sodium metaphosphate be 
the only selectivity modifier present, it will act 
about equally on both. However, we may alter 
the surface of the calcium carbonate by precipi 
tating ferrous carbonate upon it. As has already 
been shown, this result may be attained merely 
by the addition of a soluble iron salt, such as 
ferrous sulfate. At the same time, the surface of 
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calcium fluoride will not change in the presence 
of ferrous sulfate, because calcium fluoride is 
less soluble than either ferrous fluoride or cal 
cium sulfate. After this change has been caused 
to occur, sodium metaphosphate becomes a par 
ticularly effective selectivity modifier, because we 
are now dealing with a calcium mineral (calcium 
fluoride) on the one hand, and in effect an iron 
mineral (iron carbonate coated calcium carbon 
ate) on the other. In one laboratory flotation 
test, we used an ore consisting of 50 per cent fluor 
spar and 50 per cent limestone. Five hundred 
grams of this ore was ground in the presence of 
2.0 grams ferrous sulfate and 1000 cubic centi 
rheters of water. A flotation rougher concentrate 
was then made, using 0.3 gram oleic acid as the 
collector agent, without any pine oil or frothing 
agent other than the oleic acid. 0.2 gram sodium 

80 

65 

70 

75 

  



O 

5 

2,040,187 
metaphosphate, was added to this rougher con 
centrate, which was then refloated, in one stage, 
to make a final cleaned concentrate. This final 
concentrate was weighed and assayed, from which 
data the results of the test were calculated, and 
were found to be as follows: 

Per cent recovery in final concentrate 

Assay of final Referred to original 
concentrate ote 

CaF, CaCOs. CaF. Cacos 
84.40 15.60 86.22 15.54 

The foregoing results show an excellent sep 
aration of two calcium minerals from each other, 
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with a high degree of selectivity and a satisfac 
tory recovery of the preferred mineral. As far 
as we are aware, no flotation process heretofore 
disclosed has been able to make a separation be 
tween two different minerals of the same alkaline 
earth, unless one were a silicate. As another in 

... stance of the same kind of separation between 
two alkali-earths, barium carbonate (witherite) 
may be selectively separated from barium sulfate 
(barite) by superficially converting the barium 
carbonate to iron or nickel carbonate for in 
stance, by the use of a suitable iron or nickel salt, 
then differentiating the soap flotation by the use 
of a molecularly dehydrated phosphate like So 

35 

tungstate (scheelite) and calcium carbonate 

50 

dium metaphosphate or pyrophosphate. As an 
other example, we are able to make satisfactory 
separations in this general Way, between calcium 

(limestone). . . . . We have also successfully applied this inven 
tion, including the step of Surface alteration by 
addition of a soluble salt, to the concentration of 
scheelite (calcium tungstate) from materials con 
taining the same, including a placer material and 
a mill tailing resulting from previous operations. 
It was found that these materials were not readily 
amenable to soap flotation either when oleic acid 
alone was used as the collector agent, or when, 
in addition, the circuit was made alkaline with 
soda ash. The inability to obtain satisfactory 
separation in this manner may have been due to 
the fact that the surface of the scheelite was bad 
.ly contaminated by iron salt. Since lead tung 
state is less soluble than either calcium tungstate 
or ferric tungstate, we found that a soluble lead 
salt added to such an ore caused the contan 
inated scheelite to respond readily to soap flota 
tion in an alkaline circuit, probably by coating or 
surfacing the scheelite grains with lead tungs 
tate. The following results were obtained with 
the above-mentioned materials: - 

in one test, 500 grams of the placer scheelite 
material was ground to pass 65 mesh, in the 
presence of 1 gram of lead nitrate, 2 grams of 
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soda ash and 1,000 grams of water. A rougher 
flotation concentrate was then made, using 0.35 
gram of oleic acid as the only other reagent. A 
clean, heavily-laden froth quickly formed in this 
operation, carrying practically all of the scheel 
ite. The rougher concentrate was refloated in a 
cleaning operation, using no further reagents. 
The final products obtained were as follows: - 
Cleaner concentrate ---------------- 112 grams 

