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ABSTRACT

Apparatus and method are disclosed for the prdduc:tioxi of compacted granular potassium
chlonde with improved handling qualitics. A binding ingredient such as sodium
hexametaphosphate is blended with the potassi um chloride feed material in advance of
compaction. .The product of this apparatus and method has improved handling, storage,

strength and other qualities over compacted granular potassium preduced using prior art

methods.
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COMPACTED GRANULAR POTASSIUM CHILORIDE, AND METHOD AND

APPARATUS FOR PRODUCTION OF SAME

This invention is in the field of mineral cxtraction and production, and morc particularly

deals with 2 method and apparatus for the production of compacted granular potassium

chioride.

BACKGROUND

- Potasstum chlonde (“potash™) has many industrial uses, but is most commonly known as

a component of agricultural ferihizers. Potash is typically extracted from underground
sources either by conventional mining techniques or by solution mining. Once extracted,
potassivm chloride can be processed into a number of different fmiéhed forms or
products suitablc for specific industrial, chemicﬂ or agricultural applications as desircd

by individual custorners.

Finished potassium chloride is typically sold in 2 granular form, and the purity and
granule size may vary depending on the end use to which the product will be put. The
grading of potash, and hence its market value are also dependent on both the purity and
granuie size of the product. Typically the potassium chlonde is screened to the desired

particle size for a patticular need.
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A typical potassium chloride feed stock, has a granule size that is comparable to tablc
salt, which is less than the desired granule size. In order to obtain larger granules, this
feedstock is first compacted using a simple roll compacter or the like to produce a sheet-
like product. Subscquent proccssing typically involves confrolled brecakage of the

potassium chloride sheet into granules, which are then sorted to a desired size range by

screening or other methods known in the industry.

However, onc of the limitations with compacted granular potassium chloride produccd in
this fashion has been that the product will physicaliy break down when handled, stored or
shipped. Given that granule size is an important feature in the finished product, breakage
therefore diminishes the value of the finished product. These broken granules that anise
from the hzmdliﬁg of the fimished product during processing are known as recycle or
reclaim material. Such broken granules are collected or ;reclaimed from various areas

during processing and can be mixed back into the feedstock and compacted again.

After the finished product leaves the plant, breakage diminishes the value of the product.
Broken granules are smaller than the desired size and causé problems dunng the storage
and handling of the finished product due to a tendency to generate dust and form clumps,
a property known as “bridging.” Bridging impedes thc flow of the product, and may
result i significant storage problems. Excessive dust causes environmental concerns

while uneven granule size can directly affect application rates.
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Shipping of potash, typically by rail, is not a gentle process either in terms of the
handling involved in the loading of rail cars or mechanical agitation during the extended
movement of the rail cars themselves. Thus, Stomgé, shipping and handhng after the
potash has left the mill can break up granules, with the result that over time undesirable

charactetistics occur in the product.

Therefore, it has been the desire of those in the fieid to find methods of producing an

improved compacted granular potassium chloride product, with better shipping, handling

and storage characteristics as compared to compacted potash products manufactured
using prior art methods. Methods of production that improve the handling characteristics
of compacted potash products and which result in a more durable finished product are of

value as the result will be a more desirable and saleable commodity.

SUMMARY OF THE INVENTION

It i1s the object of the present invention to produce an improved compacted granular

potassium chlonde product with improved handling qualities.

More specifically, it is the object of the present inverntion to provide a method and
apparatus for the production of an improved compacted granular potassium chloride

product that is less likely to break down during handling, transport or long-term storage.
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- The 1nvention accomplishes this objective by the addition of a binding ingredient to the

potassium chloride feed matcrial in advance of the compaction step in a compaction fecd
process or production circuit.  Addition of an effective amount of sodium
hexametaphosphate (SHMP) as a binding ingredient to the potassium chloride feed

material in advance of compaction yields a compacted granular potassium chloride with

better handling or storage qualities.

