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This invention relates to an improved method
of froth flotation of silica using certain classes
of cationic reagents.

The fiotation of silica by means of various
cationic reagents.has become of considerable im-
portance, particularly in the beneficiation of
‘phosphate ore from the Florida Pebble Phosphate
field because of the fact that it is possible to ob-
tain improved grade. '

A number of cationic flotation reagents have
been proposed, among which the condensation
product of polyalkylene polyamines with fatty
acids have proven to be extraordinarily useful,
both by reason of their activity and the simpler
and less critical flotation proceduye which may
be employed. The use of reagents of this type are
described and claimed in the patent to Christ-
mann, Jayne and Erickson, No. 2,278,060 of
March 31, 1942. The present invention relates to
an improvement in the process of floating silica
using the abovementioned class of reagents.

In the flotation of silica, particularly in phos-

" phate ores, the problem of slime is a critical one
and in many cases it is not sufficient for best
results to completely deslime a fiotation feed be-
cause the flotation operation itself tends to pro-
duce secondary slime from the soft coated sur-
faces of the phosphate particles. This has led to
& process in which the deslimed feed is subjected
to polishing followed by & secondary slime as
described and claimed in the patent to Mead and

- Maust, No. 2,216,040 of September 24, 1940, Im-
proved results are thereby obtained, but at the
expense of further processing steps. It has been
found that polishing may be eliminated or re-
duced if the flotation is carried out very rapidly
‘before any time hag elapsed in the flotation cell
which would permit the formatiocn of secondary
slime. This procedure is described and claimed
in the copending patent of Mead and Maust, No.
2,293,470, issued August 18, 1942. High speed
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in flotation is therefore of great utility in the

removal of silica.

The present invention is based on & temporary

improvement in the speed of flocculation effected
by reagents of the polyalkylene polyamine fatty
acid condensation type. It was found that re-
" agents of this type when formed into g solution
and added to the flotation process colloidal mate-
risl appears to be present and gives a kind of silky
appearance, Speed . of flocculation, while higher
than with many other cationic reagents, is still
not as great as might be desired, and it has been
found that i s water solution of the polyalkylene
polyamine fatty acid condenssticn products are
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heated to approximately 100° C. or the boiling
point, they become clear.. The silky appearance
disappears entirely and the solution remains clear
for a considerable period of time even after cool-
ing down to room temperature. In fact, it takes
about 30 minutes or more before the silky ap-
pearance again sets in and clarification by heat-
ing can be repeated indefinitely. It is not known
just what takes place when the colloida] material
goes into solution. It may be pure solution phe- -
nomenum, or there may be some reversible chem-
ical changes. The invention is not intended to
be limited to any theory of what happens when

" the heating takes place. The importance of the

invention, however, lies in the fact that when

. froth flotation is effected with the clarified solu-

tion an enormously increased flocculation speed
results, and not only is it possible to obtain good
grade with a very rapid flotation but even if the
ordinary flotation time Is used, an improvement
in grade is noted. Maximum improvement re-
sults when the heating is carried out to about
100° C. but improvement starts when the heating
exceeds 30° C. and is quite marked about 65° C.
Therefore while it is preferred to heat to about
100° C,, the invention is not broadly limited to
the use of this particular temperature.

It is probable that speed of flocculation is not
the only phenomens bhecause when a small
amount of reagent in water is subjected to aera-
tion in a flotation cell, the froth characteristics
are quite different. The cold reagent containing
colloidal material produces s brittle froth which
is brittle but will not overflow or perforate the lip
of the machine. When, however, the reagents
have been heated and clarified, the froth is com-
posed of much smaller bubbles which readily
overflow the lip of the flotation cell so that it is
possible to remove a third of the water from the
cell in the form of froth. As froth characteris-
ties are important in most flotation operations, it
seems reasonable to assume that the improve- |
ment in froth obtained by clarifying the reagent
solutfon by heat is a factor in'the improved re-
sult in addition to the Increased speed floccula-
tion which can be demonstrated in a more nearly
quantative manner. However, it is not intended
to limit the invention to any particular theory.

The improved results are shown in the follow-
ing tests which were performed in a laboratory
Fagergren fotation cell and which can be checked
in larger scale operation. :

A standard deslimed phosphate fiotation feed
of —35 mesh obtained from phosphate deposits
in the Florida Pebble Phosphate fleld is condi-
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tioned at high solids in a 2% water solution of
the acetate of a condensation product of coconut
oil fatty acids with a mixture of polyethylene
polyamines containing predominantly diethyl-
enetriamine, triethylenetetramine and tetra-
ethylene-pentamine. A portion was conditioned
with the ordinary cold solution of the reagent
and the other portions conditioned with the re-
agent after heating to 20°, 35°, 50°, 65°, 80° and
100° respectively. In each case after 10 seconds,
the silica froth is skimmed as in standard test

- procedure, the skimming being continued for
approximately 2 minutes which is normally re-

_ferred to as a regular test. After 10 seconds,
however, a small portion of the pulp in the flota-
tion cell is removed from the bottom and analyzed
to determine the amount of beneficiation which
is effected in it for the period of 10 seconds. This
‘is & common test used to determine speed of floc-
culation.

As the greatest importance of the present in-
vention is in improved grade, the results of the
tests are shown in percent of insoluble in the
phosphate tailing which is directly relatable to

grade. The results are shown in the following
table: :
Table I
' Per cent
Solution terperature insoluble in | Seconds floated
phosphate ’
{ 2.80 | Regular test.
10, 40 | 10 seconds.
2.30 | Regular test.
9.20 | 10 seconds
2.20 | Regular test.
8.80 | 10 seconds
{ 1.60 | Regular test.
6.00 | 10 seconds
{ 1.65 | Regular test
4.60 | 10 seconds.
{ 1.50 | Regular test.
2.65 | 10 seconds.

