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This invention relates to the concentration of ores by 
?otation, and has for its object the provision of a novel 
and improved reagent for such processes and method of 
making the same. The reagent of the invention be 
haves generally as a cationic or amine-type collector or 
promoter of ?otation. It is of particular utility in the 
‘concentration of phosphate minerals from ores contain~ 
ing a siliceous gangue by any of the ?otation processes, 
such as froth ?otation, skin ?otation, ?otation by con 
tinuous belt and by tabling processes, and the like. 
The reagent of the invention is a polymerization con 

densation reaction product resulting from heating a 
mixture containing (1) from 2.5 to 18 molecular equiva 
lents of a commercially crude heterogeneous product 
such as crude tall oil, tall oil pitch or equivalent crude 
fatty product of vegetable or animal origin and (2) one 
molecular equivalent of a commercial alkylene poly 
amine or a polyalkylene polyamine, herein collectively 
referred to as a commercial polyamine. Preferably the 
two reacting components are tall oil pitch, or crude tall 
oil, and commercial diethylene triamine. The reaction 
is effected by rapidly heating a mixture of the two re 
acting components to a temperature of 300 to 425° F. 
in an open reactor atv atmospheric pressure. The struc 
ture of the reaction product is not known and no 
attempt has been made to determine its structure since 
the initial starting components are crude heterogeneous 
mixtures of various compounds and no speci?cally pure 
starting component will yield reaction products having 
the desirable properties of the reagent of the invention. 
The reagent of the invention acts with greater rapidity 

than any prior art reagent in furthering a separation of 
similar ore constituents. It is equally well suited for a 
bulk silica removal or for the double ?oat practice cur 
rently in general use in the Florida phosphate ?eld. In 
the double ?oat practice, the phosphate-bearing ore is 
prepared for concentration by various washing and siz 
ing operations to remove colloidal material (slimes) and 
oversize particles which, if not removed, interfere with 
the ?otation operation. The so#sized ore is mixed and 
conditioned with the proper quantities of a fatty acid, fuel 
oil and caustic soda, and is subjected to ?otation in which 
the bulk of the phosphate values are removed in the 
froth (phosphate rougher concentrate). The phosphate 
?oat is deoiled by agitating with about 2 pounds of 
concentrated sulfuric acid per ton of concentrate in a 
slurry of from 20 to 50% solids, and is then dewatered, 
thoroughly rinsed and again dewatered, thus removing 
practically all of the residual reagents from previous 
treatments. The deoiled and deacidi?ed rougher concen 
trate is then fed to the so-called amine or cleaner circuit 
where by the aid of the reagent of the invention a 
silica-bearing froth is removed which is characterized by 
unusually large agglomerates of gangue material and 
silica. In the phosphate ?eld, it is customary to call the 
phosphate product “concentrate,” regardless of whether 
it is the ?oated product or the under?ow of the ?otation 
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apparatus, and hence the silica ?oat is designated as 
“tailings.” - 

The reagent of the invention is derived from crude 
tall oil, tall oil pitch, or similar vegetable or animal oil 
distillation (still) residues and pitches including cotton 
seed oil pitch and residues from fat or grease recovery 
processes. Except for crude tall oil these fatty products 
are relatively surplus or waste materials ?nding but little 
application at present in industry. Distilled or puri?ed 
oils are not desirable raw materials for the preparation of 
our reagent since reaction products similarly made 
therefrom do not exhibit the characteristics or the potency 
of the reagent of the invention made from one of the 
aforementioned crude fatty products. 
Crude tall oil is obtained as a by-product in the manu 

facture of paper and is well known in industry. Its com 
position varies somewhat in di?erent localities in that 
more or less rosin acids are present and due to this 
difference the ratio of other compounds in the tall oil 
changes accordingly. The composition of an average 
tall oil is about 40 to 50% fatty acid mixture, consisting 
of saturated and unsaturated acids, and from 50 to 60% 
rosin acid mixture, and from 2 to 8% of a mixture of 
unsaponi?able material. The fatty acid mixture consists 
of oleic, linoleic, traces of linolenic, palmitic, stearic, 
lignoceric and cerotic acids. The rosin acid mixture is 

' composed of abietic acid, neoabietic acid, dihydro 
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abietic acid, tetrahydroabietic acid, dehydroabietic acid, 
dextropimaric acid and isodextropimaric acid. The mix 
ture of unsaponi?ables consists of hydrocarbons, long 
chain alcohols and sterols. The hydrocarbon fraction 
consists of abietenes and diterpenes, and the long chain 
alcohols are predominantly lignoceryl alcohol. 
Components in tall oil pitch are about the same as in 

crude tall oil but in different proportions. In the pitch 
there are from 30 to 40% unsaponi?ables and only from 
40 to 60% combined rosin acids and fatty acids along 
with minor amounts of polymerization products. Other 
pitches, still residues, oil foots and the like, of vegetable 
or animal origin, are of similar nature in that only small 
percentages of fatty acids are present. In these products 
the other constituents do not usually include any rosin 
acids but are instead polymerization products and other 
non-saponi?able materials. 
For economic reasons the preferred polyamine used 

in the preparation of our reagent is commercial diethyl 
ene triamine which also contains minor amounts of tri 
ethylene tetramine, tetraethylene pentamine and ethylene 
diamine. Any commercial alkylene polyamine or poly 
alkylene polyamine is, however, suitable, and in the in 
terest of simplicity such are herein referred to as poly 
amines. In preparing the reagent one molecular equiva 
lent of the polyamine is reacted with from 2.5 to 18 mo 
lecular equivalents of the fatty product, based on an 
average combining weight of 340 for the fatty product, 
which is the combining weight of most crude tall oils and 
close to the combining weight of tall oil pitch and 
equivalent crude fatty products. Reacting diethylene 
triamine with the fatty product, we have found a molar 
ratio of 1 to 2.5-6 to be the most advantageous, and 
when reacted with tall oil or tall oil pitch excellent 
results have been obtained with a molar ratio of 1 to 3. 
Reacting triethylene tetramine with the fatty product, 
from 2.5 to 12 molecular equivalents of fatty product for 
each molecular equivalent of this polyamine is preferable, 
and with tetraethylene pentamine from 2.5 to 18 molecu 
lar equivalents of fatty product may advantageously be 
reacted with one molecular equivalent of the polyamine. 
According to our present preferred method of prepar 