SHMP is operative to sequester moisture, calcium and magnesium and giue the product
together and thus it will be understood by persons skilled in the art that binding

ingredients other than SHMP will accomplish the same objectives. Therefore, the
substitution or incorporation of such altemative binding ingredients into the process or
product of the present invention is intended to be encompassed within the scope by the

present invention.

| TION OF THE DRAWINGS

While the 1nvention is claimed in the concluding portions hereof, preferred embodiments
are provided in the accompanying detailed description which may be best understood in
conjunction with the accompanying diagrams where like parts in each of the several

diagrams are labeled with like numbers, and where:
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Fig. 1 is a flow chart demonstrating one embodiment of the method of the present
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tnvention;

Fig. 2 is a schematic diagram of one embodiment of a compaction feed process circuit of

5  the present invention, using only passive blending in the potassium chloride feed system,;
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Fig. 3 is a schematic diagram of an alternative embodiment of compaction feed process

circuit of the present invention, ncluding active blendmng equipment in the potassium

chloride feed in advance of the compactors;
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Fig. 4 shows the effect of SHMP concentration on a series of breakage paramcters in

satnples of a finished potassium chloride product;
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Fig. 5 shows the effect of SHMP concentration on production volatiles and the amount of

15  dust present in samples of a finished pctassium chloride product; and

Fig. 6 shows historical data of shipment weathered breakage analysis before and after

= -‘J-‘ et & 1% E A9

- adding SHMP to the feedstock.

20

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

The invention is a method and apparatus for the production of a compacted granular
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potassium chloride product with improved handling and storage capabilities, as well as
the product of this method and apparatus. Tt is necessary to produce a compacted
granular potassium chloride product comprising stronger finished particles that are less

likely to break down during handling, transport or storage.

Addition of a Chemical Binding Agent

In order to improve the strength or handling ability of the finished potassium chloride
granular product it is necessary to produce granules which are less likely to wear or break
down during handling or transport. The present invention combines a chemical binding
ingredient or binding agent with the potassium chloride feed material in the compaction

feed process circuit to yield this improved product.

A binding agent is a chemical that is added into the feed of a compaction circuit to
improve the strength and quality of compacied particles. Such binding agents have been
used on certain circumstances in the production of other granular materials such as

sodium chlonde. However, chemical binding agents have not been used in the processing

of a potassitum chloride fced into a compacted granular product. According to the

method of the present invention, an effective amount of the binding agent sodium
hexametaphosphate (SHMP) is added to the potassium chloride feedstock in advance of
compaction, to yield a finished potassium chloride granular product with improved

handling and storage capabilities,
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- Chemically, SHMP is known to sequester moisture., When blended in a potassium
chloride granular product SHMP will prcvent moisture from miprating out of the

compacted particle. 'When moisture migrates out of a particle, it tends to become more

fragile and breaks down with handling, or during storage or transport.

Impurities in potash, such as calcium and magnesium, are known in the art to increase the
fragility of a potassium chloride product. The additional property of SHMP to chelate
calcium and magnesium, thus also produces the desired eficet of keeping the granule
more stable. SHMP also has adhesive properties when blended in a potassium chioride
10 product, and thus acts literally hold the particle together. This adhesive property makes
the particle stronger and allows the particle to stand up to storage, shipping and handling

much better than does potassium chloride produced without SHMP as an additive.

Other binding ingredients which will accamplish the same result of sequestering moisture
15 in the compacted potassium chloride - particles and/or generally acting as an adhesive to
-help those particles to maintain thcir shapc and handling with minimized breakage during
storage, ﬁandling or transpott, are also contemplated within the scope of the present
invention. Some of the altermate binding agents contemplated within the scope of the
present invention include totra-sodium pyrophosphatc (TSPP), tetra-potassium
20 pyrophosphate (TKPP);, sodium fri-polyphosphate (STPP); di-ammmonium phosphate

i | (DAP), mono-ammonium phosphate (MAP), granular mono-ammonium phosphate

(GMAP), potassiumn silicate, sodium silicate, starch, dextran, lignosulfonate, bentonite,

montmorillonite, kaolin and others.
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It will be understood that binding agents which accomplish the objective of sequestering
moisture, sequestering caicium and magnesium or improving adhesion in the finmished
compacted potassium chloride granular product are contemplated within the scope of the
present invention. Furthermore, one or more bmding agents might be used, and the
effective amounts of each used nmght be varied, depending upon the nature of the

potassium chloride feedstock material and the desired finished product.