75 
Middling--------------------------- 86 grams 
Tailing --------------------------- 300grams 

The tailing thus obtained, when subjected to the 
well-known hydrochloric acid and stannous chlo 
ride test for tungsten, gave an entirely negative 
reaction, thus indicating practically a 100 per 
cent recovery of the tungsten in the rougher 
concentration. The middling gave a very faint 
reaction, while the cleaner concentrate gave an 
intense and immediate reaction. A second test 
was made on this same material, duplicating the 
conditions of the first test, except that 0.10 gram 
of sodium metaphosphate was used as a modify 
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ing agent in the cleaning operation. The final 
products obtained in this case were as follows: 
Cleaner concentrate -------------- 87 grams 
Middling--------------------------- 113 grams 
Tailing ---------------------------- 300 grams 
In this case also, the cleaner concentrate con 
tained practically all of the tungsten, and was 
therefore of higher grade than in the first test, 
since its weight was materially less than before. 

Similar tests were also made on the concentra 
tion of Scheelite from the mill tailing material 
above-mentioned. In the first test, we obtained 
a practically complete recovery of the scheelite 
with a ratio of concentration of 13.9 tons into 
one ton, using 1 pound of lead nitrate per ton, 
2 pounds of soda ash per ton, and 0.35 pound of 

... oleic acid per ton, but without any sodium meta 
phosphate. All reagents were added prior to the 
rougher concentration, which was followed by a 
cleaning operation without addition of any fur 
ther reagents. In the second test, which dupli 
cated the first except that sodium metaphosphate 
was used in the cleaning operation in the pro 
portion of 0.40 pound per ton of original feed, 
We also obtained a practically complete recovery 
of the tungsten, but the ratio of concentration 
Was increased to 31.2 tons into one ton. In both 
of these tests on the tailing material, we also used 
2.0 pounds of sodium silicate per ton, in order 
to prevent activation of quartz by the lead ni 
trate. 

Since iron salts are frequently of importance 
in Our process, and may be either beneficial or 
detrimental, depending upon the minerals in 
volved in a particular flotation operation, we do 
not overlook the fact that iron salts may be gen 
erated within the operation or within the equip 
onent, as the result of contact between the ore 
pulp and iron equipment which may be used, such 
as grinding mills, grinding media, pumps, tanks, 
etc. Iron Salts so generated have the same effect 
as though they were deliberately added. There 
fore, if the presence of iron Salts is detrimental 
to the operations in which the invention is to be 
utilized, suitable precautions should be taken to 
prevent formation thereof. - - 
Our general process of modifying mineral sur 

faces by the use of metallic salts and then dif 
ferentiating between those surfaces in flotation 
by means of a partially hydrated phosphate is 
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also applicable to sulfid ores, for Such minerals . 
have a strong tendency, superficially to oxidize 
to sulfates. Indeed, such: Surface oxidation of 

all commercial water contains dissolved oxygen 
which is a powerful oxidizing agent. Lead and 
zinc ores respond readily to soap flotation be 
cause lead and zinc soaps are of low solubility; 
sodium metaphosphate will, however, not only 
differentiate soap flotation as between lead and 
zinc minerals on the one hand, and gangue On 
the other, but also, we believe, will differentiate 
lead and zinc minerals from each other. Cop 

65 
sulfids is inevitable in the presence of water, for " 
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per and iron minerals respond less readily to 
soap flotation, because of the greater Solubility 
of their soaps, which relatively poor response 
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may either be accepted as an advantage in the 
separation of copper and iron minerals, for .in 
stance, from those of lead and zinc, or which 
may be changed by the addition of a Salt of an 
element whose soap and whose Sulfate are both 
of less solubility, such as salts of barium and 
lead. 

