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BENEFICIATION OF POTASH 

DESCRIPTION OF THE INVENTION 

This invention relates to the bene?ciation of potash 
ores and more particularly to the bene?ciation of pot 
ash ores by gravity separation. 
Potash ore such as sylvinite is primarily a mixture of 

sylvite (KCl) and halite (NaCl) although other salts 
may be present in minor proportions. In order to pro 
vide a commercial product it is necessary to bene?ciate 
the ore to provide concentrates that may have a K20 
content of 50 percent or 60 percent or more. Since pot 
ash is a relatively low-priced bulk commodity, benefici 
ation efficiency is particularly important. 

It is one object of this invention to provide a process 
for the bene?ciation of potash ore. 

It is a further object of this invention to provide a 
process for the bene?ciation of potash ore by gravity 
separation. 

It is an additional object of this invention to provide 
a process wherein a rougher gravity separation and a 
cleaner gravity separation is employed for the bene?ci 
ation of potash. 

It is another object of this invention to provide a pro 
cess wherein the underflow from the cleaner gravity 
separation is sized to provide ?ner particles which may 
be bene?ciated to provide a fraction characterized by 
a high potash content. 
The present invention contemplates a process for 

bene?ciating a potash ore containing sylvite and halite 
comprising: 

1. comminuting the ore to substantially liberate the 
mineral constituents; 

2. sizing said comminuted ore to remove the ?ner 
particles and provide a larger size fraction composed 
principally of coarser particles; 

3. subjecting said larger size fraction to gravity sepa 
ration in a media having a speci?c gravity of separation 
intermediate the speci?c gravity of sylvite and halite 
whereby sylvite-containing particles are removed as an 
over?ow fraction and halite particles are removed as an 
underflow fraction; 

4. subjecting the overflow from said gravity separa 
tion of (3) to a gravity separation in a media having a 
speci?c gravity of separation intermediate the speci?c 
gravity of sylvite and halite whereby a sylvite concen 
trate is obtained as an over?ow and an underflow is ob 

tained; 
5. sizing said underflow from said gravity separation 

of (4) to provide ?ner particles including a substantial 
number of particles having a high K,O content; and 
(6) recycling said finer particles from (5) to the grav 

ity separation of (3). 
In one preferred embodiment, the coarser fraction 
from the cleaner underflow is comminuted and re 
turned to the rougher separation. In another preferred 
embodiment of the invention, the ?ner particles from 
the sizing of (2) are subjected to wet bene?ciation, i.e. 
froth ?otation or crystallization. 
The underflow from a potash cleaner gravity separa 

tion is generally regarded as middlings made up of par 
ticles of “locked" sylvite and halite. In conventional 
processing the underflow or cleaner middlings stream 
is comminuted to break down the locked particles and 
the comminuted material essentially reports to ?ota 
tion or crystallization processes as -l0 mesh material. 
This invention is premised on the discovery that the un 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

2. 
der?ow from the cleaner separation contains smaller 
particles including a substantial number of liberated 
sylvite particles. A sizing of the underflow permits recy 
cle of these particles directly to the gravity separation. 

Separation of small size particles and direct recycle 
minimizes the load on the middlings crusher and recy 
cle circuit and avoids unnecessary generation of very 
?ne particles which require wet bene?ciation. The pro 
cess of this invention increases the production of larger 
particles which, because of their size, constitute pre 
mium product. 
The bene?ciation of sylvinite by gravity separation is 

described in detail in Canadian Pat. No. 792,819 and 
the process of this invention constitutes an improve 
ment within the ambit of Canadian Pat. No. 792,819. 
It is particularly designed for the bene?ciation of pot 
ash ore containing sylvite and halite such as sylvinite 
found in Saskatchewan. Such ores generally will con 
tain from about 25 to about 30 percent sylvite. In addi 
tion to sylvite and halite, the ore may also contain 
minor amounts of constituents such as polyhalite, kai 
nite, keiserite, magnesium sulfate and/or leonite. Gen 
erally comminution to about three-eighths inch pro 
vides liberation of mineral constituents. The term liber 
ation is employed herein to designate that degree of 
comminution which permits the ore to be physically 
separated into a concentrate having an analysis of 55 
percent K,O or more. It will be appreciated that libera~ 
tion of mineral constituents of speci?c ore deposits 
may vary somewhat from three-eighths inch. 
For ease of presentation, the practice of the inven 

tion will be described hereinafter with reference to the 
processing of a —% inch X+l0 mesh ore fraction. The 
mesh sizes referred to herein are standard Tyler mesh 
sizes. 

