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This invention relates to an improved process
for ‘the recovery of -nonmetallic minerals from
‘ores -containing ‘the same. ‘More particularly,
‘the invention relates to an improved process for
‘the recovery, by flotation methods, of so-called
nonmetallic minerals such as sylvite, tricalcium
‘phosphate, and like values, from ores containing
the same.

The art of recovering ‘nonmetallic minerals
Ssuch as tricalcium. phosphate, sylvite (or potas-
sium chiloride), halite (or sodium chloride), and
‘similar materials, from ores containing the same,
‘has been highly developed; and the recovery of
such minerals by flotation methods is now gen-
erally-employed throughout the mining industry.
‘In the United States of America, the major
sources of mineral potassium chloride are those
‘oceurring in ‘mineral deposits in-the FPermian
‘Basin—particularly in the vicinity of Carlsbad,
New Mexico—and those which result from solar
‘evaporation  of saline deposits; for example,
‘those in the “vieinity of Trona, California, and
‘Bonneville, ‘Utah. It is common practice to re-
cover the potassium chloride values from such
ores or . deposits ‘by either crystallization or
flotation ‘procedures. Flotation procedures for
'the recovery of potassium chloride values are
‘particularly employed in the recovery of such
‘values “from $ylvite-containing deposits such as
oceur in sylvinite 'in the Carlsbad area. It is
the usual procedure to mine the sylvinite ore
‘from .geological strata containing the same, and
‘then subject the ore to a preliminary crushing or
grinding operation, thereby obtaining a material
‘of —5 'mesh. 'This operation liberates substan-
‘tially 1l of ‘the sylvite, or potassium chloride,
which is present in the sylvinite ore. "Ocecasion-
‘ally "it ‘is the -practice to split this material into
“two’fractions, one ‘fraction containing —5 to +10
mesgh ‘material, the remaining —10 mesh mate-
‘rial “being ‘processed by froth-flotation methods.
“The coarser ‘fraction may be pulped with water
which is-saturated with respect to sylvinite, and
‘the pulp-reagentized with a reagent-which has an
“affinity for ‘potassium chloride particles.
able reagents are those which are described in
Patent ‘No. 2;088,325, ‘issued to Kirby, and in
‘Patent No.:2;132,902,-issued to Lerher. The re-
“agentized 'mixture is then subjected to a tabling
‘gperation, -which is ‘preferably conducted with
riffled shaking tables such as those mantifactured
by ‘the Deister Concentrator Company. By this
‘means, the sylvite ‘particles are ‘concenirated by
iskin fiotation, ‘and the halite -orisodium chloride
‘fraction -of ‘the ‘sylvinite is-concentrated in the
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2
tallings. The —10 mesh material is:also pulped
in water which is saturated with respect to sylvin-
ite, and is'then readgentized with an appropriate
amount of reagent:such:as that described in:the
Kirby and Lenher patents. "The resultant re-
agentized mixture is then subjscted to either one
or a series of froth-flotation opérations in a'suit-
able flotation cell; for example, of the:type desig-
nated as Fagergren cells. The flotation concen-
trate contains the majority -of ‘the -sylvite ‘par-
ticles, the percent recovery being .dependent upon
the type of reagent employed and the efficiency
of the flotation operation. 'The hdlite or sodium
chloride fragtion of the sylvinite is concertrated
in the tailings. This fraction may be éither re-
floated in a second operation or discarded. = Al-
ternatively, sylvinite ore may be ground to —5
mesh and then pulped with-a saturated solution
of sylvinite ore. ‘A preliminary classificaition op-
eration produces a major -portion-of - 14 mesh
material ‘which is subjected to froth-flotation in
order to remove -either the sylvite or halite par-
ticles therefrom. Phosphate values ‘present in
raw phosphate rock of the ‘type found «in the
Florida and Tennessee -areas may be cencen-
trated by somewhat similar methods which are
familiar to those skilled in the ‘art. Tt is-gen-
erally recognized that the capacity of the shaking
tables is quite low, and it ‘has ‘been proposed to
inerease the production of sylvitein a plant which
is recovering sylvite from sylvinite ore by further
grinding the coarse fraction and subjecting the
ground ‘material to flotation operations similar
to those employed in beneficiating the-finer ma~
terial.  This type of process involves ‘additional
grinding equipment-in-plant operations. -An at-
tempt has been made to -subject the coarse frac-
tion to flotation directly, without further grind-
ing.. An extension of -this type of operation is
descriied by Greene et al,, in Patent Ko, 2,420,476,
whereby a ground sylvinite ore 'is ‘classified "in
order to obtain a relatively coarse fraction, the
latter then being floated with a fatty amirde type
reagent in combination with a water-immiscible
oil; for example, fuel oil. Greene et al. also de-
scribe the sequential fiotation of ‘coarse and fine
fractions' of ‘sylvinite, .and subsequently combine
the separate flotation froths so produced. This
results in a final sylvite -concentrate -containing
When
operating :in accordance with such procedures, a
congsiderable .amount of reagent is required ‘in
order to froth-flogt each ‘of the separate frac-
tions, and it is apparently necessary toemploy a
water-immiscible oil ‘in order to obtain.good re~-
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covery of sylvite or potassium chloride values
when floating the coarse particled sylvinite. -

Tt is an object of the invention to provide an
improved process for the flotation, from their
ores, of so-called nonmetallic minerals contain-
ing coarse particles.