Method of Production

The method of the present invention, namely blending an effective amount of a binding

agent such as SHMP into the potassium chlornde feed of a compaction circuit, comprises

the addition of said effective amount of a binding agent to a feedstock of the compaction

circuit in advance of compaction. Compacting this blended potassium chloride feed

stock and then conventional further processing completecs the modified method of

 production contemplated herein.

It will be understood to those skilled in the art that many types of equipment or
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cquipment modifications could be used in different production environments to
implement or accomplish the method of the present invention. The basic requirement is
to add an injector of some type to add a binding agent such as SHMP to the potassium

chloride feedstock in advance of compaction.
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A typical prior art production line or production circuit for compacted granuiar potassium
chloride would consist of a matcrial fecd apparatus such as a belt conveyor, pneumatic
conveyor or the like which input various particulate potassium chioride streams,
screenings, or recovered or discarded potassium chloride material to a compactor. The
purpose of the compactor is to press the feed material into a compacted potassium
chloridé intermediate sheet or cake, which can then be crushed, resized or otherwise

refinished into a desired finished potassium chloride product,

Fig. 1 is a flow chart illustrating the steps involved in one contemplated cmbodiment of
the method of production of the present invention. Specifically, Fig. 1 shows the

injection of a binding agent into the potassium chloride (KCl) feed of a typical

production circuit. The binding agent ot agents could be added to the potassium chloride

feed material by an injector. The imjector may also include some type of metering
equipment, such as those discussed in further detail with respect to the proposed
apparatus of the present invention below, to allow more precise control of the amounts of

binding agent added per unit of potassium chloride feedstock.

After addition of the binding agelit to the potassium chloride feed material, the agent and

the potasstum chloride feed material arc blended. The blending step can either take place

passively, by basically allowing these materials to come together or blend during their

jomt camage through the fced mcchanism, or alternatively there may be specific

blending ecquipment added to the potassium chloride production circuit between the
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injector and the compactor to provide more aggressive or active blending of the binding

agent and potassium chloride feedstock prior to compaction,

The blended potassium chloride feed matenal, now properly mixed with the chemical
binding agent or agents, is then compacted. The compaction process can be performed
using conventional compaction equipment such as a roll compactor or the like. The
rolled or compacted intermediate yvieided can then be further processed into the desired
finished granular product using methods such as crushing, sieving or other conventional
methods suitable to yield a finishéd product of the desired particle size or type. These

steps are also shown in the flow diagram of Fig. 1.

It might 1n certain circumstances be desirable to usc more than one different binding
agent in combination, and this céuld either be accomplished by the injection of a pre-
blended combination of multiple binding agents or else by the separate placement or
injection of the desired amounts of the various binding agents into the potassium c.hloﬁde
feed. It will be understood that any attendant process or equipment modifications to
permit the addition of one or morc binding agents, either concurrently or separately, to
the potassium chloride feedstock are contemplated within the scope of the present

invention.

Production Apparatus
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Vartous types of apparatus can be contemplated which will accomplish the method of the

present invention. An injector needs to be provided to introduce the desired amount of

the binding agent or agents into the potassium chloride feed of the production circuit in
advance of compaction. It may optionally be desired to provide a blcnding apparatus as
well once the binding agent has been introduced to completely combine the potassium
chloride feed matetial with the binding agent in advance of compaction. Various
alterations or modifications could be made to this basic concept to extend its functionality
or tailor its use to particular production chvironments, some of which will be discussed
hcrein and all of which arc obvious to one skilled in the art and are contemplated within