The process of this invention readily can be carried 
out employing standard equipment well known in the 
art. For example, either wet or dry comminution may 
be employed in the practice of this invention, and suit 
able apparatus includes a ball mill, hammer mill, rod 
mill, impact crusher, or the like. Such equipment will 
provide particles ranging from a selected maximum size 
downward. - 

Comminution will, of course, provide some ?nes 
which may interfere with the gravity separation by al 
tering the speci?c gravity of the medium or by interfer 
ing with the separation of weighting agent from the ore 
particles. Accordingly, the comminuted ore is sized 
employing hydrocones, rake classi?ers, screens, or the 
like to remove at least about the ~10 mesh fraction. 
The —l0 mesh fraction may be deslimed and bene?ci 
ated by conventional ?otation or crystallization tech 
niques as will be discussed more fully below. 
The sized ore (about —-% inch X about +10 mesh) is 

subjected to gravity separation employing a liquid that 
has a gravity intermediate the gravity of halite (approx 
imately 2.17 at 20° C) and sylvite (approximately 1.99 
at 20° C). Typical vessels employed for gravity separa 
tion include cones, classi?ers, drum-type vessels or vor 
tex separatory vessels such as hydrocyclones. 
The liquid media employed for the gravity separation 

may be either a so-called “heavy media” or a so-called 
“heavy liquid.” A heavy media is a suspension. of a 
weighting agent, or a mixture of weighting agents, in a 
brine which is preferably substantially saturated with 
respect to the sylvinite feed. Ferrous media, such as 
magnetite and/or ferrosilicon, are preferred weighting 
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agents because of their commercial availability, low 
cost, ease of recovery and cleaning by magnetic means, 
and ability to form a ?uid medium of the predeter 
mined speci?c gravity in the brine. The ferrous media 
are usually used as'substantially all minus 100 mesh 
particles. These are very readily suspended in the brine 
and the resultant'suspension is self-sustaining with the 
moderate agitation produced by recycling the suspen 
sion in the ‘normal operation. l-lalogenated hydrocar 

. bons and mixtures thereof are suitable for use as heavy 
liquids. lllustrative of such halogenated hydrocarbons 
are methylene bromide (speci?c gravity of 2.49) and 
methylene chlorobromide (speci?c gravity of 1.92). 
Fluorine substituted and iodine substituted alkyl com 
pounds may also be used. 
The terms “circulating gravity” and “speci?c gravity 

of separation” will be used herein in accordance with 
the general usage in the art. Thus, “circulating gravity” 
means and refers to the actual density of the separating 
medium, while “speci?c gravity of separation” means 
and refers to the apparent density of the separating me 
dium based on the separations which can be made with 
it in a speci?c separating vessel. When the separatory 
vessel used is one in which the path taken by the indi 
vidual particles is determined only by their respective 
speci?c gravities, such as a conventional cone, classi 
?er or drum-type vessel, the circulating gravity and 
speci?c gravity of separation will be the same. In such 
instances, the separating medium (either circulating or 
in the separation vessel) will have a speci?c gravity in 
termediate the speci?c gravities of the sylvite and ha 
lite. However, when a vortex separatory vessel is em 
ployed as in the preferred embodiment of this inven 
tion, use is made of centrifugal forces which are many 
times greater than gravity. In such instances, a given 
heavy media may itself have a speci?c gravity, i.e. a cir 
culating gravity, of less than the gravity of either halite 
or sylvite but may produce a separation in a vortex ves 
sel such as a hydrocyclone between the sylvite and the 
halite because the forces in the vessel provide a heavier 
speci?c gravity of separation. For example, a circulat 
ing gravity of 1.85 may provide a media in the vortex 
vessel that has the characteristics of a 2.1 speci?c grav 
ity. The’speci?c gravity of separation of such a heavy 
media would then be said to be about 2.1. The relation 
ship between circulating gravity and speci?c gravity of 
separation will vary somewhat depending upon the ap 
paratus and operating conditions but is readily within 
the skill of the routineer. I 
Gravity separation provides a sylvite-containing 

