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This invention relates to the beneficiation of
phosphate ore by flotation and more particularly

to phosphate flotation processes in which the

silicious gangue is floated away from the phos-
5 Dbhate.

Beneficiation of phosphate rock by flotation
brocesses was first effected by floating the phos-
phate away from the siliclous gangue using re-
agents capable of promoting the flotation of such

10 compounds. The problem of slime in the ordi-
nary phosphate flotation was not a particularly
serious one and the simple methods of partial de-
sliming which are current in ore dressing prac-
tice were sufficient to produce a satisfactory feed

16 that could be handled in flotation machines.
When, however, it was attempted to float the sil-
ica away from the phosphate using the silica
promoters which have been developed in recent
years, it was found that slime played a much

20 more important and much more critical part
than it does in ordinary phosphate flotation, and
the ordinary desliming methods which are en-
tirely satisfactory for ore dressing operation in
general, were totally inadequate for silica flota-

25 tlons because less than 1% of slime can have a
very serious adverse effect on the efficient flota-
tion of silica. This problem was appreciated and
various processes of silica flotation involving a
very complete desliming were tried with marked-

36 ly improved results. The present case is not con-
cerned broadly with the complete desliming of
raw phosphate rock prior to flotation, this form-
ing the subject matter of the copending appli-
cation of Erickson, Serial No. 325,011, filed March

35 20, 1940, and the particular methods of desliming

being described in our copending application Se-

rial No. 320,121, filed February 21, 1940,

In spite of the marked improvement which was
obtained by a very complete desliming of the
phosphate feed, it was found that there was still
a tendency for interference with the flotation
operation by slime formed in the flotation ma-
chine itself due to the agitation of the phosphate
particles which removes a small amount of stimy
45 material from their surfaces. Further investiga-

tions showed that this formation of secondary
slime was largely confined to the surface of the
particles, that is to say, phosphgte rock parti-
cles contain a rather thin film on the surface of

50 readily disintegratable material which forms
slime very readily, but underneath this layer the
rock is relatively more resistant and it is based
on this work that the process of the present in-
vention was developed.

88 According to the present inventifon phosphate
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feed is first deslimed more or less completely, so
as to recover the major portion of primary slime.

It is then subjected to an agitation, for example
in a flotation machine without the introduction
of air or any other similar device which effects a &
polishing of the surface of the phosphate par-
ticles removing the layer of slime forming ma-
terial. This operation is then followed by the
very .complete desliming of the secondary slime
producing a feed which is relatively unaffected by 10
the further agitation of ordinary flotation pro-
cedures.

It might appear at first examiration as though
the same result could be obtained if the raw
feed were subjected to a polishing action fol- 18
lowed by desliming and in point of fact in ordi-
nary operation on phosphate rock which con-
tains some coarse material, there is a consider-
able degree of rubbing in the log washers which
might be thought at first to effect polishing. We g
have found, however, that the primary slimes
appear to have lubricating or protecting action
on the surface of the phosphate particles and ex-
cept where commercially impractical polishing
times are used, it is not feasible to remove the g5
secondary slime forming material from the sur-
faces of the phosphate particles without prelim-
inary desliming to remove the major portion of
the primary slime.

In the three steps of the present invention, 30
that is, removing primary slime, polishing, and
then removing secondary slime, the first step
may be carried out in any suitable apparatus
which is eapable of removing a major portion of
slime. It is an advantage of the present inven- gx
tion that it utilizes standard equipment such as
classifiers, a hydroseparator or thickener, cen-
trifuges, screens, and the like, and no new equip-
ment or type of procedure is necessary. Again
in the second step, the polishing can be effected
in any suitable device ‘which will subject the
surface of the phosphate particles to suitable
friction. Thus, agitators, mixers, mechanical
flotation machines, and similar devices may be
used and again it is not necessary to employ any 48
critical technique and standard ore dressing
equipment can be used.

The third step of the process requires a very
complete desliming and for this purpose it is
necessary to use procedures and apparatus which 5o
are capable of desliming to the desired degree,
preferably leaving less than %% of secondary
slime. While the invention is not limited in this
step to any particular design of apparatus, we
have found that very effective desliming can be &5
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carried out by using a hindered settling classi-
fier and desliming as is described in conjunction
with removal of primary slime in our copending
application Ser. No. 320,121 above referred to.
The use of a hindered settling classifler for com-
plete desliming of secondary slime is therefore
the preferred method of carrying out the present
invention.

The invention is illustrated in greater detail
by the drawing which is a diagrammatic flow
sheet of the process.

The improvements which are obtained by the
use of the present invention are well brought
out by the following examples based on compara-

tive tests and using identical feed from Florida -

pebble phosphate rock.
Example 1

Florida pebble phosphate was subjected to pol-
ishing in a mechanical flotation machine with-
out admission of air for a period of two minutes.
The feed was then deslimed as completely as
possible in a hindered settling classifier and was
subjected to froth flotation in a Fagereren flota-
tion machine using about .46 of 2 pound of a
higher aliphatic amine per dry ton of feed as a
flotation promoter, in conjunction with sufficient
frother to produce a satisfactory froth. 489
parts by weight of feed gave a silica concentrate
of 123 parts and a phosphate tail of 263 parts
containing 11% of insoluble material. Such a
phosphate tailing would represent a relatively
poor flotation efficlency.

Ezxample 2

The same feed was subjected to preliminary
desliming leaving only & per cent or two of pri-
mary slime. This deslimed material was then
subjected to polishing in the same mechanical

‘flotation machine as was used in Example 1 and

for the same period of time. Thereupon this pol-
1sned material was subjected to desliming in a
hindered settling classifier reducing the amount
of slime to the minute per cent as in Example 1.
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insoluble and was therefore of a very good com-
mercial grade.

In the examples an ordinary aliphatic amine
flotation promoter is described. The invention
is not limited to the use of any promoter but is
generally applicable to all promoters for silica
such as those described in the copending appli-
cations of Erickson, Jayne and Day, Serial No.
326,953, filed March 30, 1940, and Christmann,
Jayne and Erickson, Serial No. 326,952, filed 10
March 30, 1940, the quaternary ammonium salts
described in the Lenher Patent No. 2,132,902 and
the like. It is an advantage of the present in-
vention that improved results are obtained with
any of the normal silica promoters. The exzact 15
grade and recoveries will of course vary from pro-
moter to promoter.

What we claim is:

1. A method of beneficiating phosphate ore by
flotation of & silica containing concentrate there-
from which comprises subjecting phosphate rock
to a preliminary desliming operation to separate
primary slime, polishing the deslimed material
to remove the secondary slime forming the sur-
faces of the phosphate particles, desliming the
polished material and subjecting this deslimed
material to froth flotation in the presence of a
promoter for silica. )

2. A method of beneficlating phosphate ore by
flotation of a silica containing concentrate there~ 30
from which comprises subjecting the phosphate
rock to a preliminary desliming operation to sep-
arate primary slime, polishing the deslimed ma-
terial in a mechanica]l flotation machine from
which the air has been shut off to remove the
secondary slime forming the surfaces of the
phosphate particles, desliming the polished ma-
terial and subjecting this deslimed material to
froth flotation in the presence of a promoter for
silica. .

3. A method according to claim 1 in which
the removal of the secondary slime is effected
in a hindered settling classifier.

4. A method according to claim 2 in which

20
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