ing the new reagent, 9 parts by weight (i. e. 3 molecular 
equivalents) of tall oil pitch (or tall oil or equivalent 
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crude fatty product) are thoroughly mixed with 1 part 
by weight (i. e. 1 molecular equivalent) of crude com 
mercial diethylene triamine at a temperature just high 
enough to melt the pitch (or at room temperature if 
liquid reactants are used). This mixture is heated as 
rapidly as possible and quickly attains a temperature of 
240° F. Water then begins to come off and the tem 
perature rises more gradually to 315° F. with some froth 
ing of the reacting mixture. At 315° F. the temperature 
again begins to rise rapidly, and at 400-425° F. the re 
action is substantially complete and the reagent is ready 
for use. 
The reagent is insoluble and non-dispersible in water, 

and hence is customarily used in solution in a suitable hy 
drocarbon distillate, such as kerosene, or in any one of 
the commonly-used frother alcohols. In addition to kero 
sene, other hydrocarbon distillates such as benzol, naph 
tha, fuel oil, and the like may be equally well used as 
solvents. Suitable frother alcohols are di-isobutyl car 
binol, methyl isobutyl carbinol, mixed primary amyl alco 
hols, and the like. The frothing quality of the alcohol is 
not a required characteristic in mixtures of the new re 
agent therewith, since the reagent serves equally well 
where no type of frother is present. The new reagent 
does not itself possess any frothing characteristic, and its 
activity and e?iciency as a cationic ?otation collector or 
promoter are primarily due to its unusually strong ag 
glomerating action and the rapidity with which agglom 
erates are formed. 

In order to facilitate solution, the hot reagent is run 
into the solvent (e. g. kerosene) in which it is intended 
to be used as soon as it has cooled su?iciently to prevent 
any hazard from combustion of the solvent, and is made 
up to the desired concentration in the solvent, generally in 
the proportion of from 10 to 60% by weight of reagent 
to 90 to 40% by weight of solvent. The preferred range 
of pH of the reagent or of the reagent in a neutral solvent 
is from 7.4 to 8.4, more speci?cally 8.25 pH, as a silica 
collector in the separation of silica from phosphate in 
?otation processes, although in the ?otation treatment of 
other ores the pH of the reagent may vary from 7 to 9. 
The cool reaction mixture, when not diluted with solvent 
while hot, sets to a hard and di?icultly-soluble mahogany 
colored solid._ For this reason it is preferred to dilute 
the hot reaction product with at least a portion of the 
solvent. When the reagent-solvent mixture is made up 
to contain 1 part of reagent and 4 parts of kerosene, a 
reagent mixture results which, when applied as the col 
lector-promoter in the cleaner or amine circuit of the 
double-?oat phosphate ?otation process, yields a superior 
performing collector which rapidly agglomerates the 
particles of silica, silicates, heavy minerals and other 
gangue materials into a tightly agglomerated over?ow 
froth. 

Although it is preferred to use reactants which do not 
contain water, the fact that tall oil usually contains water 
and commercial ethylene diamine, for example, contains 
from 15 to 40% water in no way interferes with the 
preparation of the reagent. This water is generally ex 
pelled during the reaction, passing off at a temperature 
below 260° F., at which temperature water formed by 
the reaction itself begins to pass off. 

In order to facilitate the handling of pitches, still 
residues, and even crude tall oil, these may be cut or 
diluted with a ?uid fuel oil of, for example, 20° API, 
kerosene or other suitable petroleum distillate, and in 
the cases where these are not desirable with any other 
high boiling point diluent. The polymerization condensa 
tion reaction is then carried out in the presence of the 
diluent which has the bene?cial effect of reducing froth 
during the reaction. The ?nal temperature of reaction 
is not altered and an equally potent and e?icient reagent 
is produced by this procedure which has the further ad 
vantage of permitting pumping of both reacting materials. 
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Dilution may be to the extent of 50% of the pitch (or 
other residual product) used, in which case of course the 
ratio of pitch plus diluent to polyamine is increased two 
fold. When the reagent (reaction product) is prepared 
with a mixture of fuel oil (or other diluent) and pitch 
(or other residual product) and is made into a reagent 
solvent mixture for use in the ?otation process, the quan 
tity of fuel oil (or other diluent) present is considered ' 
as part of the required kerosene (or other reagent-sol 
vent), since the pitch-diluent and reagent-solvent function 
similarly in the ?otation process. 