It will be understood from what has been said 
in the foregoing that relative solubilities play a 
most important part in our procedure. Solu 
bilities have natural values, but may be altered 
in various ways. In the first place, solubility is 
intimately related to temperature, so that in the 
case of some ores it may be necessary to adjust 
the operating temperature to that giving the de 
sired equilibria between the several concentra 
tions. 
Secondly, relative concentrations in the same 

medium are a function of each other and of the 
acidity or the alkalinity, that is, the hydrogen ion 
concentration. It is to be understood that the 
addition of acids or alkalies, or in other Ways 
adjusting relative concentrations in accordance 
with the Well-known chemical law of molar con 
centration, comes within the scope of our present 
disclosure. No exact concentrations of general 
application can be given, because they will vary 
widely with ores of different compositions and 
as a function of the specific gravities of the main 
erals, and as a function of the fineness of grindi 
ing, upon which depends the amount of reacting 
mineral surface exposed. 
We will now more completely define the phos 

phates and the fatty acids and fatty acid deriva 
tives which we use in our process. 

In regard to the phosphates, we have said that 
we use those which are not completely hydrated 
molecularly, 8nd the meaning of that term has 
been , explained. The pyrophosphates and the 
metaphosphates are prepared by heating suitable 
orthophosphates to the appropriate temperature, 
whereupon water is driven off, accompanied by 
a molecular re-arrangement of the phosphate 
radical. When these phosphates are then 
brought into contact with water they tend to 

- rehydrate and recombine with water, reproduc 
ing hydrogen ion. The rehydration is a rela 
tively slow reaction at ordinary flotation tempera 
tures, allowing time for the flotation operation 
to be condiucted during the time the reaction is 
in progress. We believe that the hydrogen ion 
reproduced during this reaction is sufficient to 
decompose the soap coating on soap coated miner 
as with which the metaphosphate may come 
in contact in the flotation operation, and E the 
same time the metallic or sub-metallic ion of 
the soap so liberated is re-precipitated as the 
very slightly soluble othrophosphate, as made 
possible by the rehydration of the meta- or pyro 
phosphate. Other compounds which may be 
molecularly dehydrated with accompanying mo 
lecular re-arrangement and which then rehy 
drate in the presence of water would also serve 
our purpose provided they and the compounds 
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which they may form with other constituents of 
the flotation pulp with which they come in con 
tact in a flotation operation are of a suitable 
order of solubility. The pyro- and metaphos 
phites, the pyro- and meta-arsenates, and pyro 
and meta-arsenites, may be cited as type ex 
amples of the other incompletely molecularly hy 

drated compounds which we may use as depress 
ing agents. 

In a table which we have given, it will be seen 
that tribasic sodium orthophosphate is not so ef- . 
fective a depressing agent for limestone as the di- 5 
basic or nonobasic Orthophosphates. In aqueous 
Solution, the tribasic orthophosphate hydrolyzes 
to yield a slight alkalinity, whereas the dibasic 
and monobasic OrthophOSphates hydrolyze to 
yield a slight acidity. The pyro-phosphates and 10 
metaphosphates have an even greater alkali 
neutralizing power than the dibasic and mono 
basic Orthophosphates, and yet after rehydrar ' 
tion have an equal precipitating power, which we 
believe to be of significance in our finding them 5 
to be more effective than the Orthophosphates 
as selectivity modifiers in soap flotation of . 
minerals. 
We have found that the mentioned phosphates 

make selective flotation possible when derivatives 20. 
of the fatty acids other than the fatty acids 
themselves or their soaps are used in place of, 
or together with, the fatty acids or their soaps, 
as the collector agent. Among such derivatives 
may be mentioned amino-Soaps and sulfonated 25 
or sulfated fatty alcohols. Thus, in one flota 
tion test, we used a sulfonated fatty alcohol in 
place of oleic acid. In this test, no other collector 
agent was used. Using as the feed a mixture of 
600 grams of silica sand, 300 grams of limestone, 30 
and 100 grams of witherite, we made 139 grams 
Of concentrate, without any phosphate Or any 
other reagent except pine oil as a frothing agent. 
In a Subsequent test, upon identical feed, pro 
ceeding in the same manner throughout except 35 
that 0.2 gram sodium metaphosphate was pres 
ent, Only 50 grams of concentrate was produced. 
Thus the metaphosphate definitely reduced the 
floatability of minerals ordinarily floatable by 
means of a sulfonated alcohol. 40 

In another test, using sodium lauryl sulfate 
8s the sole fatty acid compound, and floating 
pure linestone, we made 360 grams of concen 
trate from 500 grams of feed, while in a subse 
quent test, identical with the first except for 45 
the addition of 0.1 gram sodium metaphosphate, 
the amount of concentrate made was only 180 
grams or just half as much. 

