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' IMPROVEMENTS IN AND RELATING TO SOIL TREATMENTS

Technical Field
This invention relates to improvements in and relating to soil treatments.

In particular, this invention is directed to provide a granule of varying composition but with

tailor-made particle distribution to suit various applications, soil and temperature conditions.

‘The granule, following application, is directed to easily disperse in the soil yet have sufficient

compressive strength to ensure that the granule does not break-up during storage,

* transportation and application.

It is envisaged the invention will be _applicablé to any situation, for example agricultural,
horticultural, forestry, commercial, industrial or domestic situations where soil treatments are
required and where it is desirable for such soil treatments to be tailored to meet a specific

need and based on soil type. However, the invention may have applications outside this field.

Background Art

In any agricultural, horticultural, forestry, commercial, industrial or domestic situation where
at least optimal growth of vegetation is required or desired a number of factors interplay. Not:
the least of such factors is soil type/structure and nutrient availability. |

Soil structure has a major influence on water and air movement, biological activity, root

growth, seedling emergence and plant yetention. Soil structure is determined by how
individuai soil granules clump and thus the arrangement of soil pores between them.

Soils also differ in nutrient profile. For exajmpls; most soils in South Africa are poor in

phosphorus and do not contain enough to sustain normal plant growth. Phosphotus
deficiencies by extension therefore occur in ruminants grazing on ph‘osphorus-deﬁcient,
pastures. By comparison, soils in Western Australia are very old, highly weathered and

deficient in many of the major nutrients and trace elements zine, copper, manganese, iron and
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molybdenum. Accordingly, fertilisers are routinely applied to such soils to achieve the
nutrient profile desired to sustain plant growth for harvest and/or to provide nutrients to

grazing stock animals.

Fertilisers are nutritional compounds given to plants to promote growth, Fertilisers typically
provide macro and/or micronutrients in varying proportions. Those required in large
quantities for plant growth include nitrogen, phosphorus, potassium, sulphur, calcium and
magnesium (macro-plant-nutrients), and those required in much smaller quantities include
copper, zinc, manganese, boron, iron and molybdenum (micronutrients), The most
commonly available fertilisers provide the three major macronutrients (nitrogen, phosphorus,
and potassium). For ‘GXample, an 18-51-20 NPK fertiliser would contain by weight, 18%
elemental nitrogen (N), 22% elemental phosphorus (P) and 16% elemental potassium (K).

Fertilisers may be applied as organic or inorganic fertilisers, Organic fertilisers include

manure, slurry, worm castings, peat, seaweed, sewage , guano, green manure crops, cOmpost,

- blood meal, bone meal, seaweed extracts, natural enzyme digested proteins, fish meal, and

feather meal. Naturally occurring minerals such as mine rock phqsphate, sulfate of potash
and limestone may also be considered to be organic fertilisers. A range of manufactured
fertilisets ate also évailabfe For example, nitrogen fertiliser is often synthesized using the
Haber-Bosch process, which produces ammonia. This ammonia is applied directly to the soil

or used to produce other compounds, ‘notably ammonism nitrate and urea, both dry,

concentrated products that may be used as fertiliser materials or mixed with water to form a

concentrated liquid nitrogen fertiliser, Ammbni_a da,n also be used in the Odda Process in

combination with rock phosphate and potassium to produce compound NPK fertilisers.

" Fertilisers may be water-soluble (instant rélease) or relatively insoluble

(controlled/sustained/timed release).

However, whilst fertilisers may be applied to meet nutritional needs of plants, they are less
likely to be tailor-made in respect of particle distribution to suit the soils to which they are
applied. Further, whilst various applications may be tailored with respect to the dispersal as -
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fast, slow, medium release products over ti’me,,kthey are typically less tailored in respect of

particle distribution to suit climatic conditions as required.

This can lead to the problem of over-fertilisation which is primarily associated with the use of
artificial fertilisers and results from the massive quantities applied and the destructive nature
of chemical fertilisers on soil nutrient holding structures. The high solubilities of chemical

fertilise‘rs also exacerbate their tendency to degrade ecosystems.

There are also problems associated with storage and application of some soil treatment

'products and fertilisers. For example, fine elemental sulphur is both explosive and a health

hazard, Nitrogen fertilisers in some weather or soil conditions can cause emissions of the
greenhouse gas, nitrous oxide (N:0). Ammonia gas (NH;) may be emitted following
application of inorganic fertilisers, or manure or slurry; and ammonia can also increase soil

acidity (lowering of soil pH). Excessive nitrogen fertiliser applications can also lead to pest

‘problems by increasing the bxrth rate, longevity and overall fitness of certain pests.

Whllst is also possible to over-apply organic fsrﬁlisers; their nutrient content, their solubility
and their release rates are typically much lower than chemical fertilisers. By their nature,
most organic fertilisers also provide increase& physical and biological storage mechanisms to
soils, which tend to mitigate their risks. HoWev’ér, again the applicatiqn of such fertilisers is

not typically geared to being tailored ma}de for specific soil types.

For these reasons, it is important to know the soil type, the nutrient content of the soil and
nutrient requirements of the crop, so that desired outcomes can be catefully balanced with the
application of soil conditic'ming and/or fertiliser products. ’By careful mcnitoring of soil,

ofcleanmg up any pollutmn created can be, ava;ded,

While the present invention has a number of potentially realisable applications, it is in relation
to problems associated with existing soil treatment and f,erfilising systems that the present
invention was developed. More specifically, it was with regard to the issues of providing a

treatment system tailor-made to specifically suit the specific application, soil conditions and
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climatic conditions, including temperature. It was also developed with safety and health

issues typically associated with such systems, that the present invention was developed,

Finally, it was having regard to the need to provide a treatment system that would easily

disperse in the soil, provide the desired effect, had sufficient compressive strength to ensure

10.

11.

that the product did not break-up during storage, transport and handling and that would

_minimise waste of product when applied.