Close pH control in the preparation of the reagent is 
very important, but after the reagent (or a solution there 
of in a neutral solvent) has been prepared with a pH 
within the aforementioned ranges, the pH of the mineral 
pulp to which it is added as a silica collector may vary 
within the range of 6 to 9. For example, the deoiled 
and deacidi?ed phosphate rougher concentrate in the 
double ?oat practice customarily has a pH around 6.5 
(and occasionally even lower), and when diluted with 
water of a pH around 7.2 gives a mineral pulp whose 
pH is in the neighborhood of 7. The agent of the inven 
tion having a pH between 7.4 and 8.4 (and preferably 
about 8.25 at which pH optimum separation is attained) 
functions particularly well as a silica collector in such a 
pulp. On the other hand, the potency of the reagent is 
sharply reduced by treatment thereof with a strong min 
eral acid. Moreover, the potency of the reagent as a 
silica collector decreases when the pH of the mineral 
pulp undergoing ?otation is about 9 and higher. In a 
mineral pulp having a pH of about 10 and higher, the 
polarity of the reagent reverses and it becomes a col 
lector for phosphate values. 
The fact that the reagent can be used to ?oat either 

silica or phosphate values by control of the pH and con 
ditioning of the mineral pulp undergoing ?otation is one 
of its startling characteristics. When a silica-bearing 
froth produced with the reagent of the invention is col 
lected, dewatered and conditioned in a thick pulp of from 
40 to 70% solids in the presence of sufficient sodium hy 
droxide (NaOH) solution to produce a pH of from 10 
to 14 (and more speci?cally 12.5) and from 0.3 pounds 
to 2.0 pounds of fuel oil per ton of dry solids in the 
froth, and this mixture is conditioned for from 15 to 90 
seconds and again subjected to a ?otation process, the 
polarity of the collector reagent reverses, and a phos 
phate-bearing froth is collected while most of the silica, 
silicates, heavy minerals and other gangue materials re 
main in the ?otation cell. The reagent cannot be regen 
erated to a silica collector no matter what pH is given 
the pulp. Thus, when the ?oated phosphate-bearing ma 
terial is again brought to a pH of 6.5 to 7.5 and re?oated, 
the residual silica, silicates, heavy minerals and other 
gangue materials drop out in the tailings and a high grade 
phosphate froth is produced. Other variations of pH 
yield more or less contaminated products. 
The fact that our new reagent is readily produced from 

the very cheapest and crudest raw materials make it very 
attractive from an economic standpoint. At the present 
time the new reagent compares very favorably with any 
of the cationic collectors now being marketed, in effi 
ciency as well as selectivity in the ?otation processes in 
which they are employed. Its cost, however, is less than 
one fourth that of the cheapest cationic collector-pro 
moter currently on the market. In many cases the pound 
age of the new reagent required per ton of ore treated 
is only about 50% of that required when a presently 
available commercial cationic collector is used. The fact 
that the new reagent can be used in kerosene as a solvent 
makes it additionally attractive in that kerosene is prob 
ably the cheapest available solvent for a collector-pro 
moter of this general type. In addition to kerosene, the 
reagent may be dissolved in any other suitable hydrocar 
bon distillate or frother alcohol. 
We are aware that cationic ?otation reagents have here 
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tofore been prepared by reacting a polyalkylene poly 
amine with a fatty acid, fatty acid glyceride or other 
ester, usually in a mol to mol ratio, at a temperature in 
excess of 250° C., which is very near the cyclization 
point, even though cyclization is not complete below 
280° C. Our reagent is formed far below the tempera 
ture where any cyclization takes place. The prior art 
reactants are substantially pure compounds, as contrasted 
with the crude heterogeneous mixtures and commercial 
grades of polyamine used in the preparation of our re 
agent. The molar ratio of fatty product to polyamine in 
our reagent (at least 2.5 to 1, preferably 3 to l, and as 
high as 18 to 1) is higher than that of the corresponding 
reactants of the prior art reagents. The selectivity of our 
reagent increases with increase in the molar ratio of 
fatty product to polyamine. The prior art reagents do 
not possess the distinctively desirable and advantageous 
properties that characterizeour reagent. , 
Our reagent is neither soluble nor dispersible in water, 

is incapable of forming acid addition salts, and is almost 
completely deactivated by concentrated sulphuric acid. 
The prior art reagents are water soluble or water dis 
persible, combine with acids to yield water soluble salts, 
and for the most part their ?otation properties are en 
hanced'by treatment with concentrated sulphuric acid. 
The prior art reagents are not reversible in polarity, while 
the polarity of our reagent can be reversed by pH ad 
justment of the mineral pulp undergoing ?otation. The 
amine-type ?otation agents presently available have mo 
lecular weights not exceeding about 900, while the re 
action product reagent of the invention has a molecular 
weight of from 1000 to 6000, based on a combining 
weight of 340 forthe fatty product. 
The following examples, illustrating various embodi 

ments of the invention, show the effectiveness of the new 
reagent with phosphate ore, in the concentration of which 
the reagent makes possible a superior and more economic 
concentration in a froth of the gangue materials and 
silica. In all examples only the actual amount of the 
reagent (collector) is reported. The amount of re 
agent-solvent mixture may be readily calculated from 
the ratio of reagent to solvent in the mixture. Except 
as otherwise noted the tests were carried out in a labo 
ratory size Fagergren ?otation machine, silica, silicates, 
heavy minerals and other gangue materials‘being ?oated 
and reported as “tails.” The examples are in no may to 
be construed as limiting the scope of the invention. 

EXAMPLE 1 

The reagent used was prepared from 72 grams of 
crude tall oil and 8 grams of commercial diethylene tri 
amine; a molar ratio of approximately 3 to 1. The two 
reactants were mixed cold and when thoroughly mixed 
the mixture was rapidly heated to 400° F. The hot re 
action product (reagent) was diluted with kerosene to 
produce a mixture of 20% reagent and 80% kerosene and 
was so used in the tests. 
The deoiled rougher ?otation concentrate which was 

used as feed analyzed 70.69% BPL (bone phosphate of 
lime) and 12.56% silica determined (as customary in 
the phosphate industry) as insolubles. 

Cone. 
Tails, Percent Reagent, 

Test N0. Percent B lbs./ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. 

74. 27 7.37 13.02 98.9 0.07 
77. 00 4. 90 15. 14 97. 8 0. 15 
78. 23 3. 82 18. 45 96. 7 0. 23 
79. 30 3. 21 18.97 96.1 0. 31 

EXAMPLE 2 

The reagent used was the same as in Example 1, but 
in a mixture of 30% reagent and 70% kerosene. The 
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feed was a deoiled rougher ?otation concentrate as in 
Example 1. ' 3 

Cone. 
Tails, Percent Reagent, 

Test N 0. Percent BPL lbs./ton 
Percent I Percent BPL Recovery Conc. 
BPL Insol. 