1t is a further object of the invention to pro-
vide an improved process for the flotation con-
centration of phosphate values from ores con-
taining the same.

It is a further object of the invention to pro-
vide an improved process for the flotation con-
centration of phosphate values from phosphate
rock, whereby both coarse and fine particled
phosphatic ores are floated in one operation.

1t is a further object of the invention to pro-
vide an improved process for the flotation, from
sylvinite ore, of sylvite containing coarse par-
ticles.

It is a further object of the invention to pro-
vide an improved process for the recovery of
sylvite from sylvinite ore by flotation methods
whereby both coarse and fine particled sylvinite
may be floated in one operation.

It is still a further object of the invention to
provide an improved process for the recovery of
sylvite from sylvinite ore by flotation methods
whereby the amount of reagent required is sub-
stantially reduced in comparison with the meth-
ods which have previously been employed.

The above cobjects, as well as others which will
become apparent upon a more complete under-
standing of the invention which is subsequently
herein deseribed, are accomplished by subjecting
a comminuted nonmetallic mineral ore to a sizing
or classifying operation whereby said ore is di-
vided into at least two fractions of relatively
large -and small particle size. The relatively
large particled material is then suspended in an
aqueous solution or in water, depending upon the
particular mineral desired to be concentrated,
employing a sufficient amount of suspended ma-
-terial to form a high density pulp; that is, a pulp
with a high solids content. The pulp is then
conditioned with reagent having an affinity for
the mineral values which are desired to be re-
moved from the pulp by flotation methods; for
example, by employing reagents of the type de-
scribed in Patents Nos. 2,088,325 and 2,420,476
previously mentioned herein. Cationic or posi-
tive ion reagents will be employed in the concen-
tration, from sylvinite ore, of nonmetallic min-
erals such as sylvite whenever such reagents are
found to have an affinity for a particular mineral
constituent in any nonmetallic mineral. Alter-
natively, anionic or negative ion reagent will be
employed for the concentration of certain min-
eral valuss having an afiinity for same; for ex-
ample; in the concentration of the phosphate
values present in phosphatic ores. A particular
reagent or combination thereof is added directly
to the agueous pulp either as such, or tcgether
with certain water-immiscible oils such as fuel oil,
kerosene, or pine oil, which act as frothing or co-
operating agents in combination with the flota-
tion agent. In some instances it is expedient to
employ certain inorganic reagents such as dilute
acids or alkalis, in order to adjust the pH of the
reagentized pulp to an appropriate value for opti-
mum concentration of any particular mineral.
To the reagentized pulp is then added the rela-
tively small particled material produced in the
previously described classifying or sizing opera-
tion; and the resultant mixture is further con-
ditioned, - without the further addition of re-
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agents, and subjected to flotation for the cencen-
tration of the desired mineral valuss. It has
been found that not only is a considerable sav-
ing in reagent accomplished in comparison with
methods which have been heretofore employed,
but that only one flotation operation is required
to obtain excellenj recoveries, thereby eliminat-
ing the extensive series of flctation cells which
have been heretofore required.

The instant process is applicable to the flota-
tion concentration of nonmetallic minerals by
froth-flotation methods. Therefore, in the event
that a nonmetallic mineral has a widely varying
particle size, it may be subjected tc a preliminary
classifying or sizing operation; followed by the
aforedescribed .reagentizing, conditioning, and
flotation procedures. Froth-flotation concen-
tration may be accompiished Ly employing flo-
tation cells of the type currently designated as
Denver cells, Turko-cells, Minerals Separation
cells,” and others. It will be obvious to those
skilled in the art that it is the usual practice
to concentrate relatively large particled material
(for example, between about —1 mm. to 414
mesh) on tabling devices; whereas relatively fine
particled material (for example, —14 mesh) is
usually subjected to froth-fotation. Variations
are, of course, innumerable.

While the instant process.is particularly ap-
plicable to the concentration of sylvite or po-
tassium chloride values in sylvinite ore, and will
be herein described and illustrated by a process
of beneficiating an ore of this type, it is to be
understood that the process is also applicable to
any similar potassium chloride-containing min-
eral or natural deposit which may be beneficiated
by froth-flotation methods. - For example, the
sodium chloride-potassium chloride mixtures
produced by solar evaporation and/or crysialli-
zation from brine deposits in the vicinity of
Trona, California, and Bonneville, Utah, may be
beneficiated by recovering either sodium chioride
or potassium chloride values therefrom in ac-
cordance with the instant process. Furthermore,
any nonmetallic mineral-containing ore which
is amenable to concentration by flotation meth-
ods—such as phosphate rock of the type found
in the phosphate fields in Florida and Tennessee,
iron oxide, lead and zinc carbonates, bauxite,
and similar ores—may be beneficiated In ac-
cordance with the instant process.