the scope of the present invention.,

In basic embodiments, we could rely upon passive blending of the potassium chloride
feedstock and the injected binding agent(s) within the potassium chloride feed in advance
of the compactor. If there is sufficient length in the potassium chloride feed, and
depending upon the type of feed equipment being used (for example in a pneumatic
dc]ivefy system), the potassium chloride feed material may be adequately blended with
the added binding ingredient(s) without the use of any particular additional or specific
blending equipment, However, depending upon the type of conveyor or feed system
being used, as well as the typical profile of the potassium chloride feed stock and the type
of mjection equipment used to add the SHMP or other binding agent to the potassium
chloride feedstock, it may also be desirable to provide a blending vesscl or other blending

equipment between the point of injection of the binding agent and the point of
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compaction. Both types of systems, with and without a specific blending vessel, wiil be

explained further herein.

Fig. 2 demonstrates one schematic of a compaction feed process circuit in accordance
with the present invention. In this system a pncumatic feed system is used between the
injector and the compactor, which could provide for adequate passive agitation or
blending of the SHMP or other binding agent and the potassium chloride feed stock in
advance of compaction. Agitators might also be used inside of the pneumatic conduits to

provide a more aggressive blending behavior if required.

In any event, the potassium chloride feed 1 can be scen in Fig. 2. This would be the
potassium chloride feed from the remainder of the processing plant, or from the storage
point where potassium chloride feedstock is aggregated for eventual compaction
processing. The delivery system might comprise a belt conveyor or pneumatic delivery

system, or othcr type of delivery apparatus that would accomplish. the objective of

-~ moving potassium chloride feedstock along the production circuit. In this particular case

it is contemplated that this might be a pneumatic system that would cause product feed

blending without additiopal blending equipment or vessels.

Shown next in Fig. 2 is an injector 2. This injector 2 would be any type of apparatus
capable of dispcnsing a desired amount of the binding agent in question into the
potassium chlonde feed 1. Tt is contemplated that the injector 2 would need to include a

metering function in order to adjust the rate of addition of binding agent, as the volume or
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other characteristics of potassium chloride feed material in the potassium chloride feed 1
were varied. Altematively, if the feed rate of the potassium chloride feed 1 were
constant, a simpler injector conld be used for placement of the binding agent. In any
event, any injector which can accomplish the objective of placement of the requisite
amount of SHMP or other binding agent into the potassium chloride feed 1, and maintain
the desired proportion of binding agent, is contemplated within the scope of the present

invention.

The injector 2 will place the desired amount of the selected binding agent or ingredients
in to the potassium chlornide feed | of the compaction circuit. The potassium chloride
feedstock and the placed binding agent will be blended within the potassium chloride
feed 1 between the point of entry from the injector 2 and the point of termination of the
potassium chloride feed 1 at the entry to the compactor 3. As mentioned above, in a
pneumatic system the blending of the potassium chloride feed might be assisted by the
provision of fluting or the like insidc of the pneumatic conduits. More aggressive
blending mié;ht be accomplished by the addition of specific blending equipment at this

stage in the compaction circuit if desired.

The blended potassium chloride feed material will be compacted in a compactor 3, and
upon discharge from the compactor 3 the compacted potassium chloride infermediate (in
the form of a sheet or cake) will be conventionally processed into the desired finished

granular product.
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Fig. 3 shows an alternative apparatus in accordance with another embodiment of the

present invention. The difference between the apparatus of Fig. 2 and that of Fig. 3 is

that in the apparatus of Fig. 3 a specific blending vessel 4 has been added to specifically

‘blend the potassium chloride feed material and the placed amount of the binding agent.