77.02 4. 48 12. 15 98. 4 0. 35 
77. 90 3. 59 14. 09 97. 7 0. 54 I 
78. 95 2. 69 13. 98 97. 5 0. 73 
78. 47 2. 40 15. 62 97. 2 0.90 

This reagent mixture handles well and it will be noted‘ 
that an appreciable decrease in phosphate value in the 
tails is obtained. 

EXAMPLE 3 

The reagent used was the same as in Example 1, but in 
a mixture of 40% reagent and 60% kerosene. The feed 
was again a deoiled rougher ?otation concentrate as in 
Example 1. 

Gonc. 
Tails, Percent Reagent, 

Test No. Percent BPL lbs/ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. . 

78.23 3. 97 10. 38 98. 4 0. 48 
78. 69 2. 96 11. 34 98.0 0.75 
79.45 2. 84 13.81 97 5 0.91 

EXAMPLE 4 

The reagent used was the same as in Example 1, but 
in a mixture of 50% reagent and, 50% kerosene. This 
resulted in a very_viscous di?iculty pumpable reagent 
mixture and results are not improved by the heavy con 
centration of reagent. The feed was the same as in 
Example 1. 

Cone. 
Tails, Percent Reagent, 

Test N0. Percent BPL lbs./t0n 
Percent Percent B L Recovery 0011c. 
BPL Insol. 

75. 89 6.27 7.10 99.1 0.32 
78. 03 3. 55 11. 28 98. 2 0. 65 
78. 60 3. 21 13. 81 97. 6 0.83 
78.33 2. 96 13. 77 97. 6 0. 93 

EXAMPLE 5 

The tests of the foregoing examples were carried out 
in a laboratory ?otation machine. The tests of the pres— 
ent example were conducted on a commercial plant 
scale. The reagent used was the same as in Example 1, 
in a mixture of 20% reagent and 80% kerosene. The 
feed was a deoiled rougher ?otation concentrate having 
an average analysis of 74.53% BPL and 7.33% insolu 
bles. . 

Oonc. 
Tails, Percent Reagent, 

Test N0. Percent BPL lbs/ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. 

77. 00 3. 33 40. 97 96. 2 0. 28 
77.02 3. 04 40. 06 96. 7 0. 42 
79. 01 2. 64 41. 98 92. 6 0. 49 

EXAMPLE 6 

In the foregoing examples, the effectiveness of the new 
reagent in removing silica and other. gangue materials 
from a deoiled rougher ?otation concentrate is shown. 
In the present example the feed was a raw phosphate ore 
from which a much greater amount of impurities needed 
to be removed. Thus, the feed was a deslimed phosphate 
ore which had been screened through a 14 mesh Tyler 

'_ sieve to remove the oversize. It analyzed 23.58% BPL 



and 68.03% insolubles, and was used without additional 
treatment or conditioning. 

Cone. 
Tails, Percent Reagent, 
Percent BPL lbs/ton 

Percent Percent BPL Recovery Cone. 
BPL Insol. 

67. 43 15. 89 3. 80 88. 5 0.6 

The new reagent showed excellent potency in upgrading 
the phosphatic material. 
No attempt was made in this test to produce a ?nished 

concentrate. The purpose of the test was to illustrate 
the effectiveness of the new reagent in producing a 
rougher concentrate by making a bulk silica removal. 
This rougher concentrate is comparable to that obtained 
in the present conventional fatty acid-fuel oil-caustic 
?oat, but does not require the costly deoiling step.This 
effects a noteworthy saving in that no sulfuric acid is 
required and no attrition loss occurs. The rougher con 
centrate from the bulk silica removal can be directly 
transported to the cleaner circuit for removal of residual 
silica, without even dewatering, in a properly planned 
?ow sheet. 

EXAMPLE 7 

In order to illustrate the effectiveness of the new 
reagent in a solvent other than kerosene, the reagent was 
made up in a 50/50 mixture with Acintene C a sulfated 
turpentine product produced by Arizona Chemical Com 
pany. Acintene C has no collector properties, but does 
exhibit frothing qualities. The reagent used was the 
same as in Example 1. The feed was the same as in 
Example 6. 

Cone. 
Tails, Percent Reagent, 
Percent lbs/ton 

Percent Percent BPL Recovery Cone. 
BPL Insol. 

70.29 16.02 4.72 i 86.1 1 0.67 

EXAMPLES 8 TO 11 

These examples show the results of several days con 
tinuous plant run of phosphate ?otation using the new 
reagent prepared in a ratio of 9 parts crude tall oil and 1 
part commercial diethylene triamine. Feed to the amine 
?otation section of the plant consisted of a rougher 
phosphate ?otation concentrate obtained by the present 
conventional fatty acid-fuel oil-caustic process. This 
rougher phosphate concentrate was thoroughly deoiled by 
agitation in the presence of sulfuric acid and then rinsed 
thoroughly with water. The feed was then subjected to 
a cleaner ?otation step using the new reagent in a mix 
ture of 20% reagent and 80% kerosene. Asilica-bear 
ing froth was removed and a ?nished phosphate concen 
trate was continuously discharged in the under?ow. The 
feed had an average analysis of 72.28% BPL and 10.73% 
insolubles. 

Gone. 
Tails, Percent Reagent, 
Percent BPL lbs/ton 

Percent Percent BPL Recovery Cone. 
BPL Insol. 