A diagrammatic flow sheet of the process is
as follows: Nonmetallic ore is subjected to size re-
duction in a comminutor indicated by the nu-
meral 2. The comminuted ore is transferred to
sizing or classification section 3 where the ore is
divided into a fraction of relatively small par-
ticled material T and a fraction of relatively large
particled material 5. Flotation reagent 4 is mixed
with the large particled fraction 5, and the re-
agentized large particled ore is conditioned in
mixer 6 for a suitable length of {ime. The
resulting conditioned mixture is then trans-
ferred to mixer or conditioner 8, and the un-
reagentized small particled material 7 is added
to mixer 8. The resulting mixture is conditioned
for a suitable length of time. The resulting con-
ditioned mixture containing both large and smail
particled ore is then transferred to flotation see-
tion 9 where a concentrate {8 is separated from
a gangue {1.

More particularly, and as appilied to the con-
centration of sylvite from sylvinite ore, the in-
vention involves the preliminary comminution of
sylvinite ore to liberate sylvite and halite particles
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contained therein. This may be accomplished by
any :sultable-and cenventional type of grinding
or.milling .apparatus which is currently used in
the petash industry—for example, a Jeffrey Flex
Tooth -Crusher; -followed by either hammermills
or-redmills. ‘The crushing or grinding operation
mmay-be-carried -out either with substantially .dry
material,.or by suspending the ore in o saturated
solution of-the same and subjecting it to a wet-
grinding operation. ‘The ground material is then
subjected to-a classifying or sizing operation in
order to divide the ore into relatively coarse and
fine fractions or feeds. The ground ore may be
separated into two or more fractions by passing

it through a screen, preferably through a screen -

having a mesh size between about 20 and about
50. "In some instances it is beneficial to classify
or separate the original ground material into a
plurality of fractions, and then treat the individ-
ual fractions in aceordance with the procedures
subsequently herein described.

A relatively coarse fraction which is produced
by the classifying or screening operations  de-
seribed above is suspended in an aqueous solution

that is saturated with respect to sylvinite. This ;

solution may be prepared by dissolving syivinite
in water until the saturation point with respect
to sylvinite is reached. Alternatively, recycle
liquor-or brine produced in plant operations for

the recovery of sylvite from sylvinite ore may be .4

employed in this operation. It is to be understood
that the liguor which is employed for pulping the
coarse particled sylvinite ore may also contain
substances other than dissolved sylvinite ; for ex-
ample, small amounts of water-soluble compounds
of calcium, iron, ete. In any event, the solution
should be substantially saturated with respect to
sylvite or potassium chloride. A sufficient amount
of coarse particled sylvinite ore is suspended in

the liquor in order to produce a high solids pulp. 4

By the term “high solids pulp” is meant a pulp
which contains more than about 40% by weight
of suspended solids, and preferably contains be-
tween about 50% and about 80% by weight of
suspended solids. It has been found that the
solids density of this order in the first condition-
ing give the best balance between reagent ad-
sorbed on the coarse -particles and reagent left
unadsorbed .and interadsorbed by the finer par-

ticles; but solids densities outside of this range !

may .be employed if .desired. It has been found
that if the suspended solids content of the pulp
initially reagentized falls below about 50% by
weight, the beneficial features which are inherent

in the instant novel process are not fully realized. .

The resulting sylvinite pulp is then conditioned
with a cationic flotation reagent which has an
affinity for sylvite particles. As previousily de-
scribed herein, the reagents described in Patents
Nos. 2,088,325 and 2,420,476 are suitable for re-
agentizing .a sylvinite pulp. It has been found
that straight-chain aliphatic amines containing
at least one alkyl.group having 7-18 carbon atoms
-are particularly useful as a flotation reagent for
this operation; for exampie, aliphatic amines-such
as n-heptylamine, n-dodecylamine, n-heptadecyl-
amine, and the like. "The higher members of the
aliphatic series of amines—for example, those
which contain from 16-18 carbon .atoms—are
much less soluble in the sylvinite pulp and ore
and are more conveniently employed in the form
of their water-soluble acid addition salts. For
example, a mixture of aliphatic amines compris-
ing.about 25% by weight of hexadecylamine and

dbout 75% by weight of cctadecylamine is par-
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ticularly :useful .for conducting flotation opera-
tions herein described, when:employed in the form
of -their acetic-acid  addition salts. Other acids
which -may be .employed to .form salts of the
amine reagents -are. sulfuric acid, hydrochloric
acid, phosphoric acid, ete. It-has now been found
that .these ‘reagents successfully float  the rela-
tively -coarse -sylvite -particles under the condi-
tiens.abtaining, without the need for additional
reagents.such.as.fuel oil, pine oil,-or other similar
Iroth premoters which -have heretofore heen em-
ployed. Inmany instances it has been found that
the use of isuch reagents is actually harmful and
reduces-the percent recoveryobtained in the flota-
tien-concentrates. The reagentized coarse par-
ticled-sylvinite.ore is conditioned by agitating the
bulp :and reagent mixture for -a suitable period
of time. Usually about 20:seconds to two minutes
will-be-sufficient for this purpose, depending upon
the:thoroughness of the mixing. - To the condi-
tioned.mixtureis then.added a relatively fine par-
ticled fraection .of 'sylvinite -ore obtained in the
preliminary . classifying or -screening process.
Fine particled. material . may be added to the e~
agentized pulp containing coarse -particled ma-
terial,.eitherin the solid form or in the form of