Shown again in Fig. 3 is a potassium chloride feed 1, which in this case might be a belt
conveyor or some other type of a feed that will produce sufficient blending of the
potassium chloride and the binding agent in advance of compaction. The injector 2 again
would be a device capable of dispensing the desired or appropriate amount of the selected
binding agent or agents into the potassium chloride feed 1. In the case of a belt conveyor,
the injector could place the binding agent on top of the potassium chloride carried on the

belt and the binding agent would move down through the potassium chloride as the two

moved toward the compactor and thus blend with the potassivin chloride. It may be |

desired to further blend the two in advance of introduction of this combined matcrial into
the compactor 3. As such there 15 shown a blending vessel 4 into which the potassium
chloride feed 1 is discharged, and from which the blended potassium chloride and
binding agents are dispensed in tum to the compactor 3, in this case by another conduit or
conveyor 5. It will be understood that various types of blending vessels or equipment 4
could be used but that any type of equipment that would accomplish the objective of
sufficicntly amaigamating the potassium chioride and binders in advance of compaction

are contemplated within the scope of the present invention.
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A plurality of potassium chloride feeds from different points in the plant might also feed
into the blending vessel 4 which would allow for the injection of binding agents into only
one of the potassium chloride feeds 1 for simplicity mn function without requiring the
consolidation of the various potassium chloride feeds 1 at any point in advance of the
blending vessel 4 or other consolidation point in advance of compaction. For the sake of
dcmonstration of this concept, there are shown two supplemental potassium chloride
feeds 6, which feed into the blending equipment 4. The supplemental potassium chloride
feeds 6 in this case do not include scparatc imjectors. They simply feed additional
potassium chlonde feed material from elsewhere in the plant into the blending vessel 4.
The supplemental potassium chlonide feeds 6 might be equipped with sensors or metering
equipment 7 which can be connected to the injector 2 on the primary potassium chloride
feed 1, so that the amount of the binding agent which is dispensed is adjusted accordingly
to be the right amount for the aggregated potassium chloride feed volume going into the

blending vesscl 4 from the various feeds 1, 6.

In this case the sensor equipment 7 is shown which could transmit quantity data from the
various supplemental feeds 6 to the injector 2 on the primary feed 1 for the purpose of
calculating the proper inclusion rate of the binding agents by the injector 2, but again it
will be underé,tood that various methods of applying the proper amount of the binding
agent or agents at the injector 2 can be contemplated, inclucling a fixed volume or rate
lirtation on the supplemcntal feeds 6 so that sensors were not required and these

constant volumes could be calculated into the application rates at the injector 2. Another
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“approach would be to put an injector 2 on each supplemental feed 6, which would

effectively turn each potassium chloride feed into a primary potassium chloride fced 1.

The blending vessel 4 might be any kind of tank or hppper or more active blending
equipment, which would accomplish the objcctive of mixing the potassium chloride feed
material, and the injected binding agent or agents, in advance of compaction. All such
cquipment and attendant system modifications are contemplated within the scope of the

prcsent invention.

It will also be understood that 1t might be possible to create an apparatus for the proper
placement and blending of the bindimnmg agent in the potassium chloride feed right at the
point of entry of the potassiumn chloride feed into the compactor itself, and that this type
of an apparatus or approach would also be contemplated within the scope of the present

invention.

Another approach rather than the use of specific blending equipment, such as in the
embodiment of Fig. 3, might be to place the injector 2 at a point in the system where even
if the conveyor or potassium chloride feed systém being used were not sufficiently
aggressive in its blending or mixing ability, there would still be sufficient time or activity
within that movement to adequately and passively amalgamate the material in question,
For example if the potassium chioride feed were aggregating potassium chloride feed
material from various points in the processing plant, placement of the SHMP or other

bindmg agents in the potassium chloride feed at or near the first or initial points of
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collection might result 1n sufiicient blending activity once additional layers or amounts of
potassium chloride feed material were added to the conveyor at other collection points. Tt

will be understood that this type of approach, or an approach that avoids spccific

- blending altogether and allows that to simply take place at the throat or eniry of the

- compactor(s} will also be contemplated within the scope of the present invention,

- It will also be understood that where potassium chloride feeds from various points in the

plant all converge in the compaction circuit at the compactor, that the placement of the
binding agent or agents in one of the potassium chloride feeds for blending at the point of

entry to the compactor are also contemplated within the scope of the present invention.