In another test, using sodium laury sulfate w 
as the sole fatty acid compound, and floating 50 
pure Witherite (barium carbonate), we made 346 
grams of concentrate, while in a subsequent test, 
identical except for the addition of 0.2 gram so 
dium metaphosphate, the amount of concentrate 
produced was 2ero. 55 
We have found that the dehydrated or par 

tially dehydrated phosphates herein referred to, 
not only serve to selectively nullify the formation 
or effectiveness of soaps in flotation, but are also 
effective dispersing agents for use in flotation 60 
generally, regardless of the collecting agent used. 
This dispersion or defocculation we believe to 
take place in the same general way, as above 
described for the replacement of soap. coatings. 
Flocculation is often caused by adsorbed hydroxyi 65 
ion, which is then neutralized by the hydrogen 
ion arising from the rehydration of the phos 
phate, thus allowing defocculation to take place. 
The production of hydrogen ion, however, is evi 
dently insufficient to materially attach the ore 70 
itself, as is shown by the evident sufficiency of . 
the relatively minute quantities of sodium meta 
phosphate which we used in the numerous flota 
tion tests which we have cited. It will be 
apparent, therefore, that such incompletely mo- 75 
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lecularly hydrated compounds may also be ad 
vantageously used as depressing agents in other 
types of flotation processes than soap flotation. 

It is to be understood also that we do not pre 
scribe the point in the sequence of operation at 
which the phosphate or other reagent is to be 
added. Depending upon various conditions, the 
phosphate may be used in the grinding operation, 
before or during the rougher flotation operation, 
or any subsequent cleaning, or middlings retreat 
ment operation, or stepwise among any of these 
operations, or at any other point which is foll 
lowed by a subsequent flotation operation. The 
equilibria of the several possible reactions are ul 
timately fixed by relative solubilities, so that the 
relative sequence of reagent additions is not al 
ways of prime importance. 
While we have referred to the use of SOdi 

salts of incompletely molecularly hydrated phos- . 
phoric or other acids, it will be understood that 
salts of other metals may also be used; for exam 
ple, we may use potassium metaphosphate, and 
calcium metaphosphate may also be used in Some 
cases provided the solubility thereof is greater 
than the solubility of the product or products 
which might be formed by reaction with other 
substances contained in the pulp. 

It is to be understood also that where a metal 
lic salt is used as a selectivity modifier, as well as 
a phosphate or other depressing agent, it is with 
in the sense of our conception and description 
that these may be combined as a single reagent. 
As an example, ferrous metaphosphate might be 
used instead of sodium metaphosphate and fer 
rous sulfate. - 
We find it advantageous in many cases not to 

use any separate frothing agent such as pine oil. 
The collector agent itself, especially such a co 
lector agent as oleic acid, forms in many cases 
afroth which is sufficiently stabilized by the min 
eral grains therein contained to permit. being 
skimmed off or otherwise removed in the form of 
a concentrate. Such a frother as pine oil tends. 
to entrain unwanted mineral grains, especially 
those of very fine or slimy sizes, thus carrying in 
purities into the froth. Using the collector agent 
itself as the frother not only has the advantage 
of greater specificity, but also avoids the cost of 
a separate frothing agent. 