1t would be useful therefore, to have a soil treatment system that:

Could be tailor-made to spemﬁcally suit the specific apphcatlon, soil conditions
and climatic conditions including temperature; and

Considered and improved on safety and health issues of existing systems; and

Was effective at mobzhsmg nutrients and/or soil enhancing camponents so0 that
good plant growth could be achieved with lower nutrient densities; and

Effected less wastage of nutrients and/or soil enhancing components through run-
off air dispersal and so forth; and

Released nutrients at a de,ter_mmed, more consistent rate, helping to avoid boom-

and-bust patterns; and

Helped, where applicable, to retain soil molsture, reducing the stress to plants and
soil structures due to temporary moisture: stress; and '
Contributed where appropriate to improving the soil structure; and

Minimised the possﬂalhty of "burmng" plants with concentrated chexmcals ciue to

~ an over supply of some nutrients; and

Provided a more cost effective alternatwe to present systems employed including
costs of handling, transportatmn and application costs, and

Provided a consistent product, so that accurate apphcatmn of nutrients to match

_soil type ‘anﬁd‘ plant production wg,slpos-sible,’; and

Would be easy to use.

It would therefore be advantageous to have an invention that offered at least some, if not all,

effthe; potential advantages of the above proposed treamnent system. It is therefore an .cbject o
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of the present invention to consider the above problems and provide at least one solution

which addresses ap}uré’liiy of these problems.

It is another object of the present invention to at least provide the public with a useful choice

or alternative system.

Further aspects and advantages of the present invention will become apparent from the

ensuing description which is given by way of examplehonly. It should be appreciated that
variations to the described embodiments are possible and would fall within the scope of the

present invention.

Disclosure of Invention

This invention is directed to provide a soil treatment system. The soil treatment system is

preferably directed to improving soil condition and/or soil-nutrient availability for plants.

The term treatment as used in this specification typically will involve a knowledge of the
condition of the soil via prior analysis and involve administration to the soil, or a regimen of
applications, of particﬁlar' preferred matter (whether orgaﬁié or ‘inorganic and whether singular
or a combination) which aids in improving at least the 5011 condition (including structure)

and/or soil nutrlent content.

Preferably, the soil treatment system is provided in granule form for application to soils.

' For the purpose of the present invention the term granule shall mean any small blocks of

molded and/or compressed material and/or otherwise formed and shall include varyingly -
shaped and sized pellets, fragments, briquettes and 50 forth. The use of the term granule

should therefore not be seen as limiting this invention.

Preferably, the granule is specifically tallor-made in respect of the partlcle distribution of its
components to suit various apphcatmns, soil and chmatw condluons (mcludmg temperature)
as required. The granule may have varying composition dependmg an the components of the

granule and the application it is designed for,
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Preferably, the granule is specifically tailor-made in respect of particle size and/or surface
area of its compotients to suit various applications, soil and climatic conditions (including
temperature) as required. The granule may have varying particle sizes within its composition

depending on the components of the granule and the application it is designed for.

Préferably, the particle size is optimised by fine-grinding and classification to suit differing
soil conditions and the purpose for which it is being used.

Preferably, the granule components are tailor made to suit specific soil types in particular

countries and for particular soil types in particular ”regionswithin said countries.

Preferabiy, the granule, following application, is required to make the components of the

granule available within or on the soil. To achieve this, the granule preferably disperses at a

| preferred rate,

Preferably the dispersion of the granule enables thé components of the grénule to be available.
However, the individual components of the granule niay vary in the rate at which sach will be
directly available for the specific need. For example one component may be immediately
~available for use — whether as a nutrient or soil conditioner; whilst others may be released in
the soil over time, or at different rates, or with the onset of particular climatic or soil

temperature/conditions as required.

In some embodiments of the invention, the granule may be prepared to enable either or both

immediate dispersion of the granule and immediate release of the granule components into or
onto the soil. In other embbdiments, the granule may be prepared to enable delayed
dispersion of the granule and controlled release of any or all of the grax}ule components over
time, or following a set period afterapplibation of the granules, or in preferred conditions. In
yet further embodiments, the granule may be prepared to enable immediate dispersion of the .
granule and then controlled release of any or all of the granule components over time, or
foHoWing a set period after application of the granules, or in preferred 'c.onditions. For

example, in some embodiments of the present invention, the granules may be coated to delay

 dispersion of the granule per se or delay release of a specific component. In other
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embodiments, the granule may be formulated to disperse in water within a few minutes yet
delay release of a component, For example, coating the granules with a nitrogen inhibitor can
control the release of urea, thereby reducing leaching of nitrate and volatilisation of nitrous
oxide and ammonia. In this case, the granule is simply dispersing, but it should be
appreciated the availability of the particular nutrient component is then determined by the
speéiﬁc s‘blubility of thai individual nutrient component.

Pressing methods are preferably applied in the formation of the granule form of the product.

E Any suitable press method may be developed or adapted for use in achiev_ing the present

invention;

Prefcraiﬁly however, the granule does not break-up during storage, transportation and
application. To achieve this, the method of manufacture is directed to producing a granule
having 2 preferred compressive strength (or crush-strengt‘h);* The compressive strength is
directed to ensure that the granule which results is less likely to breakdown during handling,

transportation or application.

Preferably, the granules are uniform in size. The uniform sized granules coniribute to more

accurate spreading. However, the granules may be varyinglyv shaped.

Preferably, the gra;nules are colour coded to ensure the correct formu}atxon is apphed to a

partlcular treatment SIte, fora pamcular end result

It is important to produce granules with optimum storage, handling and application

characteristics under a full range of conditions. For example, this is the case particularly for

‘'urea or other types of fertiliser products under high humidity conditions.