Asscssing the compacted potassjium chloride granular produced

Tests were conducted using sodium hexamctaphosphate (SHMP) as the binding agent to

- be added to the potassium chioride feed to a concentration of about 100 parts SHMP per

million parts potassium chloride feed (ppm) to about 1500 ppm. The best results were

obtained at SHMP concentrations near the high end, however satisfactory results were

o R A - A e Al as. ity i ah. 0 @
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obtained at SHMP concentrations of around 500 ppm. It will be understood that other
injection rates might be used either with the same binding agent to obtain 3 desired
different result, or a new inclusion rate might also need to be calculated or experimentally

derived if a different binding agent or combination of binding agents were used. Such

optimization tests would be obvious to those skilled in the art.
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A mumber of samples of compacted potassiurm chloride product were taken from the
production circuit prior to the addition of SFIMP, to provide baseline samples against
whose characteristics the compacted granular product of the prescnt invention
incorporating the SHMP could be assessed. A large batch of the compacted granular
product of the present invention, using SHMP as a binding agent added in advance of
compaction, was then produced and a number of tests con&ucted to assess the product of
the present mvention against the pror art compacted granular product. The following
Table 1 demonstrates the overall test results conducted on a number of the samples

containing SFIMP at various concentrations as indicated:

Table 1: Quantitative assessment of the produced Potassinm chioride product

where SHMP is included as a binding ingredient
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The data in Table [ were further analyzed as follows.

Weathered Breakage Analvysis

Several analyses were conducted on the recovered samples. The Dusterbeck Breékage

' System consisting of “As Is Breakage”, “Conditioned Breakage (CBkg)” and

“Weathered Breakage (WBKg)” values are IMC laboratory test measures used to evaluate
the relative hardness of potash product of the present invention. The “As Is™ test is
performed on finished product immediately after the sample is taken. The CBkg test is

performed aﬂer'ﬂ'xe finished product has been subyected to a 26% relative humidity (RH)

~ environment for 24 hours, The WBkg test is performed after the finished product has

‘been subjected to a 72% RYE environment for 24 hours. A WBkg analysis was conducted

‘on the produced granular product that included SHMP. The results of that analysis are

. RN R 5 P h:-E\\\WWFWMW&MWWWﬁ : \%ﬁ LSS A DIV TR T SRR fe cnet R s S N S AV AR e “‘.y":‘*ﬁm“h:,l Joal A 2 Al v s 4 AP e - .

shown in Fig, 4.

The results indicate that breakage was highest in the untreated baseline samples and

decreased when SHMP was added as a binding agent. The lowest WBkg values (datd
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pownts 3,4,5 from Table 1) were coincident with the highest concentrations of SHMP.
The data show that the inclusion of SHMP as a binding ingredient, in accordance with the
method of the present invention, improves the durability of the end product as evidenced

by the reduction in WBkg values.

Anialvsis of Production Volatiles and Dust

The quantity of volatiles in various samples was also assessed. The resuits of the volatile
10 testing are shown in Fig. 5. The results indicate that SHMP addition has no effect on
total volatiles production. Likewise, the results also indicate that SHMP addition had no

effect on the proportion of dust present in the samples.

15  Product Reclaim Analysis

A number of rail cars were loaded with the newly compacted product, and reclaim

- samples obtained during the loading of these cars. The term reclaim sample here refers to
product that has been transferred from warehouse storage to the refinery and re-screened