;an - aqueous :pulp "which ‘has been ‘prepared by

suspending fine particled sylvinite in a saturated
aqueous solution of:sylvinite or other liquor satu-

rated with .respect to potassium. chloride.” It is

not necessary .to-add fine particled sylvinite in
the form-of .a high -density pulp, but this may
ke convenient :in -seme instances. It has been
found -that .a fine particled sylvinite ore pulp,
containing hetween .about 20%. and about 75%

by weight of solids, may be added to the reagent-

ized pulp :containing coarse particled material,

“while still.obtaining the beneficial effects which

are inherent in the instant novel process. In the
event that fine particled sylvinite ore, which is
substantially .dry, is added o the reagentized
pulp -containing coarse particled material, the
density-of .the resultant Iixture is conveniently
regulated .for purposes of condifioning with re-
agent by adding thereto  a . saturated aqueous
soiution .of sylvinite .ore or, in place thereof, a
recycle liguor -or brine -which is saturated with
Tespect to ;potassium -chloride and which is ob-
tained in subsequent.sylvite recovery plant oper-
ations. Theresultant pulp containing both coarse

Jharticled and fine particled sylvinite ore is then

conditioned .for a suitable length of time—for
exainple, between about 20 seconds and about
three. minutes—and is'then. subjected -to a flota-
tion operation for the recovery of the sylvite or
Potassium chlovide values which are suspended
in the pulp mafterial.

As applied to the treatment of phosphate rock
for .the recovery of phosphate values contained
therein, theinstant.process involves a preliminary
classification or sizing operation which is usually,
butnet necessarily, conducted by hydraulic means
wheréby relatively large particled phosphate rock
is segregated from the ralatively fine particles.

5 For exambple, a suitable classification will result

in a product having a.mesh size of —28 to 460
mesh, and a second product having - a —§0 to
about +-200 mesh size. The fraction of large

Jparticled material .may ‘be conditioned by sus-

pending the same in water, employing a sufficient
amount of sald fraction to form a pulp having
a.suspended solids content.of between about 409
and.about 80%. "The resultant pulp is then con-
ditioned with negative ion or anionic reagents

Sstuch as high molecular weight fatty acids -(oleic,
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palmitie, stearic, and others), resin acids, rosin,
talloil, napthenic acids, and the alkali metal soaps
of such materials—for example, the sodium soap
of talloil. In some instances it will be beneficial
to incorporate into the reagentized pulp a similar
amount of a water-immiscible oil such as fuel
oil or kerosene. The reagentized pulp is condi-
tioned for a suitable period of time by agitating
the same, either mechanically or by means of a
current of air or gases that are inert to the re-
agentized mixture. Usually about 20 seconds to
two minutes will be sufficient for this purpose.
To the conditioned mixture is then added the fine
particled fraction of phosphate ore obfained in
the aforementioned classifying or screening proc-
-ess. This fraction may be added to the reagent-
ized pulp containing coarse particled mafterial,
either in the solid form or in the form of an
aqueous pulp prepared by suspending fine par-
ticled phosphate rock in water. The resultant
pulp containing both coarse and fine particled
phosphate rock is conditioned for a suitable period
of time and then subjected to a froth-flotation
operation for the recovery of the phosphate values
contained therein. ’

In a preferred embodiment of the invention,
ground sylvinite ore is classified into at least
three fractions, preferably by passing a previ-
ously comminuted material through a 50 mesh
sereen and then passing the 50 mesh product
through a 25 mesh screen. The +25 mesh prod-
uet is suspended in a saturated aqueous solution
of sylvinite ore to form a pulp containing between
about 509 and about 70% by weight of suspended
solids. To this pulp is added about 0.1 1b. of a
water-soluble acid addition salt of a mixture of
aliphatic amines comprising about 25% by weight
of hexadecylamine and about 75% by weight of
octadecylamine. Usually this reagent is added in
the form of its acetic acid addition salt. The
resultant mixture is then conditioned by agitation
for about 30 seconds, and the —25 to -4-50 mesh
sylvinite ore fraction is added thereto in the form
of a pulp which is prepared by suspending said
fraction in a saturated aqueous solution of syl-
vinite. The resultant mixture is further condi-
tioned for a similar period of time, after which
the —50 mesh fraction is added to the conditioned
pulp in the form of a pulp prepared by suspend-
ing said fraction in a saturated aqueous solution
of sylvinite. The resultant mixture is then sub-
jected to a froth-flotation operation and the
sylvite particles are concentrated in the float,
while the halite particles are concentrated in the
tailings. Not only is an excellent recovery of
sylvite from the sylvinite ore obtained by such an
operation, but the reagent economy is consider-
able when compared to methods which have been
heretofore employed. Furthermore, the need for
reagents which cooperate with flotation reagents
such as fuel oil, pine oil, ete. is obviated, and the
number of fiotation operations is reduced to one;
thereby greatly increasing the capacity and pro-
ductivity of any sylvite recovery plant employing
froth-flotation. These advantages will be furthar
illustrated in the examples which will be sub-
sequently herein set forth. '