In the claims which follow, it is to be under 
stood that wherever the expression 'fatty acid 
collector agent' is used, the term comprehends 
any compound or derivative either of a saturated 
or an unsaturated fatty acid or the fatty acid 
itself. The term is also meant to include soaps, 
amino-soaps, orfatty acid compounds which have 
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been reduced, as to the corresponding alcohols 
or otherwise modified in any way. - 

It is also to be understood that, in said claims, 
the term "mineral” as anpiled to a constituent of 
the pulp. may refer either to a mineral which is 

constituent whose particles have been surface 
coated with a salt of some other metal, in the 
manner above described. In the latter case, the 
behaviour of said mineral, with respect to its 
ability to form an insoluble soap with the added 
fatty acid collector agent, is determined by the 
nature of the metallic element present in the said 
surface coating. 
We claim: 
1. The method of separating solids by froth 

flotation which comprises depositing, upon the 

salts of two different metallic elements, capable 
of forming soaps whose solubilities differ from 
one another and also from the solubilities of the 
soaps formed by the constituent minerals on 
which the respective salts are deposited, and then 
subjecting the pulp containing said two minerals 
thus coated with said deposited salts to froth flo 

1- 9. 

surface of two constituent minerals of a pulp, 

tation in the presence of a fatty acid collector. 
agent and a depressing agent selected from the 
group consisting of metaphosphates, metaphos 
phites, metarsenates and metarsenites, said de 
pressing agent being present in such proportion 
as to exert a differential inhibiting effect upon 
the formation of insoluble soap coatings on the 
respective Salt-coated minerals. 

O 
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2. The method of separating Solids by froth 
flotation which comprises depositing, upon the 
surface of two constituent minerals of a pulp, 
salts of two different metallic elements capable of 
forming soaps whose solubilities differ from one 
another and also from the solubilities of the soaps 
formed by the constituent minerals on which the 
respective salts are deposited, and then subject 
ing the pulp containing said two minerals thus 
coated with said deposited salts to froth flota 
tion in the presence of a fatty acid collector agent 
and a metaphosphate, said metaphosphate being 
present in such proportion as to exert a differen 
tial inhibiting effect upon the formation of in 
soluble soap coatings on the respective salt-coated 
minerals. 

3. In a froth flotation process, the steps which 
comprise: adding a fatty acid collector, agent to a 
pulp containing two minerals capable of forming 
with such agent difficultly soluble soaps; also add 
ing to said pulp a depressing agent selected from . 
the group consisting of metaphosphates, meta 
phosphites, metarsenates, and metarsenites, in 
such proportion as to exert a differential inhibit 
ing effect upon the formation of insoluble soap 
coatings upon the surfaces of said two minerals: 
agitating said pulp in the presence of said col 
lector agent and depressing agent to obtain a 
differential soap, coating of said two minerals, 
and then subjecting said pulp, containing said 
differentially coated minerals, to froth flotation. 

4. In a froth flotation process, the steps which 
comprise: adding a fatty acid collector agent to 
a pulp containing two minerals capable of form 
ing with such agent difficultly soluble soaps; also 
adding to said. pulp sodium metaphasphate in 
such proportion as to exert a differential inhibit 
ing effect upon the formation of insolublesoap 
coatings upon the surfaces of said two minerals; 
agitating said, pulp in the presence of said col 
lector agent and said sodium metaphosphate to, 
obtain a differential soap coating of said two 
minerals; and then subjecting said pulp, contain 
ing said differentially coated minerals, to froth 
flotation. 

present in the pulp and whose surface is not coat 
ed with a salt of a different metal, or to a mineral 

5. In a froth flotation process, the steps which 
comprise: adding a fatty acid collector agent to 
a pulp containing two minerals capable of form 
ing with such agent difficultly soluble soaps of 
different solubilities; also adding to said pulp a 
depressing agent selected from the group consist 
ing of metaphosphates, metaphosphites, metar 
Senates, and metarSenities, in Such proportion as 
to increase the difference between the solubilities 
of the soaps formed by said two minerals; agitat 
ing said pulp in the presence of said collector 
agent and depressing agent to cause the surfaces 
of said minerals to be differentially coated with 
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the soaps formed thereby, in inverse relation to 
the modified solubilities of said soaps; and then 
subjecting said pulp, containing said differentially 
coated minerals, to froth flotation. 