The following techniques may be used to achieve this, by:

‘a)  Minimising the surface area of the granules - by producing smooth surfaced granules,

Gfanulesp;'odu:cﬁl by various means can typically have rough surfaces and therefore a higher

" overall surface area. A pellet press can be used to produce granules with smooth sides and
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* clean-cut ends. Briquettes are an example of granules produced which are typically smooth

on all sides. Often the compression stage can lead to a sheen, often noticeable on briguette-

type granules.

b) Minimising the bulk surface area. The overall surface area of the bulk fertiliser

granules can be reduced by producing larger sized granules.

c) Minimising the amount of moisture present in the granule.  This will especially
mitigate problems encountered due to moisture absorption under high humidity conditions.

d) Producing harder granules. Granules produced under higher pressure will be harder

and have better handling characteristics.
¢) " Post-production heatingk of the granuies' Such heating can be applied to produce a
hardened surface. This may also further reduce retained/absorbed moisture following

production of the grahules.

by} Coating of granules with lime powder can be undertaken.

| g) Storage of granules in preferred conditions for a preferred period of time.

It may be that such techniques are employed to also affect the dispersion rate of the granules.
For example, newly produced granules may disperse mote quickly than granules which have

been stored for a period of time before application onto the soils — whether such changes are

- effected by further drying of stored granules, changes in pH over time or other such factors.

According to one aspect of the present invention there is provided a particulate fertiliser

comprised of particulate organic and/or inorganic components.

According to another aspect of the present invention there is provided a particulate fertiliser in

the form of granules, briquettes or prilis.
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According to one aspect of the present invention there is provided a method for maximizing

the availability of at least one soil treatment composition, said soil treatment composition

- containing at least one active component, said method including the steps of:

a) Selecting the soil treatment components required; and

b) Preparing said components in dried form, said components being ground to a preferred

_ particle size; and -

¢) Mixing said components together; and |

d) Adding a preferred quantity of solvent to the mixed components; and

d) Applying pressure to a quantity of said component-solvent mixture to form granules of the
camposition;§ and | ' v :
said method characterized by the particle sizes of the components being specifically targeted

for use with a particular soil type and/or treatment requirement.

According to another aspect of the present invention there is provided a method, substantially
as described above, wherein an optional dispersion and/or binding agent is sdded to the

component mix.

According to another aspect of the v present invention there is provided a method, substant_ially N
as described above, wherein at least one of the active components also acts as dispersion

and/or binding agent.

According to another aspect of the present invention there is provided a method, substantially -

as described above, wherein the solvent includes at least one of water, oil.

- According to another aspect of the present invention there is provided a method for

maximizing the availability of at least one soil treatment composition via prolonged release of
the components on to and/or into the soil, said method including the step of: grinding the
components to achieve a preferred particle size, said particle size being adapted to the soil

type and requirement and providing an increased surface area to improve availability of the

~ component in to or onto the soil.

10
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According to another aspect of the present invention there is provided a method substantially

as. described above achieved via coating of the granule to effect delayed release of the

components over a period of time after introduction of the granule on to or into the soil.

According to another aspect of the present invention there is provided a soil treatment
composition in the form of a granule substantially as described above wherein the delay in
release of the components of the granule is accomplished by encapsulating the granule within
a dissolvable or degradable protective layer.. '

According to another aspect of the present invention there is provided a soil treatment

composition in the form of a granule substantially as described above wherein a quantity of

~ the components of the granule is released substantially continuously, once release is initiated,

for the intended life of the granule.

According to another aspect of the present invention there is provided a soil treatment
composition in the form of a granule substantially as described above wherein there is
provided an initial boosted release rate of components from the granule folloWing

introduction of the granule on to or into the soil. .

According to another aépect of the present invention there is provided a soil treatment

composition in the form of a granule substantially as described above wherein there is

provided at least a second boosted release rate of components from the granule following

introduction of the granule on to or into the soil.

According to another aspect of the present invention there is provided a soil treatment
composition in the form of a granule substantially as described above wherein the interval
between the initial and second boosted release rates corresponds to a predetermined ideal

period between release and action of the first component and release and action of a second

* component.

According to another aspect of the present invention there is provided a soil treatment
composition in the form of a granule substantially as described above whetein a boosted

i1
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release rate of the components of the granule is accomplished by providing a secondary
component having different release rate characteristics than the first component,

According to another aspect of the present invention there is provided a soil treatment
composition in the form of a granule substantially as desctibed above wherein a boosted
release rate of the components is accomplished by providing one component having an

exposed surface area greater than other component(s) in the granule.

According to another aspect of the present invention there is provided a soil treatment
composition in the form of a granule substantially as described above wherein one component

operates as a carrier matrix system through which at least a sécondccomponent is dispersed.

According to another aspect of the present invention there is provided a soil treatment
composition in the form of a granule substantially as described above wherein the carrier

matrix component dissolves when exposed to the environment into which it is introduced, to

_expose at least one other component in a time release manner.

According to another aspect of the present invention there is provided a soil treatment
composit’ibn in the form of a granule substantially as described above wherein the granule, in
its entirety, is substantially biodegradable within the soil treatment environment to which it is

introduced.

A soil treatment composition in granular form, said granules have a mechanical resistance, -
dimensions and weights being appropriatc for the distribution and the mechanical application
on the ground and in the ground, the granules being characterised in that they include finely
éround particulate components, | |

VFA soil treatment composition in granular form, characterized in that the dimension of fine

particles do not exceed a preferred dimension as required.

12
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‘A method of preparation of a granular soil treatment composition wherein the particles of the

components are mixed with a binder in effective proportion to bind the particles in the form of

granules ha:‘ving dimensions and weights appropriate for a mechanical application.

As previously advised, it is envisaged the invention will be applicable to any reasonable
situation where soil treatment is desired or required. These include agricultural, horticulfural,
forestry, commercial, industrial or domestic applications where each situation may be need-
specific and requires consideration of the physical, organic and chemical nature of the soil,
such as soil type, density and so ‘for‘th;, as well as the climatic conditions of an area; and so
forth, '

The granules may be applied via aerial top-dressing, mechanical spreaders, manually.