over?ow and an under?ow that is relatively poorer in 
sylvite values. In the process to which this invention is 
directed, the ore is subjected to both a “rougher” and 
to a "cleaner” separation. The speci?c gravity of sepa 
ration for the “rougher" separation generally will be 
between about 2.10 and about 2.16 while the speci?c 
gravity of separation for the “cleaner” separation will 
be between about 2.02 and about 2.06. When employ 
ing both a rougher and cleaner separation, the over?ow 
sylvite-containing fraction from the rougher is sent to 
the cleaner and the overflow from the cleaner consti 
tutes the sylvite concentrate. l-lalite tails are rejected as 
underflow from the rougher. The under?ow from the 
cleaner is processed according‘to this invention by re 
moving the ?ner particles therefrom and recycling 
those particles to the rougher gravity separation, either 
directly or through a —l0 mesh sizing operation. The 
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4 
coarser particles from the cleaner underflow may be 
comminuted and recycled to the rougher separator. 
Generally particles having a size of less than about 4 
mesh are the particles suitable for direct recycle and 
the larger particles in the cleaner underflow appropri 
ately can be comminuted to about —-4 mesh for recycle 
since it has been determined that comminution to only 
about 4 mesh is adequate to liberate completely the 
values of these particles. While 4 mesh is often a satis 
factory size to separate finer liberated particles from 
coarser “locked” particles, it will be understood that 
for particular ores or processes separation may occur 
at other sizes such as 6 mesh or the like. The appropri 
ate size for any particular circumstance readily can be 
determined by one skilled in the art. Comminution can 
be expected to generate some -—10 mesh material which 
desirably is removed from the gravity separation cir 
cult. 

It is likely that sufficient -l0 mesh material will be 
generated in the process to justify bene?ciation of this 
material also. This material can be bene?ciated readily 
by either conventional froth ?otation or by conven 
tional crystallization. The term “wet "bene?ciation" is 
employed herein to denote either froth flotation or 
crystallization. 

In a conventional wet bene?ciation of —l0 mesh par 
ticles, slirnes can be removed in a hydro-separator and 
the deslimed ore bene?ciated. ln froth flotation, the 
ore may be reagentized with a cationic ?otation agent, 
and the fraction subjected to froth ?otation. Suitable 
cationic flotation agents include aliphatic amines, such 
as n-lauryl amine, and high molecular weight aliphatic 
amines containing about 14 to 20 carbon atoms and 
their water-soluble addition salts, as well as quaternary 
ammonium salts, as for example, octadecylamine ace 
tate, hexadecylamine hydrochloride, and the like. The 
conditioned ore is ?nally fed into a suitable ?otation 
vessel, which usually consists of a battery of units in 
parallel or in series. The ?otation is effective to remove 
as an over?ow concentrate a substantial amount of the 
sylvite content of the fine fraction together with some 
of the halite. The ?otation concentrate is dried and sent 
to storage. The under?ow tail from the flotation opera 
tion, predominating in halite and containing a minor 
amount of sylvite, is removed and discarded as waste. 

In a conventional crystallization process, ore is con 
tacted with heated brine unsaturated with respect to 
KCl but saturated with respect to NaCl in order to solu 
bilize KCl in the ore. Thereafter,’ the brine is cooled to 
deposit KCl crystals. Since the’solubility of NaCl is not 
affected by temperature changes in the same manner as 
NaCl, the process tends to be selective for the produc 
tion of KCl crystals. 
The accompanying drawing is a diagrammatic flow 

sheet illustrating a preferred embodiment of the pro 
cess of this invention. ' 

Ore is fed to crusher 1 to provide 4% inch particles. 
Oversize is removed by screen 2 and recycled through 
line 3 to crusher l. The fraction is then sized at screen 
4 to remove —10 mesh material and provide a fraction 
containing particles ranging from about % inch to 
about 10 mesh. The ‘56 inch X 10 mesh fraction is re 
moved from screen 4 through line 5 to rougher gravity 
separator hydrocyclone 6 desirably having a speci?c 
gravity of separation of about 2.10 to about 2.16. An 
underflow containing halite is rejected as tails through 
line 7 while an over?ow containing sylvite values is re 
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moved through line 8 and is sent to “cleaner” hydrocy 
clone 9, desirably having a speci?c gravity of separa 
tion of from about 2.02 to about 2.06. An over?ow syl 
vite product is removed from hydrocyclone 9 through 
line 10. Under?ow middlings, removed from hydrocy 
clone 9 through line 11, are screened atyscreen 12 to 
provide -4 mesh particles which are recycled through 
line 13 to rougher hydrocyclone 6. Alternatively, the 
particles can be recycled to screen 4 for the removal of 
any —10 mesh material present. The +4 mesh particles 
from screen 12 are removed through line 14 and com 
minuted to about —4 mesh in crusher 15. The commi 
nuted particles are then recycled through line 16 to 
screen 4 so that —10 mesh particles can be removed 
from the circuit. If desired, the ~10 mesh particles can 
be removed from the crusher output and that stream 
can then be recycled to rougher hydrocyclone without 
first passing through screen 4. 
The —l 0 mesh fraction from screen 4 is sent through 

line 17 to hydro-separator 18 for desliming and sub 
jected to cationic froth ?otation in ?otation circuit 19. 
Flotation yields a sylvite product which is removed 
through line 20 and an under?ow halite tailings which 
is removed through line 21. 