20  prior to oil treatment. Typical reclaim breakage values for aged product produced
without SHMP are as high as 25-30%. To determine if the addition of SHMP reduces the

amount of reclaim product breakage, samples produced with SHMP were analyzed as

follows:
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Table 2: Reclaim Analyscs
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The results indicate that shipment weathered breakage averaged 4% for Granular
reclaim. product. Granular potassium chloride rcclaim product, displaying breakage

values below 20%, is considered to be good quality product.
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Five test cars were loaded with the SHMP test product, o determine whether SHMP
prevented damage during loading and shipping. The results from shipment analyses arc

shown in Table 3 as follows:
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Table 3;: Shipment Analyses
Ticket 387090 397091 337092 387093 397004
Loading Analyses |
Total Volatiles (%) 0.19 0.18 0.19 0.17 0.17
Weathered Breakage (wt %) 13.01 14.05 13.95 13.42 12.95
Conditicned Breakage (wt %) 3.32 2.97 3.27 3.23 3.49
Dust (%) 0.01 0.0 0.01 0.02 0.02
Qil {Ibfton) 2.5 2.18 2.21 2.11 1.97
SHMP (ppm}) 649 522 493 595 818
Tyler Mesh Sieve |
6 14.5 28.5 24.52 21.1 Z28.4
8 60.9 73 74.04 67.2 74.8
10 02.2 06.6 95.59 94.4 06.7
12 Q7.7 99.5 98.49 98.7 99.5
14 98.0 097 49.13 98.3 49.8
20 993 99.9 99 48 99.7 99.9
35 09.8 99.9 09,78 99.9 92.9
Analyses After 3 Weeks
Weathered Breakage (wt %) 14,1 13.4

The results indicate that shipment weathered breakages were 13 — 14% for product
tre.ﬁted with SHMP at about 500 ppm to about 300 ppm, and even after three weeks of
storage, breakages remained at 13 — 14%. As breakage values below 2(0% are considered
to indicate a good quality product, SHMP was effective in maintaining the quality of a

finished compacted granular potassium chloride product produced by the method of the

present invention. Conditioned breakage and dust results gave typical conventional

values when compared to historical shipment data.

Comparisons of shipment weathered breakage mcasurements werc made for compacted
granujar product produced before and after SHMP was utilized in the production of

compacted granular potassium chloride. The rcsults are shown in Fig. 6. The results

indicate that reduced levels of Shipment Weathered Breakage have been achieved as a
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result of including SHMP as a binding agent in the production circuit. Prior to the
inclusion of SHMP n the compaction process, granular product was produced that
showed breakage levels in a range from 15.0 — 30.8%, with an average of 22.4 +/- 4.8%
In contrast, since the inclusion of SHMP in the production circuit, breakage levels have
been in a range from 9.6 — 20.6%, with an average of 14.3 -+/- 5.3%. This is a sipnificant
improvement in granular product quality brought about by the addition of a binding agent

prior (O cotnpaction.

The foregoing i1s considered as illustrative only of the principles of the invention.
Furthermore, since numerous changes and modifications will readily occur to those
skilled in the art, it is not desired to limit the invention to the exact construction and
operation shown and described. Accordingly, all such suitable changes or modifications
in the structure or oﬁera,tion that may bce resorted to in order to accomplish the objective

of yielding a compacted granular potassium chloride product including a binding

ngredient to improve the strength and handling quality thereof are intended to fall within

the scope of the claymed mvention.

w
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CLAIMS:
We claim:
I A method for the production of compacted granular potassium chloride with

improved handling, transport and storage capabilities comprising the steps of;

adding an effective amount of sodium hexametaphosphate (SIIMP) to a

potassium chloride feedstock,

mixing the SHMP and the potassium chloride feedstock to produce a

blended mixture;

compacting the blended mixture in a compaction process to produce a

compacted potassium chioride product; and

processing the compacied chlorde product to produce a granular

potassium chloride product.

.!\)

The method of Claim 1 wherein an effective amount of SHMP is greater than 1.0

Pp1.

3. The method of Claim 2, wherein an effective amount of SHMP is in the range
from 1.0 - 10,000 ppm.

4, The mcthod of Claim 3. wherein an effective amount of SHMP is in the range of
300 - 1000 ppm.
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3. The method of any one of Claims 1 to 4, wherein the SHMP 15 continuously

added to a potassium chloride feedstock in 2 compaction feed process.

6. The method of any one of Claims 1 to 5, wherein the SHMP and potassium
chloride feedstock are mixed in a blending vessel prior to the compaction feed

PTOCESS.