Example 8 ______ .. 75. 63 2. 60 28. 33 93.3 0.31 
Example 9 ______ __ 76. 35 2.12 29. 44 97.1 0.60 
Example 10 _____ __ 75. 76 3. 24 29. 44 96. 2 0. 41 
Example 11 _____ .. 76. 60 2. 97 28.00 98. O 0.61 

Comp. Ave _____ -_ 76. 09 2.73 28. 80 96.8 0.48 
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EXAMPLE 12 
The reagent was made by heating a mixture of 70 

parts of tall oil pitch and 8.5 parts of commercial 
diethylene triamine to 400° F. where the reaction is com 
plete. The reagent was used in a mixture of 70% kero 
sene and 30% reagent in the amounts noted. In Part I, 
the feed Was a raw phosphate ore analyzing 39.40% 
BPL and 49.61% insolubles which had been previously 
deslimed, and in Part II, the feed was a deoiled rougher 
phosphate concentrate analyzing 74.64% BPL and 7.40% 
insolubles. 

Part I 

Cone. 
Tails, Percent Reagent, 

Test N 0. Percent BPL lbs/ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. 

57. 03 26. 70 11. 36 88.51 0.32 
62. 89 20. 71 12. 56 85. 13 0. 45 
67. 78 13. 93 17. 04 74.08 0. 60 

Part II 

Cone. 
Tails, Percent Reagent, 

Test No. Percent BPL lbs/ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. 

77. 40 4.01 19.05 98. 79 0. 21 
78. 79 2. 89 23. 42 98.08 0. 32 

________________ __ 80. 17 2. 66 27. 47 97. 61 0. 42 

EXAMPLE 13 

This example illustrates the e?ect of one of the frother 
alcohols on the ?oat when the new reagent is used as a 
collector. It will be noted that the frother alcohol does 
not promote the ?oat. The reagent was the same as used 
in Example 12, except that it was used in a mixture of 
50% reagent and 50% di-iso-butyl carbinol. The feeds 
in Parts I and II were the same as in Parts I and II, re 
spectively, of Example 12. 

Part 1 

Cone. 
Tails, Percent Reagent, 

Test N 0. Percent BPL lbs/ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. 

46. 78 40. 04 12. 61 92.02 0. 51 
49. 38 39. 55 15. 51 89.74 0.75 
48. 29 40.01 27. 75 82. 13 1.00 

Part 11 

Cone. 
Tails, Percent Reagent, 

Test No. Percent BPL 1bs./ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. 

75. 93 4. 49 46. 21 95. 67 0.37 
76. 63 4. 51 50. 54 93.57 0.55 
77. 24 4. 64 51. 46 94. 50 0. 74 

EXAMPLE 14 

The reagent used in this example was prepared by re 
acting 72 parts of a grease recovery residue pitch with 8.5 
parts of diethylene triamine at 400° F. The reaction 
product was made into a ?uid mixture with kerosene in 
the proportions of 30% reagent and 70% kerosene. The 
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feed was a deoiled rougher phosphate concentrate analyz 
ing 74.64% BPL and 7.40% insol. 

Cone. 
Tails, Percent Reagent, 

Test No. Percent BPL lbs/ton 
* Percent Percent BPL Recovery Cone. 

BPL Insol. 

75. 93 5. 20 11 69 99. 46 0 38 
77.07 4.13 18 40 98.94 0 55 
76.89 3. 97 22 07 98.36 0 75 

EXAMPLE 15 

This example illustrates the unique characteristic of the 
reagent of polarity reversion; the reagent acting ?rst as a 
silica collector and then as a phosphate collector. _ 
A raw feed which had been thoroughly deslimed and 

then screened to remove all plus 14 mesh material was 
used in the tests. The feed analyzed 39.55% BPL and 
contained 49.39% insolubles. I 

The feed was weighed into a laboratory ?otation cell 
and the pulp diluted to approximately 10% solids. The 
reagent used in test No. 1 was prepared from tall oil pitch 
(and in tests Nos. 2, 3 and 4 from tall oil) and com 
mercial diethylene triamine in molecular equivalents of 
approximately 3 to 1, respectively, and in all tests was 
used in a mixture of 30% reagent and 70% kerosene. 
‘pH of the raw feed was 7.70 and after the addition of re 
agent increased to 7.78. The pulp and reagents were 
conditioned with air off for 3 seconds in order to di?use 
the reagent through the pulp, then air was admitted 'and 
a silica bearing froth was removed which was rich in 
phosphate, leaving the phosphate concentrate (cone. 1) in 
the under?ow. The froth product (orig. tails) was then 
dewatered to about 50% solids and transferred to a 
laboratory conditioner where the appropriate quantity of 
fuel oil (see table) and sodium hydroxide su?icient to 
raise the pH to from 10 'to 14 were added and this pulp 
conditioned for 30 seconds, after which it was transferred 
to the ?otation cell and a phosphate ?oat concentrate re 
moved leaving the silica and other gangue materials in 
the under?ow. This is tail I in the table and was dis 
carded. The phosphate froth was returned to the ?ota 
tion cell and its pH adjusted to from 7.0 to 8.5 with sul 
furic acid and re?oated to remove a phosphate ?oat con 
centrate (cone. II), while in the under?ow the residual 
silica and other gangue materials were dropped out, con 
stituting tails II in the table. The original tailing was 
calculated. 