It should be noted that the ancillary equipment nor 
mally associated with a hydrocyclone is not shown in 
the attached ?gure. Thus, for example, if the initial 
comminution and sizing are dry, fractions will be sent 
to a pulper wherein the ore is pulped with brine to pro 
vide a slurry. Ifdesired, magnetite can also be added to 
the pulper to provide the requisite circulating speci?c 
gravity. It is also possible, however, to employ an initial 
pulping operation wherein the ore is pulped with brine 
and also to provide a second pulping operation in 
which magnetite and additional brine, if necessary, are 
added to provide the requisite circulating speci?c grav 
ity. Similarly, weighting agents or heavy liquids are 
commonly removed from the hydrocyclone over?ow 
and under?ow streams by screening, brine washing or 
the like. It is possible to process intermediate stream 8 
containing heavy media or heavy liquids without inter 
mediate removal of the heavy media or liquid. in such 
event, however, care must be taken not to upset the de 
sired gravity in the cleaner gravity separation due to 
uncontrolled carry over of heavy media or liquid from 
an earlier gravity separation. 
The following example is included for illustrative 

purposes only and is not intended to limit the scope of 
the invention. 

EXAMPLE 1 

Fifteen thousand parts of mine run sylvinite ore from 
the Williston basin region of Saskatchewan containing 
‘3,970 parts of K20 is comminuted to —% inch and is 
sized to remove —10 mesh particles. The % inch X 10 
mesh fraction, 10,890 parts containing 2,660 parts 
K20, is subjected to a rougher gravity separation in a 
hydrocyclone at a speci?c gravity of separation of 
about 2.12. 
The rougher separation provides 5,930 parts of over 

?ow concentrate containing 2,530 parts K20. Under 
?ow tails total 4,960 and contain 130 parts K20. 
The rougher over?ow is subjected to a cleaner grav 

ity separation in a'hydrocyclone at a speci?c gravity of 
separation of about 2.04. The cleaner separator pro 
vides 3,200 parts of over?ow sylvite product containing 
1,930 parts K20. 
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6 
The under?ow from the cleaner separator consists of 

2,730 parts containing 600 parts of K20. This stream is 
sized at 4 mesh and the —4 mesh fraction is recycled to 
the initial —10 mesh screening operation and then to 
the rougher separator while the +4 mesh fraction is 
comminuted to —4 mesh and recycled to the initial —1 0 
mesh screening operation. 
The ~10 mesh material from the initial screen opera 

tion totals 6,840 parts containing 1,910 parts K20. This 
material is subjected to froth ?otation and provides 
2,870 parts concentrate containing 1,750 parts K20. A 
tailing consisting of 2,870 parts and containing 160 
parts K20. 

In order to demonstrate the advantages achieved by 
the process of this invention, the above process is dupli 
cated on another 15,000 parts of the same sylvinite ore 
except that the entire under?ow from the cleaner sepa 
rator is comminuted through a crusher set at 10 mesh. 
The comparative results are shown in Table 1. 

TABLE 1 

Ex 1 Control 
(weight parts) (weight parts) 

Gravity Concentrate - 

' . Total 3,200 2,870 

K10 1,930 1,750 
—10 Mesh to Flotation . 

Total 6,840 7,850 
K20 1,910 2,130 

Flotation Concentrate 
Total 2,870 3,210 
K20 1,750 1,950 

Product 
Total 6,070 6,080 
K10 3,680 3,700 

Coarse 8L Granular 
Total 2,710 2,580 
K10 1,640 1,570 

Standard ( 14M X 
65M) 

Total 3,360 3,500 
K20 2,040 2,130 

The data of Table 1 demonstrate that less —10 mesh 
material is generated by the process of this invention 
and correspondingly less material therefore need be 
bene?ciated by froth ?otation.- While the total recovery 
is about the same in each case, this invention provides 
more product from the gravity separation and, impor 
tantly, more‘total premium product (coarse & granu 
lar). 1n the control, 42 percent of the total K20 was pre 
mium whereas 58 percent was in the less desirable ?ner 
or standard size. This invention provided 45 percent of 
the K20 as premium and 55 percent as standard. 

EXAMPLE 2 

An under?ow from a cleaner separation was divided 
into several size fractions. Each fraction was analyzed 
for K20 content and was subjected to gravity separa 
tion at a speci?c gravity of separation of 2.05. The re 
sults are shown in Table 2. 