During the ensuing discussion of the invention, the granule will now be described with
reference to its use as a fertiliser. However, this description is not intended to limit the scope
of this invention, For example, the invention may be directed to using a gra:nuie prdduce‘d
within the ambit of this invention for soil conditioning, for specific crop typesv and so forth.
In this regard, whilst the following description relates to fertilisers (for introducing both
macro and/or micro nutrients into soils), the granule may comprise a proportion of gypsum
for use in clay soils; organic material for use in sandy soils; water retention materials for use
in soils prone to drying; non-traditional soil enhancers, such zé;s hydrogen peroxide (which if
rele,asé‘d to soil will be bfpke‘n down by reacting with other compounds, yet during oxidation

can be effective against: pests or promote pasture growth); and so forth.

In practice, a compromise between the use of artificial and organic fertilisers is common -
typically by using inorganic fertilisers supplemented with the application of organic matter
that is r-gadily available. The present ihye;_nti_on lends itself to such practice, by enabling the
components of the granule to be tailor-made to include inorganic fertiliser components and
organic fertiliser components to achieve ’ﬂief desired end-product. The organic fertiliser

components may operate as a matrix to support thé inotganic fetiliser components.

13
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In addition, some soils require treatments other than solely fertilisers/nutrient application.
Again, the present invention lends itself to such practice, by enabling the components of the
granule to be tailor-made to include soil conditioning components with or without inorganic
fertiliser components and/or orgamc fertiliser components as reqmred to achieve the desired

‘end-product.

In addition, some plants require soils which provide the eénvironment for the plants not only to
grow, but to stimulate and support other plant requirements. Again, the present invention
lends itself to such practice, by enabling the components of the granule to be tailor-made to

include components (such as nitrogen fixing bacteria, other microbes, etc required for healthy

-~ soils or as required by particular plant species); and again with or without inorganic fertiliser

components and/or organic fe:tiliser components as required to achieve the desired end-

product.

When considering the typical nutrients opplied.to soils those required in large quantities for
plant growth inciude nitrogen, phosphorus, potassium, sulphur, calcium and magnesium being
the main macronutrlents. Of these, nitrogen is important as it promotes rapid leaf growth
However, too much nitrogen can prolong a plant’s growing season and delay rlpenmg It can
also result in too rapid and luxuriant growth with weakened plant stems that can collapse
through the weight of leaves, or by strong wind ot rain, Too much nitrogen can also lower a
plant’s resistance to diseases. The two most important forms of ni’emge‘n, namely nitrate or
ammonium, are freely soluble in water, and can therefore be washed out of the soil by too
much rain or irrigation water. Urea is a commonly used fertiliser as a source of ground and/or

plant nitrogen.

| Phosphorus is essential for the division of cells at the growth points of the plant roots

underground as well as at the growth points of plants above the ground If the plants take up
too little phosphorous, they grow slowly and remain small, and the ripening of especwHy
grain seeds is slowed down. Too much phosphorous in the soil or too much of it added by

way of fertiliser is not really harmful for plant gtowth, but it is a waste of money.

14
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Elemental sulphur is a valuable plant nutrient often requited due to sulphur deficient soils.
Soils may also be deficient in micronutrients such as copper, ‘zinc, manganese, boron, iron

and molybdenum

In relation to the application of this invention to soil treatment, the following description is

~ one potentially advantageous example relating to the application of macronutrients to soils.

However, this ensuing description is not intended to limit the scope of the invention.

The following description relates to & granule in which the components are :ureak and elemental
sulphur. However, other examples include granules in which the components are elemental
sulphur and bentonite; or reactive phosphate rock with elemental sulphur and triple
superphosphate. Description of the present invention with reference to these examples,
should not however be seen to limit the scope of the present invention, The invention does
cxtend to -the inclusion of micronutrients, organic matter and oth,e,i soil conditioning

components, such as gypsum, lime and so forth.

Lime-Suphur particles in Granules may be preferred due to the high costs of phosphate
fertilisers. As such a market is developing for grahular‘ lime-sulphur fertilisers, These
granules can be produced with dispersants such as bentonite where rcquired. Both the lime
and sulphur can be milled to the optixmm patticle size and incorporated into the granule. The
granular form allows the use of much finer lime and sulphur than conventional fertiliser
products which have fineness limits due to dust drift problems on application. The use of fine
lime and ‘sillphur in the granules ensures that both components are quickly available after

application. These advantages combine to produce a more cost-effective product.

Both urea‘and elemental sulphur have traditionally been used in various: fo‘rmsV and in
combinaﬁon with other fertiliser products. Comnventional elemental sulphur-coated urea can
take up to several weeks to disperse in the soil be,foier the nitrogen becomes plant-available.
The sulphur is typically applied externally to a urea prill. This method places a limit on the
amount of sulphur which can be applied and makes it difficalt to control the overall

composition of the granule. Many soils require a coarse grade of sulphur. These larger

“sulphur particles are difficult to adhere to the urea prill. Sulphumoa’céd urea has the added
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disadvantage of producing a certain amount of hazardous fine sulphur dust during storage,
transportation and application.

Other types of urea-sulphut granules are produced by mixing molten sulphur and molten urea.
‘When ‘molten urea and moltén elemental sulphur are mixed to pi'oduoe a granule, it is not
possible to accurately control the particle size distribution of the sulphur. When urea prills
are coated with molten sulphur the coating must be relatively thin, otherwise the sulphur
particles are too large to react. This limits the amount of sulphur which can be applied. Fine

ground elemental sulphur has more reactive surface area than sprayed molten sulphur.