1st Float Products Re?oat Products 

Gone. I Orig. Tails I, Tails Cone. II 
Test No. Tails, Per- II, Per 

Per- cent cent 
Per- Per- cent BPL BPL Per- Per 
cent cent BPL cent cent 
BPL Insol. BPL Insol 

.38 13. 57 19.13 6.16 29.19 68. 83 14.83 

. 06 15. 92 13. 58 2. 40 4. 72 63. 00 22. 59 

. 22 6. 70 21. 58 0. 66 2. 62 59. 33 24. 70 
_________ -_ 68. 57 12. 64 14. 36 2. 23 11. 49 37. 61 53. 24 

Percent BPL Recovery Reagents Usedi‘lblliTon of Original 
. ee 

Test Oonc. 1st Re?oat Reagents 
N 0. Total Fllzoat NaOH 

9. 
I II agent ' Fuel H2504 

Oil 

11.37 83.69 0. 77 1.15 0.31 1. 1 
14. 00 96. 94 0. 82 2. 30 0. 60 1. 1 
35.03 98. 68 0.88 2. 48 - 0.94 0.8 
12. 15 92.05 0. 78 2. 61 0. 54 1. 1 

In test No. 4 the fuel oil contained 20% ‘of tall oil. to 
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show that free tall oil is not helpful to the ?oat and the 
reversion can not be due to the presence of free tall oil 
in the original reagent. 

EXAMPLE 16 

In preparing the reagent, 96 grams (0.28 mol) of tall 
oil was reacted with 10 grams (0.05 mol) of tetraethylene 
pentamine by heating to 420° F. where the reaction was 
complete. The ratio of polyamine to tall oil was 1 mol to 
5.6 mols. The reaction product obtained was, on cool 
ing, a dark brown to black solid. This was made into a 
mixture of kerosene 70% and reagent 30%. In Part I, the 
feed was a raw phosphate ore which had been screened 
through 14 mesh and thoroughly deslimed, analyzing 
38.43% BPL and 50.37% insolubles. In Part II, the feed 
was a deoiled rougher concentrate analyzing 72.49% 
BPL and 9.61% insolubles. 

Part I 

Cone. 
Tails, Percent Reagent, 

Test No. Percent BPL lbs/ton 
Percent Percent B L Recovery Cone. 
BPL Insol. 

1 ________________ __ 58. 67 25. 48 5. 72 4. 3 1. 35 
2 ________________ __ 61. 75 20. 92 8.22 91.1 1. 67 

Part II 

Cone. 
Tails, Percent Reagent, 

Test No. Percent BPL lbs/ton 
Percent Percent. BPL Recovery Conc. 
BPL Insol. 

78. 34 3. 04 9. 72 99. 0 0. 39 
77. 86 2. 55 10. 51 98. 9 0. 47 

EXAMPLE 17 

In preparing the reagent, 60 grams (0.18 mol) tall oil 
was reacted with 10 grams (0.07 mol) triethylene tetra 
mine by heating to 420° F. where the reaction was com 
plete. The ratio of polyamine to tall oil was 1 mol to 
2.57 mols. The reaction product obtained was made into 
a mixture 70% kerosene and 30% reagent. In Part I, the 
feed was‘ minus 14 mesh raw phosphate ore thoroughly 
deslimed, analyzing 38.43% BPL and 50.37% insolubles. 
In Part II, the feed was a deoiled rougher concentrate 
analyzing 72.49% BPL and 9.61% insolubles. 

Part 1 

Cone. 
Tails, Percent Reagent, 

Test No. Percent BPL lbs/ton 
Percent Percent BPL Recovery Cone. 
BPL Insol. 

1 ________________ ._ 54.19 31. 75 9. 00 91. 9 1.19 
2 ________________ _ _ 58.06 25.77 13.46 84.8 1. 80 

Part II 

00110. . 

Tails, Percent Reagent, 
Test N 0. Percent BPL lbs/ton 

Percent Percent BPL Recovery Cone. 
BPL Insol. 

3 ________________ .. 77. 79 _ 2. 92 14. 84 98. 2 0. 40 
4 ________________ .- 76. 63 4. 1 12. 67 98. 9 0.31 

EXAMPLE 18 

In preparing the reagent, 204 grams (0.6 mol) of tall 
oil Was reacted with 18.9 grams (0.1 mol) tetraethylene 
pentamine by heating to 425° P. where the reaction was 
complete. The ratio of polyamine to tall oil was 1 mol 
to 6 mols. The reaction product was made into a mixture 
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of 70% kerosene and 30% reagent. The feed in both 
parts was a raw phosphate ore which ‘had been deslimed 
and screened through 14 mesh, analyzing 25.90% BPL 
and 66.19% insolubles. In Part II the silica froth was 
re?oated (cleaned) once to produce a middling which was 
the drop-out or under?ow product. 

Part I.—-Reagent 2.15 lbs./ ton conc. 

Percent 
Product Percent Percent BPL 

BPL Insol. Recov 
cry 

Concentrate ______ .. 64. 50 17. 43 88. 8 
Telling __________ . . 4. 48 92. 34 11. 2 

Part II.-—-Reagent 1.67 lbs./ ton cone. 

Percent 
Product Percent Percent BPL 

BPL Insol. Recov 
EI'S’ 

63. 89 18.63 91. 7 
19. 45 73. 96 2. 6 
2. 34 95. 95 5. 7 

EXAMPLE 19 

In preparing the reagent, 408 grams (1.2 mol) of tall oil 
was reacted with 18.9 (0.1 mol) tetraethylene pentamine 
by heating to 415 ° P. where the reaction was complete. 
The ratio of polyamine to tall oil was 1 mol to 12 mols. 
The reaction product was made into a mixture of 70% 
kerosene and 30% reagent. The feed was a raw deslimed 
ore screened through 14 mesh and analyzing 25.90% 
BPL and 66.19% insolubles. The silica froth was re 
?oated once to produce a middling which was the under 
?ow product. 

Reagent 1.65 lb./t0n conc. 