TABLE 2 

Gravity _ Separation 
Under?ow Concenu‘ate Tails %K,O 

+51!" 2.1 17.4 52.9 12.9 33.9 
%"X%" 12.1 15.4 57.2 10.2 40.9 
16"X4M 11.0 22.8 58.8 9.5 69.7 
4MX6M 18.2 23.9 60.2 5.6 84.5 
6MX8M 18.1 23.8 61.2 4.6 87.4 
8MX10M 18.2 20.7 61.6 3.8 87.0 
—l0M 20.3 19.2 61.7 3.8 85.4 
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The data of Table 2 demonstrate that about 75 per 
cent of the underflow was —4 mesh and that gravity 
separation of this material did produce at least 60 per 
cent K20 concentrate in good yield without further 
comminution. This data demonstrate, therefore, that 
the throughput of the under?ow crusher can be re 
duced signi?cantly compared to that required in the 
control process. 

EXAMPLE 3 

The +4 mesh fraction from the cleaner gravity sepa 
ration under?ow was crushed in a jaw crusher to —4 
mesh and subjected to gravity separation at a specific 
gravity of separation of about 2.05. The results are 
shown in-Table 3. 

TABLE 3 

Parts K10 
Wt. % %K,O K10 Distri 

bution (%) 
Feed 100 19.77 V 19.77 100 
Over?ow . ' 

Concentrate 26.6 60.8 16.17 8 I .8 
Under?ow Tails 73.4 4.9 3.6 18.2 

The data of Table 3 demonstrate that comminution 
to —4 mesh is appropriate to provide particles suscepti 
ble of substantial sylvite recovery. 
The K20 content noted above, and employed 

throughout this speci?cation, refers to the potassium 
values present in the ore as sylvite. 
Since variations of the invention will be apparent to 

those skilled in the art, it is intended that this invention 
be limited only by the scope of the appended claims. 

I claim: 

1. A process for beneficiating a potash ore containing 
sylvite and halite comprising: 

1. comminuting the ore to about three-eighths inch 
to substantially liberate the mineral constituents; 

2. sizing said comminuted ore to provide a fraction 
substantially free of particles smaller than about 10 
mesh; 

3. subjecting said fraction to gravity separation in a 
liquid media having a specific gravity of separation 
intermediate the speci?c gravity of sylvite and ha 
lite whereby sylvite-containing particles are re 
moved as an over?ow fraction and halite particles 
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8 
are removed as an under?ow fraction; 

4. subjecting the over?ow from said gravity separa 
tion of (3) to a gravity separation in a liquid media 
having a speci?c gravity of separation intermediate 
the speci?c gravity of sylvite and halite whereby a 
sylvite concentrate is obtained as an over?ow and 
an underflow is obtained; , 

5. sizing said underflow from said gravity separation 
of (4) at about 4 mesh to separately provide larger 
particles and ?ner particles including a substantial 
number of particles having a high K20 content; and 

6. recycling said ?ner particles from (5) to the grav 
ity separation of (3). 

2. A process according to claim 16 wherein said grav 
ity separations are vortex gravity separations. . 

3. A process according to claim 2 wherein a magne 
tite-containing heavy media is employed in the gravity 
separations 

4. A process according to claim 1 wherein the —l0 
mesh particles from the process are subjected to wet 
bene?ciation. 

5. A process according to claim 4 wherein the wet 
bene?ciation is froth ?otation. 

6. A process according to claim 1 wherein the wet 
bene?ciation is crystallization. ’ 

7. A process according to claim 1 wherein the spe 
ci?c gravity of separation of (3) is from about 2.10 to 
about 2.16 and the speci?c gravity of separation of (4) 
is from about 2.02 to about 2.06. 

8. A process according to claim 7 wherein said grav 
ity separations are vortex separations. ' 

9. A process according to claim I wherein the larger 
particles from (5) are comminuted to about —4 mesh 
and are recycled to the gravity separation of (3). 

10. A process according to claim 1 wherein said 
larger particles of step (5) are comminuted and recy 
cled to the gravity separation of step, (3). 

11. A process according to claim 1 wherein said grav 
ity separation of (3) is a vortex gravity separation at a 
specific gravity of separation of from about 2.10 to 
about 2.16; said gravity separation of (4) is a vortex 
gravity separation at a specific gravity of separation of 
from about 2.02 to about 2.06; and the larger particles 
of step (5) are comminuted and recycled to the sizing 
of (2). 

* * * * * 
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