The amount of cationic flotation reagent which
is required in recovering sylvite from sylvinite
ore in accordance with the instant novel process
is usually about 0.1 1b. per ton of feed, based upon
the solids content of the pulp which is to be
reagentized, and in many instances is consider-
ably ‘less than this amount. Excellent results
have been obtained by employing as little as 0.03
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-1b. of long-chain alipha.tié amine reagent per ton

of feed. This is in sharp contrast with the quan-
tities of reagent necessarily heretofore employed;
i. e., between about 0.2 and about 1.0 lb. per ton
of flotation feed. The amounts of reagent re-
quired may be varied widely over that heretofore
mentioned, depending upon the degree of coarse-
ness or fineness of the particular feed reagentized. -

In order to further illustrate the nature and
character of the invention, but with no intention
of being limited thereby, the following examples
are recited:

Example I

A sample of sylvinite ore of the type common
to the Carlsbhad, New Mexico, area and analyzing
about 18.6% K20, was ground to a point where
about 33% of the material was 4-28 mesh. The
-+28 mesh material was suspended in a saturated
water solution of sylvinite ore at about 24° C,,
the resultant pulp containing sbout 70% by
weight of suspended solids. To about 750 g. of
this pulp was added about 0.027 Ib. per ton of
total ground ore of an amine reagent comprising
about 25% of mono-octadecylamine acetate,
about 25%  of monohexadecylamine acetate,
and about 50% of octadecylamine acefate.
The resultant mixture was conditioned for
about 30 seconds.. To the conditioned pulp
was added an equal weight of unreagentized
pulp consisting of —28 mesh sylvinite ore sus-
pended in an aqueous solution which was satu-
rated with respect to sylvinite; this second pulp
containing about 70% by weight of suspended
solids.  The resultant mixture was conditioned by
agitation for about 30 seconds and was then sub-
jected to froth-flotation in a Fagergren flotation
machine and a sylvite concentrate was recovered.
The tailings analyzed about 1.42% K20, and the
over-all recovery. of sylvite or potassium chloride
values was about 94.8%. )

The. above described process indicates the ex-
cellent results which may be obtained with a
minimum of reagent while accomplishing the
froth-flotation of both coarse and fine particled
sylvinite ore, yet employing only one flotation
operation. - )

In another run identical to that of Example I
as to feed material, reagents used, flotation condi-
tions, etc., (except that all of the feed was re-
agentized with 0.081 lb. of reagent per ton of
solids, and then conditioned, as single steps) the
concentrate analyzed 58% K:0-—the same as in
Example I—the tailings being 1.07% K20, with
the recovery being about 96%. However, thrse
times as much reagent was required as in the case
of Example I.

Example I, while illustrating the invention, is
not strietly on a comparable basis with the follow-
ing examples because of slight variations in grind-
ing of the feed, degree of saturation of the brine,
and other operating factors. The following ex-
amples were all carried out on the same feed, and
at about the same time, so that these variable
factors were minimized.

Example II

A wet-ground sylvinite flotation feed contain-
ing about 26.4% KCl was. classified in order to
obtain two fractions, the coarse fraction being
435 mesh. The type reagent employed in this
flotation operation and in the following examples
was the acetates of a mixture of about 25 weight
percent of hexadecylamine and about 756% of
octadecylamine.
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The coarse particled material ‘was: conditioned
with' about” 0:1" Ib. of resgent: per ton of total
ground ore in a pulp consisting of a. sattirated.
agueous solution of sylvihite oré contaiiiing abotit:

70% by weight of suspended coarse particled-ma-
terial. The pulp was conditioned for® about 30
seconds and was then combined with the fine
barticled material which wis suspended- in - a
saturated aqueous sylvinite ore solution, the re-
sultant mixture having a solids content of about

40%. 'This admixture was conditioned for about.
30 seconds and subjected to froth-flotation, with:
the resulting concentrate analyzing about 589,-

K20 and the tailings analyzing about 4.09;, K30.

The percent recovery of potassitim. chloride was.

about 82%.
Example-I1I

A wet-ground sylvinite ore of thetyne employed-

in Examples I and II, one-third: of which will he

retained on a 35 mesh -screen; was ‘subjected to-
the following type of beneficiation: The recovery’

of sylvite or- potassium chleride values :wag:ef=
fected by conditioning the 435 mesh fraction for
about 30 seconds in a saturated aqueous sélution
of sylvinite ore with the sdme amount:-and type

of reagent ag described in Example IT; but, in

addition, about 0.5 1b. of kerosene- per’ ton of

solid feed was added during the conditioning of
the coarse particled fraction. To the conditionedi
pulp was added a suspension. of the unreagentized

fine particled material (—85 mesh) in g satu-
rated aqueous solution of sylvinite ore as :deseribed
in Example II. The resultant mixture of about
40% solids, after 30-second: conditioning! was then

subjected to froth-flotation; and: a: concentrate:
containing about 59% by weight- of K20+ was -

recovered. The tailings analyzed about 13.79%

K90, The recovery of potassium’ chloride values -

in this particular modification of the-instant novel
process was only about 259%.:

This: last example illustrates the detrimental

effect which may be caused by adding: conven-
tional froth-promoting reagents such-as keroserie,

which type of operation has  heretofore been:

deemed necessary in order to achieve. the-efficient
froth-flotation of coarse particled: sylvite-in -a

comminuted- sylvinite ore. It-illustrates the-dis-
tinet advantages which are realized: by -employing

a cationic nitrogenous reagent in the ‘absence-of
other cooperating reagents for the froth-flotation
beneficiation of sylvinite ore, which is:one of -the
distinguishing features of the instant novel proc-
ess.