Onev aspect of the present invention is to therefore provide a fertiﬁ'ser granule, said granule
including one or more of a binding ag‘en‘t,' a dispersing agent and optimum amounts of
particulate plant nutrients which can be released in a timely fashion to the soil to achieve
rapidﬁ_»avai'labiﬁty for plants, said granule being characterised by ’said particles being sized
differently to match the particle sizes required by different soils, different climatic conditions -
and the different plant nutrient release rates required. | o

According to another aspect of the present invention there is provided a granule for use in soil
wiw basis (wherein the component amounts total 100%):

a). Controlled release elemental sulphur up to 90%

b). Bentonite between about 5% - about 10%.

According to another aspect of the present invention there is provided a granule for use/in soil -
‘tréatxnent applications as a fertiliser, the granule including the following compohents, on a
w/w basis (wherein the cbmpbnent amounts totalb 100%):

a). 45-90% by weight elemental sulphur | |

b). 1-50% by weight bentonite

c). 0-15% moisture.

A granule for use in soil treatment applications as a fertiliser, the granule including the

following compoﬁents, on a w/w basis (wherein the component amounts total 100%):
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a). Controlled release elemental sulphur up to 99%
b). An oil (such as fish oil) between about 1% - about 2%.

- following components, on a w/w basis (wherein the component amounts total 100%):

a). Controlled release elemental sulphur up to 10%
b). Urea up to 90%.

A granule for use in soil treatment applications as a fertiliser, the granule including the
following components, on a wiw basis (wherein the component amounts total 100%):

a). Controlled release elemental sulphur of between 5% to 50% ’

b). Urea of between 5% to 50%.

A granule for use in soil treatment applications as a fertiliser, the granule including the
following components, on a w/w basis (wherein the component amounis total 100%):

a). 60% by weight Reactive Phosphate Rock ,

b). 10% by weight elemental sulphur; and

©). 30% by weight Triple Super Phosphate.

Having regard to the use of Reactive Phosphate Rock (RPR) in relation to a granule for use in
soil treatments as a fertiliser, at least one factor which determines the reactivity of RPR is
fineness. Practically, there is a limit to how fine RPR can be ground due to its transportation
and usability constraints. Granulatienn of fine RPR materials overcomes such practical
problems enabling a much finer RPR to be transported and applied. Accordingly, lower
grades of RPR are then able to be used which in turn provides realisable benefits in lowering
the cost of producing granules containing RPR. Previously uneconomic RPR deposits can
therefore become a more economic source through a fine grinding and granulation process.

Reactive Phosphate Rock (RPR) with pooter teactivity/c_an thus be upgraded by grinding to a

fine state.

However, it is to be noted that in order to handle or apply RPR materiéls ground as finely as
desired according to the present invention they must be granulated or mixed with water. For
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~ example when RPR is ground to 100% passing 800 micron it fluidizes when handled or when

subjected to vibration.

Along with the advantages the present invention affords in reducing dust problems associated

with fine ground sulphur, the present invention affords the same when finely ground RPR is
used. " ’

Accordingly, there is provided a granule for use in soil treatment applications as a fertiliser,

the granule including the following components, on a w/w basis (wherein the component

amounts total 100%):
Bentonite (10-30%)
RPR up to 90%

Aﬁd a granule for use in soil treatment applications as a fertiliser, the granule incl’uding the
followmg components, on a w/w basis (wherein the component amounts total 100%);
Bentonite (10-3 0%)

Sulphur, RPR (up to 90% in combination).

A granule for use in soil treatment applications substantially as described above wherein, the

granule includes 0% to 15% moisture added during the production process.

A granule for use in soil treatment apphcatlons substanﬂally as descmbed above Wherem, the

moisture content is achieved by the addition of watet.

A granule for use in soil treatment apphcatmns substantially as described above wherem, the

moisture content is achieved by the addition of an oil.

A granule for use in soil treatment applications substantially as described above wherein, the

oil is a fish or vegetable oil. The vegetable oil may be a tr*iglyceride.

- A composition wherein said sulphur has been associated with the urea serially (before or

after) or simultaneously with a nitrification inhibitor

18
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A composition wherein the sulphur has been associated with the urea serially (before or after)
and/or simultaneously with a urease inhibitor.

A particulate fertiliser Compositic'n of particulate urea and particulate elemental sulphur and
coated with a nitrification inhibitor. '

A particulate fertiliser composition of particulate urea and particulate elemental sulphur and

coated with a urease inhibitor.

A cémpositinn wherein the elemental sulphur is of a median particle size of about 0.075mm.

A composition wherein the elemental sulphur is of a median particle size of about 0.25mm.

A composition wherein the nitrification inhibitor is incorporated as fine particles or as a

‘solution.

A composition wherein the nitrification inhibitor is incorporated as fine particles on a

preferred w/w basis to the elemental sulphur (Where‘in the component amounts total 100%)

A composition wherein the urease inhibitor is incorporated as fine particles on a preferred

* wiw basis to the elemental sulphur (whetein the component amounts total 100%)

A metimd of preparing a fertiliser from particulate urea which comprises or includes mixing

such ’particulate urea (serially and/or simultaneously) with a ground elemental sulphur and

optionally including a compaﬁble nitrification and urease inhibitor.

In one embodiment of the present inventi(_in, there is provided a urea-elemental sulphur
granule of different compositions combining urea with elemental sulphur particles sized
differently to match the particle sizes required by different soils, different climatic and

temperature conditions and the different elemental sulphur release rates required.
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For example, in soils in New Zealand’s North Island sulphur particles must be less than
0.25mm (millimeters) in size to be effective. In New Zealand’s South Island soils, sulphur

particles must be less than 0.075mm (millimeters) in size to be effective

In this embodiment, the urea is agronomically valuable and acts as a binding and dispersi_ng

| agent for the fine elemental sulphur particles. The urea-sulphur granule easily disperses in

the soil and has sufficient compressive strength to ensure that the granule does not break-up -

during storage, transport and application.

This invention provides a fertiliser granule with optimum amounts of nitrogen and sulphur
which can be released in a timely fashion to the soil to achieve rapid availability for plants.
This controlled release sulphur granule provides a substantially useful alternative to existing

fertilisers in terms of particle size and sutface area.