Percent 
Product Percent Percent B]? L 

BPL Insol. Recov 
9W 

Concentrate __________________________ _ _ 61. 36 21. 84 92. 7 
Middling _____ .. 34. 61 54. 57 2. 7 
'I‘ailing _______________________________ _ . 1. 92 96. 48 4. 6 

EXAMPLE 20 

In preparing the reagent, 61.2 grams (1.8 mol) of tall oil 
was reacted with 18.9 grams (0.1 mol) of tetraethylene 
pentamine by heating to 415° P. where the reaction was 
complete. The ratio of polyamine to tall oil was 1 mol 
to 18 mols. The reaction product was made into a mix 
ture of 70% kerosene and 30% reagent. The feed was 
a raw phosphate ore, dcslirned and screened through 14 
mesh and analyzing 25.90% BPL and 66.19% insolubles. 
The silica froth was re?oated once to produce a middling‘ 
product as under?ow which can be recirculated to the feed. 

Reagent 2.76 lbs./t0n conc. 

Percent 
Product Percent Percent BPL 

BPL Insol. Recov 
' ery 

Concentrate __________________________ _ i 48. 64 37.03 95. 2 
Middling ____ ._ _. ._ 16.15 78. 84 1. 2 

Tailing ............................... 1.88 I 96.55 as 
1 

EXAMPLE 21 

in preparing the reagent 204.0 grams (0.6 mol) of tall 
oil was reacted with 10.3 grams (0.1 mol) diethylene 
triamine by heating to 400° F. where the reaction was 
complete. ‘The ratio of polyamine to tall oil was 1 mol 
to 6 mols. The reaction‘ product was made into a mix 
ture of 70% kerosene and 30% reagent. The feed was a 
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12 
raw phosphate ore which had been screened through 14 
mesh and then deslimed and analyzed 39.97% BPL 
and 49.46% insolubles. The silica froth was re?oated 
once to produce a middling product as under?ow. 

Reagent 1.00 lbs./t0n cone. 

Percent 
Product Percent Pcrcent BPL 

BPL Insol. Recov 
cry 

57. 51 27. 20 93. 7 
9. 90 87. 71 1. 5 

Telling _______________________________ 1. 3. 87 95. 31 4. 8 

The foregoing Example 15 illustrates the reversibility 
of our reagent by pH control of the mineral pulp under 
going ?otation, thus permitting the removal of a phos 
phate concentrate ?oat from the original silica (?oat) 
tailings merely by adjustment of the pH values. The 
same reagent used to ?oat the silica (tailings) is used in 
a second ?otation step to ?oat the residual phosphate 
values in the silica ?oat merely by thickening the froth 
somewhat, adding caustic to a high pH, adding a very 
small amount of fuel oil, conditioning for 30 seconds, and 
then floating off the phosphate. A rough pH control is 
all that is required. No additional collector reagent is 
added and the polarity of that very small quantity already 
on the froth particles reverses and accomplishes the second 
and third (cleaner) ?otation steps. 
We are unable to explain the mechanics of the reversi 

bility of our reagent, although there is evidence that the 
reaction product (reagent) may be in the nature of a tall 
oil (or equivalent fatty product) salt of polyacyl di 
ethylene triamine which is a silica collector. When a 
phosphate-rich silica ?oat obtained with our reagent is 
made strongly alkaline with sodium hydroxide, the weak 
salt bond may be ruptured and the liberated tall oil may 
then react with the excess sodium hydroxide to form a 
soap on the already coated phosphate particles and at the 
same time deactivating the original silica collector. When 
a small amount of fuel oil is now added to the pulp, the 
soap-coated phosphate particles ?oat free of the silica 
on which the reagent is deactivated. This explanation is 
offered without prejudice and with no intention of re 
stricting the invention thereto. 

Contrasted with comparative collectors heretofore com 
mercially available, our reagent possesses equally good, 
if not better, selectivity and markedly superior potency. 
The superior potency of the reagent is evidenced by the 
rapidity with which it functions after introduction into 
the mineral pulp and by the smaller amount of reagent 
required. The low cost of the reagent itself and the de 
creased amount required are among its special economic 
advantages. Additionally, the reagent very rapidly ag 
glomerates particles of silica, silicates, heavy minerals 
(e. g. ilmenite, rutile, zircon, staurolite and kyanite) and 
other gangue materials into a tightly agglomerated over 
?ow froth. The rapidity with which such agglomerates 
are formed upon introducing the reagent into the mineral 
pulp accounts, we believe, for the fact that the reagent 
functions satisfactorily as a silica collector in neutral or 
even slightly acid (e. g. pH of 6—7) pulps, whereas close 
pH control of the reagent itself is important. 
The pH of the reagent is determined by subjecting to 

the conventional method of pH measurement a mixture 
of equal volumes of (1) methanol and (2) a solution 
made up of 30% reagent and 70% kerosene. The ob 
served pH reading of that measurement is taken as the 1 
pH of the reagent (reaction product). By such a pH 
determination, the reactants (i. e. fatty product and poly 
amine) are so selected or controlled that the pH of the 
reaction product (reagent) is within the range of 7 to 9, 
and preferably within the, range of 7.4 to 8.4 as a silica 
collector. With substantially neutral solvents for the 
fatty product (when used) and for the reagent, the initial 

___L__, __‘ _ J’ 
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pH of the reagent-solvent mixture when introduced into 
the mineral pulp will be substantially the same as that of 
the reagent itself. 7 

While our reagent is particularly adapted for the bene 
?ciation of phosphate ores by ?otation, it can be used 
with advantage in bene?ciating other ores by ?otation, 
such as iron ores, barite, calcite, feldspar, ?uorspar, 
kyanite, industrial sands, etc. 
We claim: 
1. A ?otation reagent comprising the polymerization 

condensation reaction product of from 2.5 to 18 molecular 
equivalents of a commercially crude product selected 
from the group consisting of crude tall oil and tall oil 
pitch reacted with one molecular equivalent of a com 
mercial polyalkylene polyamine at a temperature of from 
about 300 to 425° F., and characterized by the property 
of being capable of exercising reversible polarity in a 
?otation operation by a variation in the pH of the mineral 
pulp undergoing ?otation. 