6. In a froth flotation process, the steps which 
comprise: adding a fatty acid collector agent to 
a pulp containing two minerals capable of forming 
with such agent difficultly soluble soaps of dif 
ferent solubilities; also adding to said pulp Sodium 
metaphosphate in such proportion as to increase 
the difference between the solubilities of the Soaps 
formed by said two minerals; agitating Said pulp 
in the presence of said collector agent and sodium 
metaphosphate to cause the surfaces of Said 
minerals to be differentially coated with the SOaps 
formed thereby, in inverse relation to the modified 
solubilities of said soaps; and then subjecting said 
pulp, containing said differentially coated min 
erals, to froth flotation. 

7. The method of separating solids by froth 
flotation which comprises precipitating, upon the 
Surface of a constituent mineral of a pulp con 
taining at least two minerals, a salt of a metallic 
element capable of forming a soap of different 
solubility than the soap formed by said con 
stituent mineral; adding to said pulp a fatty 
acid collector agent; also adding to said pulp a 
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depressing agent selected from the group consist 
ing of metaphosphates, metaphosphites, netar 
senates and metarsenites, in such proportion as to 
exert a differential inhibiting effect upon the 
formation of insoluble soap coatings on the Sur 
face of said constituent mineral coated with Said 
deposited salt and on the surface of another 
mineral present in the pulp; agitating Said pulp 
in the presence of said collector agent and said 
depressing agent to obtain a differential Soap 
coating of said constituent mineral and said other 
mineral; and then subjecting said pulp containing 
said differentially coated minerals, to froth 
flotation. 

8. The method of separating solids by froth 
flotation which comprises precipitating, upon the 
surface of a constituent mineral of a pulp con 
taining at least two minerals, a salt of a me 
tallic element capable of forming a soap of dif 
ferent solubility than the soap formed by said 
constituent mineral; adding to said pulp a fatty 
acid collector agent; also adding to said pulp 
sodium metaphosphate in such proportion as to 
exert a differential inhibiting effect upon the 
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formation of insoluble soap coatings on the Sur 
face of said constituent mineral coated with Said 
deposited salt and on the surface of another 
mineral present in the pulp; agitating said pulp 
in the presence of said collector agent and said 
sodium metaphosphate to obtain a differential 
soap coating of said constituent mineral and said 
other mineral; and then subjecting said pulp, 
containing said differentially coated minerals, to 
froth flotation. 

9. The method of separating solids by froth 
flotation which comprises depositing, upon the 
surface of two constituent minerals of a pulp, 
salts of two different metallic elements capable 
of forming soaps whose respective solubilities 
have a materially different relation to One an 
other than the respective solubilities of the Soaps 
normally formed by said constituent minerals 
themselves, whereby the normal relation between 
the soap flotation characteristics of Said tWO 
minerals is materially altered due to the coating 
thereof with said deposited salts, and then Sub 
jecting the pulp containing said two minerals 
thus coated with said deposited salts to froth 
flotation in the presence of a fatty acid collector 
agent, to obtain a separation between said min 
erals in accordance with the relative solubilities 
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of the soaps formed by said collector agent with the respective deposited salts. 
10. The method of separating solids by froth 

flotation which comprises depositing, upon the 
surface of two constituent minerals of a pulp 
whose cations normally form soaps of different 
solubilities, Salts of two different metallic ele 
ments capable of forming soaps whose respective 
solubilities differ materially from one another in 
the reverse order to the respective solubilities of 
the Soaps normally formed by the cations of said 
constituent minerals, whereby the normal rela 
tion between the Soap flotation characteristics of 
Said two rainerals is reversed due to the coating 
thereof with said deposited salts, and then Sub 
jecting the pulp containing said two minerals 
thus coated with said deposited Salts to froth 
flotation in the presence of a fatty acid collector 
agent, to obtain a separation between said min 
erals in accordance with the relative solubilities 
of the Soaps formed by said collector agent with 
the respective deposited salts. 
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