The sulphur particles are alsb--prefErably‘ irregular in shape which provides an increased
surface-area. In one embodiment, the surface area of the sulphur particles is 1280 cm2/gram.

This increased surface area provides an advantage over existing spherical particles of sulphur

“used in existing fertiliser products. This contributes to greater reactivity in the soil and more

rapid plant availability.

Each of the main products contained in this example of the invention have agronomic value
resulting in an agronomically valuable fertiliser. The urea mixed with fine elemental sulphur

also acts as both a water dispersible binding agent and a fertiliser.

.The particle size of the elemental Sulphur is preferably optimised by fine-grinding and

classification to suit differing soil conditions and the purpose for which it is being used. The
sulphur is then intimately mixed throughout the granule and not just coated on the Surface of
the urea. Both the urea and elemental sulphur are finely ground and }iomogeneousiy mixed to
ensure intimate contact between the different particles types. This enables rapid dispersion

upon application and ensures the optimum sized sulphur particles are made available for plant

- yptake. The granules have the added benefit of alloWing a controlled release of elemental

sulphur over a period of time.

20



The urea and sized elemental sulphur ave inter-ground and/or mixed by mixing means. In the

present example; moisture is added during the production process. Whilst in this example, the
liquid/solvent is Wat?er, other liquids and/or solvents mé‘y be employed — including for
| example, oils (such as fish oil), melted wax, and so forth.
In the present example, it may be appreciated that fine elemental su‘iphﬁr is both explosive

~ and a health hazard. The granules of the present invention are dust-free. Therefore, the
: granules are able to be stored, transported and applied with little risk of hazardous sulphur
\ dust being released, The granules of this invention are substantially safer to handle, store and‘ |
10 spread when compared to sulphur-coated urea granules.
\ Further, the two key criteria for evaluating a fertiliser granule are crushing strength and water

that the urea and sulphur are :_qulc_kly mad_e aval_lable in the soil. Therefore_, prefetably the

15  granule has a crush rate in excess of other granular fertiliser products which typically have
% - crush-strengths in the range 2-6kg.

In addition, the granule form avoids the limitations of traditional mixed fertilisers wh‘iéh‘ are
in powdered or loose form. Such fertilisers are typically transported at some stage. The
20  vibrations generated during transportatwn can cause the different component nutrients to
separate out due to their varymg densities. When the fertiliser is then applied there is the
potential for uneven distribution of the components of the fertiliser and so some areas may
remain or may reSult in being more deficient in a particular component when compared to
another. | "
25 | v
Further, the present invention is designed with environmental concerns in mind. As adviseci
in the above example, coat‘in_é the granules with a nitrogen inhibitor can control *._:hé release of

urea, thereby reducing leaching of nitrate and volatilisati,on of nitrous oxide and ammoiﬁa.
30 As can be appreciated, where either or both the granule and composition includes Reactive
Phosphate Rock (RPR), the invention as desctibed above (with reference to the use only of

elemental sulphur)can be adapted accordingly.
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It will therefore be appreciated that the invention broadly consists in the parts, elements and
features described in this specification, and is deemed to include any equivalents known in the
art which, if substituted for the prescribed integers, would not materially alter the substance of

the inventiomn.

Variations to the invention may be desirable depending on the applications with which it is to
be used. Regard would of course be had to effecting the desired concentrations or volume to
volume ratios of the components of the granule, the various components of thé granules, the
dimensions of the granule, the dissolution rates, the method of application of the granules and

so forth as required to effect the desired outcome.

The present invention is differentiated from many existing products by virtue of the specific

ability to detetmine and apply ‘preferred components in preferred particulate size having

preferred surface area and distribution within the granule as required for the specific soil type,

the specific crop, the climatic conditions and so forth.

Whilst some varying embodiments of the present invention have been described above and

are to be yet exampled, it should further be appreciated different embodiments, uses, and

applications of the present invention also exist. Further embodiments of the present invention
will now be given by way of example only, to help better describe and define the present

invention. However, describing the specified embodiments should not be seen as limiting the

scope of this invention.

Brief Description of Drawings _ o
Further aspects of the present invention will become apparent from the following description,

given by way of exa_mple only and with reference to the accompanying drawings in which:

Figure 1 is an illustration of one embodiment of the granules of the present invention;

and

Figure 2 s a graphical representation of the difference in surface area between a |

controlled release sulphur particle (A) when compared with the surface area of

2



existing spherical sulphur particles (B), in accordance with one embodiment of

the present invention; and

F ig ure 2a is an illustration of controlled release sulphur particles (A), in accordance with
5 - the embodiment of the present invention of Figure 2; and

Figure 2b is an illustration of spherical sulphur particles (B), as referred to in the

B - graphical representation of Figure 2; and
10 Figures3a  is a graphical representation of the difference in availability of a controlled
& i ~ release sulphur particle (A) when compared with availability of prior art

spherical sulphur particlcs (B), in New Zealand North Island soils where
sulphur particle size must be less than 0.25mm in size to be effective; in
accordance with one embodiment of the present invention; and ‘

i , _

- Figure3b  is a graphical representation of the difference in availability of a controlled

= : :

B ; release sulphur particle (A) when compared with availability of prior art
spherical sulphur particles (B), in New Zealand South Island soils where
~sulphur particle size must be less than 0.075mm in size to be effective; in

20 _ accordance with one embodiment of the present invention; and

Figure 4 is a table comparing the differences in crush strength (load(kg) and dispersion
in water (in minutes) between existing grannlar fertiliser products and granules
produced in accordance with eth present invention.. '

25

With reférence to the present invention there is provided a granule (illustrated in one
embodiment in Figure 1) for a soil treatment system. - It should be appreciated that the granule
30 may be varyingly shaped and sized, and so forth as desired.
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The granule is adapted to include various components desirable in the conditioning or

- treatment of soils.