2. A ?otation reagent according to claim 1 in which the 
polyamine is commercial diethylene triamine. 

3. A ?otation reagent comprising the polymerization 
condensation reaction product of from 2.5 to 6 molecular 
equivalents of a commercially crude product selected 
from the group consisting of crude tall oil and tall oil 
pitch reacted with one molecular equivalent of commer 
cial diethylene triamine at a temperature of from about 
300 to 425 ° F., and characterized by the property of being 
capable of exercising reversible polarity in a ?otation 
operation by a variation in the pH of the mineral pulp _ 
undergoing ?otation. 

4. A ?otation reagent comprising the polymerization 
condensation reaction product resulting from heating to 
an ultimate temperature of from about 300 to 425° F. a 
mixture of one molecular equivalent of commercial di 
ethylene triamine with from 2.5 to 6 molecular equivalents 
of crude tall oil. 

5. A ?otation reagent comprising the polymerization 
condensation reaction product of about 9 parts by weight 
of tall oil pitch reacted with 1 part by weight of com 
mercial diethylene triamine at a temperature of from 
about 300 to 425° F., and characterized by the property 
of being capable of exercising reversible polarity in a ?o 
tation operation by a variation in the pH of the mineral 
pulp undergoing ?otation. 

6. The method of preparing a ?otation reagent which 
comprises reacting at a temperature of from about 300 
to 425° F. a mixture of one molecular equivalent of a 
polyalkylene polyamine with from 2.5 to 18 molecular 
equivalents of a commercially crude product selected 
from the group consisting of crude tall oil and tall oil 
pitch, and dissolving the resulting polymerization conden 
sation reaction product while still hot in a solvent therefor 
selected from the group consisting of hydrocarbon dis 
tillates and frother alcohols in the proportion of from 10 
to 60% reaction product to 90 to 40% solvent. 

7. The method of claim 6 in which the solvent is kero 
sene. 

8. The method of claim 6 in which the polyamine is 
commercial diethylene triamine and the crude product 
is tall oil pitch. 

9. The method of claim 8 in which the solvent is kero 
sene. 

10. The method of preparing a ?otation reagent which 
comprises dissolving in a hydrocarbon distillate a com 
mercially crude fatty product selected from the group 
consisting of tall oil and tall oil pitch, reacting at a tem— 
perature of from 300 to 425° F. a mixture of the result 
ing solution with a commercial polyalkylene polyamine 
in the proportion of from 2.5 to 18 molecular equivalents 
of the crude fatty product and 1 molecular equivalent 
of the polyamine, and dissolving the resulting polymeriza 
tion condensation reaction product while still hot in a 
hydrocarbon distillate, the combined amounts of the 
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aforementioned hydrocarbon distillates constituting from 
40 to 90% of the resulting solution of the hot reaction 
product. 

11. A ?otation reagent comprising the polymerization 
condensation reaction product of from 2.5 to 18 molec 
ular equivalents of a commercially crude fatty product 
selected from the group consisting of crude tall oil and 
tall oil pitch reacted with one molecular equivalent of 
tetraethylene pentamine at a temperature of from about 
300 to 425 ° F., and characterized by the vproperty of 
being capable of exercising reversible polarity in a ?ota 
tion operation by a variation in the pH of the mineral 
pulp undergoing ?otation. 

12. A ?otation reagent comprising the polymerization 
condensation reaction product of from 2.5 to 12 molec 
ular equivalents of a commercially crude fatty product 
selected from the group consisting of tall oil and tall 
oil pitch reacted with one molecular equivalent of com 
mercial triethylene tetramine at a temperature of from 
about 300 to 425° F., and characterized by the property 
of being capable of exercising‘reversible polarity in a 
?otation operation by a variation in the pH of the mineral 
pulp undergoing ?otation. 

13. A ?otation reagent comprising the polymerization 
condensation reaction product resulting from heating to 
an ultimate temperature of about 425° F. a mixture of 
one molecular equivalent of commercial diethylene tri 
amine with from 2.5 to 6 molecular equivalents of a 
commercially crude fatty product selected from the group 
consisting of tall oil and tall oil pitch, and characterized 
by the property of being capable of exercising reversible 
polarity in a ?otation operation by a variation in the pH 
of the mineral pulp undergoing ?otation. 

14. The method of preparing a ?otation reagent which 
comprises reacting at a temperature of from about 300 
to 425° F. a mixture of one molecular equivalent of a 
polyalkylene polyamine with from 2.5 to 18 molecular 
equivalents of a commercially crude fatty product selected 
from the group consisting of crude tall oil and tall oil 
pitch, the pH of the reactants being controlled to impart 
to the reaction product a pH within the range of 7 to 9, 
and dissolving the resulting polymerization condensation 
reaction product while still hot in a substantially neutral 
solvent therefor selected from the group consisting of 
hydrocarbon distillates and frother alcohols in the pro 
portion of from 10 to 60% reaction product to 90 to 40% 
solvent. 

15. The method of preparing a ?otation reagent which 
comprises dissolving in a hydrocarbon distillate a com 
mercially crude fatty product selected from the group 
consisting of tall oil and tall oil pitch, reacting at a 
temperature of from 300 to 425° F. a mixture of the 
resulting solution with a commercial polyalkylene poly 
amine in the proportion of from 2.5 to 18 molecular 
equivalents of the crude fatty product and 1 molecular 
equivalent of the polyamine, the pH of the reactants 
being controlled to impart to the reaction product a pH 
within the range of 7 to 9, and dissolving the resulting 
polymerization condensation reaction product while still 
hot in a neutral hydrocarbon distillate, the combined 
amounts of the aforementioned hydrocarbon distillates 
constituting from 40 to 90% of the resulting solution 
or‘ the hot reaction product. 
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