While the above examples illustrate: the use of -
barticular long-chain aliphatic amine reagents -
within specified amounts, it is-to be understood.

that any cationic type reagent -whieh- has-an
afinity for sylvite or potassium chloride particles;
such as those described:in the- patents -herein~

before mentioned, may he employed-to advantage:

in producing a high recovery.of. potassium. ehlo-

ride values from sylvinite ore. Furthermore, it

is not intended to limit the invention to the par-
ticular type of flotation operations: herein - de-

scribed for purposes of illustration;. but,. on-the -

contrary, any type of froth-flotation operation
which is familiar to those skilled in:the. art may

be employed without departing from: the -spirit.

and scope of the invention.

It is further to be understood that eomminuted:

sylvinite ore or other nonmetallic ore. may-be
subjected to a sequential seéries of screening.or

classifying operations, and that the eoarsest frac--
tion is first conditioned with reageént, followed by
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sequentially adding to the conditioned pulp frac-
tions.containing progressively finer particled ma-
terial; the addition being in the order of decreas—
ing particle size of the several fractions. - There-~
fore, in. some instances as many as six or more
different fractions may be subjected to condition-
ing in-this- manner, followed by a single froth-
flotatiort operation affer the addition of the final
small particled fraction to the reagentized pulp.

Tllustrative of the practice of this novel process
whénl applied to the froth-fotation of phosphale
orés; the Tollowing example dealing with the bene-
ficidtion of Florida pebblé phosphate ore is given:

Example IV

A deslimed, Florida pebble phosphate, from
which-the-+1 mm. particles had been previously
removed: and-about 25.5% of the remaining ma-
terial-had-a- mesh size-of —28 to +4-200, was em-
ployed as the feed material in this run. -About.
986- g. of this material was pulped with water
and-had admixed therewith, at s solids density
of-about 70-72%; caustic soda at the rate of about

. 0.5-1bu: per: ton- of -solids, fuel oil, and faity acid.

The-caustic was added first; fuel oil at the rate
of- about-3 1b. per ton of solidsg feed, and fatty
acid-(crude talloil) at the rate of about 0.76 Ih.
per ton-of solids feed were admixed and added
to-the feed pulp: The feed, however, prior to the
addition of any of- the reagents, was split- into
& fraction; —28 to --60-mesh, and a smaller-sized
fraction of —60to 4200 mesh. All of the reagents
were added to the —28 to +60° mesh material,
and: this-was conditioned at the heretofore speci-
fied: solids density for about one minute. The
smeller-sized -particle: fraction in unreagentized
condition was then added at about the same solids
density to the first and reagentized fraction. The
entire-mixture - was then conditioned for about
one minute; after which sufficient water was add-
ed-to-give a pulp:density of about 25 weight per-
cent solids. This material was then subjected to
froth-flotation-in a conventional froth-flotation
cell: for-about 45 seconds; during which time the
phosphate-concentrate float wag collected:. The
dried-concentrate analyzed about 57.31% B.P. L.
and-the tailings-analyzed about 6.03% B. P. L.
The-over-all recovery of phosphate values in-the
concentrate was about 92:46%.

Another-run was carried oit under exzactly the
same conditions; using the same reagents, but
with- talloil' used in the amount of about 1.29 1b.
per-ton- of--solids  treated; and wherein the feed
material-was not split as to particle size. The
concentrate obtained analyzed about the'same ag
in Example -1V, - The tailings; however, analyzed
9.53% B.-P: L.-and -the over-all recovery of phos~
phate -values from the feed was only: 88.:5%. In
spite of the fact that about 609% more fatty acid
(talloil)-- was used 'in- the conventional fiotation
operation;. only -88.6% recovery was obtained as
compared with about 92.46% recovery in the case
of the separate conditioning of the particle frac.

_tions; while the concentrates in both instances

were almost identical as to their phosphate values.
The feed material used in Example IV and in the
run. carried out-using  conventional procedure
analyzed about 35:64% B.-P. L. and about 54.19%
insdluble material,

Obviously - the invention is not limited to the
procedural details herein- set forth, but may-be
modified by employing: obvious externsions and.:
modifications which are familiar to those skilled
in the art.