The granule preferably is comprised of components having specific particle size and surface
area. One embodiment of the present invention is illustrated in Figure 2 to 2b in relation to
sulphur particles. In these figures, sulphur particles (A) are provided in accordance with the
pfesent invention and demonstrate 2 greater surface area than prior art sulphur particles (B)
which have comparatively less surface area. The irregularly shaped controlled release sulphur
particles (A) have an eight fold surface area advantage over the spherical sulphur particles

B).

In other granules finely ground Reactlve Phosphate Rock (RPR) may smnlarly be

incorporated. -

The specific size of particles is tailored to the specific soil type to which the granule will be

Akajﬁplied. The particle size is tailored to provide more readily available materials into the soil

as required, Figxires 3(a) and 3(b) illustrate cohtrolled release sulphur pariicles (A), as

provided in accordance with the present invention, and demonstrate a2 greater availability in

the soil of such particles than prior art spherical sulphur particles B. Figure S(a) represents

New Zealand North Island soils which require the sulphur particles to be less than 0. 25mm in

-size to be effective. Figure B(b) represents: New Zealand South Island soils which require the
* sulphur partlcles to be less than 0.075mm in size to be effective. ' '

‘ The‘ granule may include dispersants and binders which‘ may be in addition to the main

components, or the main components may also serve as suitable binders, matrices and

| dispersants.

The granule is preferably able to -easily disperse when applied to the soil and yet have
sufficient compressive strength to ensure that the granule does not break-up during storage,

“transport and application. Figure 4 provides comparative results of dispersion and crush-

strength tests of existing granular fertlhser products and granular products produced in

accordance with the present invention,
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The granule product includes any combination of the following features:

a) Is a controlled release, long life gra‘nﬁle formulated for a specific soil-type.
b) Is comprised of compoﬁents \havin.g one or more of a preferred particle size,
preferred particle distribution, preferred particle surface area.
c) Includes component(s) directed to a specific treatment, specific soil type, specific
 climatic conditions. ; ’
d) Includes a component that facilitates dispersal of the granule in water.
¢)  Includesa corhponent that facilitates rapid release of at least one other component
from the granule. v
H Is uniform in size. , , )
g Is dust free for improved handling, spreading, transportation and safety.
h)  Is colour coded to ensure the correct formulation is applied to the particular soil
type. ‘ "
iy Isem improvemént on products prone to leaching,
D Granilles are not easily 'separated during a mix‘.:
k) Fast actihg for rapid results — such as rapid plant availability of nutrients,
) A product which is adapted to address some environmental concerns.
EXAMPLE 1

UREA — SULPHUR FERTILISER GRANULE

This invention provides a fertiliser granule with optimum amounts of nitrogen and sulphur

~ which can be released in a timely fashion to the soil to -achieve rapid plant Vévailability

Elemental sulphur is a valuable plant nutrient which is often required due to sulphur deficient

soils. Urea is an agronomically valugble source of nitrogen. The basis of this example has

‘been provided in the previous description, but further description is now included.

This embodiment of the present invention combines urea with fine elemental sulphur in

granule form. The urea acts as both a water dispersible binding agent and a fertiliser..
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In some embodiments the urea-sulphur gfamules have a composition in the range of: 50-95%
by weight of urea arid 5-50% by weight of elemental sulphur. In other preferred embodiments
the urea-sulphur granules have a composition in the range of: 20-90% by weight of urea and
10-80% by weight of elemental sulphur,

The particle size of the elemental sulphur is optimised by fine-grinding and classification to
suit differing soil conditions and the purpose for which it is being used. The surface area of
the sulphur particle is in the region of 1280cm2 per gram. This surface area is achieved by
irregular shaped sulphur particles that can provide an eight-fold surface area advantage over
;exis‘tin-kg spherical particulate sulphur products (such as Durasul™ having a surface ares of
157cm2/gram). This increase is important when comparing availability of sulphur in different
soil types. In New Zealand’s North Island soils for ‘exampla, sulphur particles must be less
than 0.25mm in size to be effective. The present invention increases the availability of
sulphur to plants from 19% using existing spherical particulate sulphur products (such as
Durasul™) to 62% using the controlled release fertiliser of the present invention. In New
Zealand’s South Island soils, sulphur particles must be less than 0.075mm in size to be
effective. | The present invenﬁon increases the vavailability of sulphur to plants from 2% using

existing spherical particulate sulphur products (such as DutasulTM) to 33% u‘éing the

~ controlled release fertiliser of the present invention.

By means of milling and classification, the 62% / 33% sulphur figures can be increased
almost 100%. ' '

The sulphur is intimately mixed throughout the granule and not just coated on the surface of
the urea. Incorporating sulphur throughout the granule, rather than only on the surface,
enables a greater total amount of sulphur to be used. Fertilisers utilising sulphur on the

surface only are limited in the total amount of sulphur which can be used.

There is also a safiety'beneﬁt of incorporating the sulphur within the granule — ‘speciﬁcally in

regard to aerial application.
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Both the urea and elemental sulphur are finely ground and homogene‘ous‘;y mixed to ensure
intimate contact between the different particles types. This enables rapid dispersicm upon
application and ensures the optimum sized sulphur particles are made available for plant
uptake. The granules have the added benefit of allowing a controlied release of elemental

sulphur over a period of time.

.The urea and sized elemental sulphur are mterground and/or mixed by means of a double-

screw auger mixer. Approximately 0% to 10% moisture is added during the production

process.
Urea-sulphur sheets are formed by means of a double-roll chilsolator applying approximately
2000kg of pressure. In relation to the present invention, typical pressures used are in the

range of 200 — 10,000 kg/em2. Other known pressing methods may be used..

The pressed sheets are then broken up by means of a rotating finger type device to prndube

Imm-6mm long granules. The uniform sized granules ensure accurate spreading.

The granules may however be made into various shapes.