7. The method of any one of Claims 1 to 6, wheremn a plurality of potassium chloride

feedstocks are simultaneously blended with the SHMP in a single mixture.

8. A granular blended potassium chioride product comprising granules of potassium
chloride blended with SHMP, whercin SHMDP is present in an amount eftective to

improve the durability of the granules.

9. - The product of Claim 8 wherein the effective armount of SHMP is an amount

greater than 1.0 ppm.

10.  The product of Claim 9 wherein the effective amount of SHMP is an amount in
the range of 1.0 — 10,000 ppm.

11.  The product of Claim 10 wherein the effective amount of SHMP is an amount in
the range of 300 - 1000 ppm.



CA 02465461 2008-07-08

12.  The product of any of Claims 8 to 11, wherein the granular potassium chloride

product undergoes an average shipment weathered breakage of less than 20%.

13.  The product of Claim 12 wherein the granular potassium chloride product

undergoes an average shipment weathered breakage of less than 15%.

14. A method for the production of compacted granular potassiom chloride with

improved handling, transport and storage capabilitics comprising the steps of;

adding an amount of a binding agent effective to sequester moisture in a

potassium chloride feedstock;

adding an amount of a binding agent cffective to sequester calcium and

magnesium in a potassium chloride fcedstock;

mixing the binding agent and the potassium chloride feedstock to produce

a blended mixture;

compacting the blended mixture in a compaction process to produce a

compacted potassium chloride product; and

processing the compacted chloride product to produce a granular

potassium chloride product;

wherein the binding agent 1s added in an amount effective to produce a

eranular blended potassium chloride product that undergoes an average

shipment weathered breakage of less than 20%.
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16.

17.

18.

19,
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The method of Claim 14 wherein the binding agent is a phosphate.

The method of Claim 15 whercin the phosphate compound comprises at least one
of sodium hexametaphosphate, tetra-sodium pyrophosphate, tctraépotassium
pyrophosphate, (ri-sodium phosphate, di-ammonium phosphate or mono-

ammomum phosphate.

The method of Claim 14 wherein the binding agent 1s a silicate.

The method of Claim 17 wherein the silicate is onc of potassium silicate and

sodium silicate.

The method of Claim 14 wherein the binding agent is a general compound,

comprising al least one of starch, sugars, clays, ligonosulfonates and langbeinite.

The method of any one of Claims 14 to 19 wherein the binding agent is a blend of
an effective amount of at Ieast one of a phosphate, a silicate and a gencral

compound.

The method of any one of Claims 14 to 20, wherein the binding agent is
continuously added to a potassium chloride feedstock in a cdmpaction feed

process.
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23,

24,

25.

26.
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The method of any one of Claims 14 to 21 wherein the binding agent and
potassium chloride fcedstock are mixed in a blending vessel prior to the

COMPaction process.

The method of any one of Claims 14 to 22 wherein a plurality of potassium

chloride feedstocks are simultaneously blended with the binding agent in a single

mixturc.

A granular blended potassium chloride product produced by the method of any

one of Claims 14 to 23.

The product of Claim 24 wherein the granular blended potassium chloride product

undergoes an average shipment weathered breakage of less than 15%.

The method of Claim 14 wherein the binding agent is added mm an amount

ctfective to produce a granular biended potassium chloride product that undergoes

an average shipment weathered breakage of less than 15%

The method of Claim 14 wherein the binding agent is sodium hexametaphosphate
(SHMP).

The method of Claim 27 wherein the effective amount of SHMP is an amount

greater than 1.0 ppm.
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29, The method of Claim 28 wherein the effective ammount of SHMP is an amount In

the range of 1.0 - 10,000 ppm.

30. The method of Claim 29 wherein the effective amount of SHMP 1s an amourt 11

the range of 300 - 1000 ppm.
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Fig.1

Collect or obtain RO food material from plant

KLl feed

Compact blended KOl foed material

Dowastream processing of compacted fued
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