Having thus fully described the nature and
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character of the invention, what is desired to be
secured by Letters Patent is:

1.-In a process for the fictation concentration
of nonmetallic ore, the improvements comprising
dividing said ore into at least two fractions, one
of which is of relatively large particles and the
other of which is of relatively small particles,
preparing an agqueous high solids pulp of large
particled material, conditioning the latter with
reagent having an affinity for the mineral value
in said ore, subsequently adding the unre-
agentized small particled material to the puip
conditioned for flotation and prior to subjecting
the pulp to any flotation, conditioning the re-

sulting mixture, and then initially subjecting the 1

conditioned pulp of the combined ore fractions
to flotation.

2. In a process for the flotation concentration
of potassium chloride from a comminuted com-
position containing the same, the improvements
comprising dividing said composition into at least
two fractions, one of which is of relatively large
particles and the other of which is of relatively
small particles, suspending large particled ma-
terial in an aqueous solution saturated with re-
spect to potassium chloride to form a high solids
pulp, conditioning the latter with reagent having
an affinity for potassium chloride particles, sub-
sequently adding the unreagentized small par-

ticled material to said pulp conditioned for flota-

tion. and prior to subjecting the pulp to any
flotation, conditioning the resulting mixture, and
then initially subjecting the conditioned pulp of
the combined fractions to flotation.

3. A process according to claim 2, wherein the !

flotation agent employed is selected from .the
group consisting of- aliphatic amines containing
at least one alkyl group having 7-18 carbon atoms
and their water-soluble acid addition salts.

4. In a process for the concentration by froth-
flotation treatment of potassium chloride from a
comminuted composition containing the same, the
improvements comprising dividing said composi-
tion into at least two fractions, one of which is
of relatively large particles and the other of which
is of relatively small particles, suspending large
particled material in an aqueous solution satu-
rated with respect to potassium chloride to form
a high solids pulp, conditioning the latter with
reagent having an affinity for potassium chloride
particles, subsequently adding the unreagentized
small particled material to said pulp conditioned
for flotation and prior to subjecting the pulp tc
any flotation, conditioning the resulting mixture,
and then initially subjecting the conditioned pulp
of the combined fractions to froth flotation.

5. In a process for the concentration of sylvite
from sylvinite ore by froth-flotation treatment,
the improvements comprising comminuting syl-
vinite to liberate sylvite and halite particles,
dividing the resultant product into a plurality of
fractions of progressively decreasing particle size,
suspending a fraction of large particled sylvinite
in an aqueous solution substantially saturated
with respect to sylvinite to form a high solids
pulp, conditioning the latter with cationic flota-
tion agent having a selective affinity for sylvite
particles, subsequently adding at least one frac-
tion of the unreagentized smaller particled syl-
vinite to said pulp conditioned for flotation and
prior to subjecting the pulp to any flotation, con-
ditioning the resulting mixture, and then initially
subjecting the conditioned pulp of the combined
fractions to froth flotation.

6. A process according to claim 5, wherein
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small particled fraction of sylvinite is added to
the conditioned large particled pulp in the form
of a pulp made by suspending small particled
sylvinite in a saturated aqueous solution of syl-
vinite. o

7. In a process for the concentration of sylvite
from sylvinite ore by froth-flotation treatment,
the improvements comprising comminuting said
sylvinite to liberate sylvite and halite particles,
dividing the resultant product into a plurality of
fractions of progressively decreasing particle size,
suspending a fraction of large particled sylvinite
in a saturated aqueous solution of sylvinite to
form a pulp containing between about 40% and
about 80% by weight of suspended solids, condi-
tioning the pulp with reagent selected from the
group consisting of aliphatic amines containing
at least one alkyl group having 7-18 carbon atoms
and their water-soluble acid addition salts, sub-
sequently adding at least one fraction of the un-
reagentized smaller particled sylvinite to said pulp
conditioned for flotation and prior to subjecting
the pulp to any flotation, conditioning the re-
sulting mixture, and then initially subjecting the
conditioned pulp of the combined fractions fo
froth-flotation.

8. In a process for the concentration of sylvite
from sylvinite ore by froth-flotation treatment,
the improvements comprising comminuting said
sylvinite to liberate sylvite and halite particles,
dividing the resultant product into a plurality of
fractions of progressively decreasing particle size
by successively passing the ore through at least
one screen having a mesh size between about 20
and-about 50, suspending a relatively large par-
ticled fraction in a saturated aqgueous solution of
sylvinite to form a pulp containing between about
409 and about 80% by weight of suspended solids;
conditioning the pulp with reagent selected from
the group consisting of aliphatic amines contain-
ing at least one alkyl group having 7-18 carbon
atoms and their water-soluble acid addition salts,
subsequently adding at least one fraction of the
unreagentized smaller particles in the form of a
pulp made by suspending small particled sylvinite
in a saturated aqueous solution of sylvinite to said
pulp conditioned for flotation and prior to sub-
jecting the pulp to any flotation, conditioning the
resulting mixture, and then initially subjecting
the conditioned pulp of the combined fractions to
froth-flotation.