The results of the laboratory test can be ob-
tained on a larger scale but it is not as readily
possible to determine flocculation in 10 seconds
on alarge machine.

The effect of the falling temperature after
clarification was tested by conditioning the same
feed as in Table I with samples of the solution
heated to 100° C. and then cooled down, samples
being used at various temperatures on the way
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down. The result is shown in the following

table:
Table IT

Per cent
insoluble in

Solution temperature
- phosphate

Seconds floated

Regular test.
10 seconds.
Regular test.
10 seconds.
Regular test,
10 seconds.

.!"!‘!"!"!". =, .N.. Fadad
BRB2BELEIBEN

10 seconds.

It will be apparent that the grade on the regu- -

lar test remained substantially constant within
experimerital error, it being impossible to get
quantative results when the percentage of insolu-
ble is down aslowas 1%. ‘
After the solution of reagent had cooled down
to room temperafure, a portion was allowed to
stand for 30 minutes and began to take on &
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slightly milky appearance. When used in this
state for conditioning the phosphate feed the re-
sults were as follows:

Table 111
Per cent
Insoluble in Seconds floated
phosphate
1,60 - Regular test.
4,40 10 seconds.

It will be apparent that while on the regular
test there is as yet no diminution of efficiency,
the speed of flocculation is beginning to drop rap-
idly. After longer standing the results are the
same as a cold solution which has not been clari-
fied. ’

Another test was made to determine how short
a time of flocculation would give useful results
and also to further determine the effect of cool-
ing and standing. The feed was the same as de-

_scribed above and the test procedure was as fol- -

lows:

Batches of feed were agitated in a laboratory
Fagergren machine for 3 seconds, then silica was
floated for various periods of time, after which a
small amount of phosphate was discharged from
the bottom of the cell while the machine was still
running. This sample of phosphate was used to
determine the B. P. L. and insoluble.

The metallurgical results are shown in the fol-
lowing table:

Table IV
Sehuon hesied
o . to
Seconds S%u{(i)%g lé‘fai;t: d make up, then | Solution made
silica floated| make up, then aglrzlngv segrtl?i (;gg] “&g‘(’f% oalgd
before taking, used while hot several hours, .
sample of Used cold.
phosphate 56 .
B.P.L. % Insol. | B. P. L. | Insol. | B. P. L. { Insol.
Regular test. 78.95( 1.70 78.73 1 2.30 78.66 ' 2.55
b 76.10 ) 6.05 | _______
78.51 2.80
78.82 1.95
i
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The results at 10 seconds with cold 1eagent
when compared with reagent that has never been
heated up is not particularly significant. When a
reagent does not flocculate rapidly in an extreme-
ly short test, very wide fiuctuations are to be ex-
pected. The significant factor is that the coid
material in 10 seconds will give no useful grade.

When & slightly different polyalkylene poly-
amine condensation product was used, namely
the condensation product of palm oil with a
mixed polyethylene polyamine, the improvements
noted were similar to reagents showing slightly
different activities.

The invention has been described in more de-
tail in conjunction with the flotation of silica
from phosphate rock as this is the most impor-
tant commercial process at the present time.
However, the action of the reagent is primarily
on the silica and the presence of the phosphate
except insofar as it tends toward slime formation
is secondary. Comparable improved results are
obtained in floating silica away from other non-
metallic ores.

Throughout the specification and claims the

term “higher fatty acids” is used in its customary
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practical sense as meaning fatty acids having
twelve or more carbon atoms.



We claim: .
1. A method of floating silica from a non-me-
tallic ore which comprises conditioning an ore
pulp with g solution of a condensation product of
higher fatty acids with polyalkylene polyamines,
at temperatures below those at which substantial
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. tallic ore which comprises conditiening an ore

ér

quantities of imidazolines are formed by ring clo-

sure, which has been heated until clarified and
subjecting the conditioned pulp to froth flotation
- before the clarified reagent has stood in the pulp
for a sufficient time to reprecipitate colloidal
matter.

2. A method of ﬂoating silica from a phosphate
. ore which comprises conditioning an ore pulp
with a solution of a condensation product of

10.

higher fatty acids with polyalkylene polyamines,

at temperatures below those at which substan-
tial quentities of imidazolines are formed by ring
closure, which has been been heated until clari-
fled and subjecting the conditioned pulp to froth
flotation before the clarified reagent has stood
m the pulp for a Sufficient time to reprecipitate
colloidal matter.

3. A method of floating silica from a non-me-

pulp with a solution of a condensation product of
higher fatty acids with a mixture of polyethylene
polyamines, at temperatures below those at
which substantial quantities of imidazoiines are
formed by ring closure, which has been heated
until - clarified and subjecting the conditioned
pulp to froth flotation hefore the clarified reagent
has stood in the pulp for a sufficient time to re-
precipitate colloidal matter.

4. A method of floating silica from a phosphate
ore which comprises conditioning an ore pulp
with a solution of a condensation product of
higher fatty acids with a mixture of polyethylene
polyamines, at temperatures below those at
which substantial quantities of imidazolines are
formed by ring closure, which has been heated
until clarified and subjecting the conditioned
pulp to froth flotation before the clarified re-
agent has stood in the pulp for a sufficient time
to reprecipitate colloidal matter.
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