9. A process for the concentration of sylvite
from sylvinite ore which comprises crushing said
sylvinite to produce a product about two-thirds
of which will have a particle size less than 30
mesh, dividing the crushed product into two frac-
tions by passing it through a 35 mesh screen,
suspending -+-35 mesh sylvinite in a saturated
aqueous solution of sylvinite to form a pulp con-
taining about 70% by weight of suspended solids,
conditioning the pulp with reagent consisting of
the acetic acid addition salts of a mixture of ali-
phatic amines comprising about 25% by weight
of hexadecylamine and about 76% by weight of
octadecylamine, subsequently adding to the pulp
conditioned for flotation and prior to subjecting
the pulp to any flotation a slurry consisting of
—35 mesh sylvinite suspended in g saturated
agqueous solution of sylvinite, conditioning the re-
sulting mixture, and then initially subjecting the
conditioned pulp of the combined fractions. to
flotation. . )

10. A process according to claim 9, wherein the
reagent employed for conditioning and froth-
floating the sylvite consists of the acetate salts of
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a mixture of aliphatic amines comprising about
26% by weight of hexadecylamine, about 25%
by weight of octadecylamine, and about 50% by
weight of octadecenylamine.

11. In a process for the concentration of sylvite
from sylvinite ore by froth-flotation treatment,
the improvements comprising comminuting said
sylvinite to liberate sylvite and halite particles,
dividing the resultant product into three frac-
tions of progressively decreasing particle size,
suspending the fraction containing the largest
particles of sylvinite in a saturated aqueous so-
lution of sylvinite to form a pulp containing be-
tween about 40% and about 80% by weight of
suspended solids, conditioning the pulp with
reagent selected from the group consisting of
aliphatic amines containing at least one alkyl
group having 7-18 carbon atoms and their
water-soluble acid addition salts, subsequently
adding the fraction of unreagentized medium size
particles of sylvinite to said pulp conditioned for
flotation and prior to subjecting the pulp to any
flotation, further conditioning the resultant mix-
ture, subsequently adding the fraction of un-
reagentized smallest particled sylvinite to the
resulting conditioned pulp, conditioning the mix-
ture, and then initially subjecting the conditioned
pulp of the combined fractions to froth flotation.

12. In a process for the concentration of sylvite
from sylvinite ore by froth-flotation treatment,
the improvements comprising crushing said syl-
vinite to liberate sylvite and halite particles, di-
viding the crushed product into three fractions by
passing it through a 25 mesh screen and then
passing the —25 mesh product through a 50 mesh
screen, suspending 25 mesh sylvinite in a satu-
rated aqueous solution of sylvinite to form a pulp
containing between about 50 % and about 70% by
weight of suspended solids, conditioning the pulp
with reagent selected from the group consisting
of aliphatic amines containing at least one alkyl
group having 7-18 carbon atoms and their
water-soluble acid addition salts, subsequently
adding the unreagentized —25 to +50 mesh frac-
tion in the form of a pulp made by suspending
said fraction in a saturated aqueous solution of
sylvinite fo said pulp conditioned for fotation
and prior to subjecting the pulp to any flotation,
further conditioning the resultant mixture, sub-
sequently adding the unreagentized —50 mesh
fraction in the form of a pulp made by suspend-
ing said fraction in a saturated aqueous solution
of sylvinite to the resulting conditioned pulp, con-
ditioning the resultant mixture, and then initially
subjecting the conditioned pulp of the combined
fractions to froth-flotation.

13. In a process for the flotation concentration
of phosphate values from phosphate ore contain-
ing the same in association with silica, the im-
provements comprising dividing sdid ore into at

10

15

20

25

30

40

45

50

55

60

14

least two fractions, one of which is of relatively
large particles and the other of which is of rela-
tively small particles, preparing an aqueous high
solids pulp of large particled madterial, condition-
ing the latter with reagent having an affinity for
phosphate values, subsequently adding the un-
reagentized small particled material to the pulp
conditioned for flotation and prior to subjecting
the pulp to any flotation, conditioning the mix-
ture, and then initially subjecting the condi-
tioned pulp of the combined fractions to flota-
tion.

14. In a process for the froth-flotation concen-
tration of phosphate values from phosphate ore
containing the same in association with silica, the
improvements comprising dividing said ore into
at least two fractions, one of which is of rela-
tively large particles and the other of which is
of relatively small particles, preparing an aqueous
high solids pulp of large particled material, con-
ditioning the latter with reagent having an
affinity for phosphate values, subsequently adding
the unreagentized small particled material to the
bulp conditioned for flotation and prior to sub-
jecting the pulp to any flotation, conditioning the
mixture, and then initially subjecting the condi-
tioned pulp of the combined fractions to froth
flotation.

15. In a process for the concentration of phos-
phate values from phosphate ore containing the
same In' association with silica by froth-flota~
tion treatment, the improvements comprising
dividing said ore into a plurality  of fractions
of progressively decreasing particle size, suspend-
ing a fraction of large particled ore in water to
form a pulp containing between about 409% and
about 80% by weight of suspended solids, condi-
tioning the pulp with negative ion agent having
an affinity for phosphate values, subsequently
adding at least one fraction of the unreagentized
small particled material to the pulp conditioned
for flotation and prior to subjecting the pulp to
any flotation, conditioning the mixture, and then
initially subjecting the conditioned pulp of the
combined fractions to froth fotation.

RICHARD I. JACKSON.
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