Two key criteria for evaluating a fertiliser granule are crushing strength and water dispersion.
The first relates to the ability to produce a dust-free product the second ensures that the urea
and sulphur are quickly made available in the soil.

The urea-sulphur granules have a crush-strength of approximately 4-15kg. Other granular
fertiliser products typically have crush strengths in the range 2-6kg.

The compact, crush-strength nature of the granules makes them dust ffee. Fine elemental
sulphur is both explosive and a health hazard. The dust-frée»gra‘nuies of this invention are
therefore able to be storved‘ transported and applied with little risk of hazardous sulphur dust
being released. The granules of this invention are therefore safer to handle, store and spread

compared to suiphur—coated urea granules.
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The urea-sulphur granules disperse in water in approximately two minutes indicating

excellent water dispersion.

HOWév.er, the granules may be coated with a nitrogen inhibitor to control the release of urea
reducing leaching of nitrate and volatilisation of nitrous oxide and ammonia. Incorporating
sulphur throughout the granule enables the granules to be coated with nitrogen inhibitor,
reducing the surface contact between inhibitor and sulphur (minimising the unwanted

neutralising effect).

EXAMPLE2 :
SULPHUR-BENTONITE FERTILISER GRANULE -

Handling, storage and spreading of finely grb_und_ sulphur is a dangerous activity due to the
risk of fire and explosion. Accurate spreading of finely ground sulphur is also difficult.
Bentonite is an absorbent aluminium phyllosilicate clay which consists of montmorillonite,
(Na,Ca)OBB(Al,Mg)ZSMO10(01—1)2-- (H20)n. Sodium bentonite expands when wet, absorbing

several times its dry mass in water,

The objective of this invention is to provide a sulphur-bentonite granule with a tailoc-made

elemental sulphur particle distribution to specifically suit the application and soil conditions
and temiperatures. The granule will easily disperse in the soil and has sufficient compressive

strength to ensure that the granule does not break-up during storage, transport, applic‘ation.

The swelling property of bentonite makes it ideal for use in a granular sulphur fertiliser,
imparting tapid and controlled release of the carrier particles (in this case fine elemental -

sulphur) into the soil.

Conventional sulphur-coated :fertiliser granules can take up to several weeks to dispérse inthe
soil. The sulphur is usually applied externally to the granule. This method places a limit on
the amount of sulphur which can be applied and makes it difficult to control the overall

composition of the granule. Many soils require a coarse grade of sulphur. These larger

sulphur particles do not adhere easily to the granule. Sulphur-coated granules have the added
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disadvantage of producing a certain amount of hazardous fine sulphur dust during storage,
transportation and application.

Other types of sulphur granule make use of bentonite mixed into molten sulphur; Tailor-
made particle sizing of elemental sulphur is not possible with molten sulphur bentonite mixes,
In contrast, finely ground elemental sulphur can be precisely classified to produce a particle
size distribution specifically suited to soil conditions, climate conditions and the desired

release rate under those conditions.

Fine ground elemental sulphur has more reactive surface area than sprayed molten sulphur of

the same particle size.

Another means of applying sulphur involves the use of sulphatekbased fertilisers. Sulphates
are easily leached from the soil. In comparison correctly sized elemental sulphur is not easily

leached from the soil.

Due to the fact that the elemental sulphur is mixed into the granule, it is possible to include a

greater amount and to accurately control the proportion and particle size of the elemental

sulphur, The resultant product is suited to both aerial and ground spreading.

This invention ‘proxéid@s a fertiliser granule with an optimum particle size distribution of
elemental sulphur which can be released in a timely fashion to the soil to achieve both rapid
plant availability and also a controlled release. The controlled release of sulphur to the soil is

essential to provide longer term benefit.

The elemental sulphur-Bentonite granules have the following approximate composition:
45-90% by weight elemental sulphur '
1-50% by weight bentonite

0-15% moisture.

The particle size of the elemental :_suiphur' is opﬁmiéed by fine-grinding and classification to
suit differing soil types and temperatures and the purpose for which it is being used.
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The elemental sulphur is intimately mixed with the bentonite throughout the granule and not
just coated on the surface of the granule. The elemental sulphur and bentonite are finely
ground and homogeneously mixed to ensure int’imate contact between the different particles
types. ‘ '

When hydrated, the bentonite particles expand to ensure that the elemental sulphur is released

as discrete fine particles. This enables rapid dispersion upon application and ensures the

~ optimum sized siuiphur particles are made available for plant uptake. The granules have the

added benefit of allowing a controlled release of elemental sulphur over a petiod of time,

Elemental sulphur-bentonite granules are able to be used in a wider range of soil and climatic

conditions compared to straight application of sulphur.

“The elemental sulphur and bentonite are inter-ground and/or mixed by means of a double- |

serew auger mixer or other similar devices. Approximately 0-15% moisture is added during

the production process.

The addition of water assists in producing the grannle. Over time moisture is lost due to
evaporation. However, the pellet remains strong due to the bonding arising from the initial

use of water.

The sulphur-bentonite pellets are formed by ineans of a double-roll pressure pelletiser device

applying approximately 2000kg of pressure to produce granules 1-5mm long. Other known :

) pressing methods can be used. The granules may be various shapes.

Fine elemental sulphur is both explosive and 2 health hazard. The dust-free granules of this
invention are able to be stored, transported and applied without risk of hazardous sulphur dust
being released. The granules of this invention are safer to handle, store and spread compared

to other sulphur-coated fertiliser granules and other fine sulphur fertilisers.

The uniform-sized granules have better spread characteristics than a non-granulated product.

This helps ensure more accurate spreading.
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The two key criteria for evaluating a fertiliser granule are crushing strength and water
dispersion. The first relates to the ability to produce a dust-free ;Smduc:t' the second ensures
that the sulphur is tapidly made available in the soil. The elemental sulphur—bentonite
granules have a crush-strength of 0.9 - 12kg. Other :gramﬂar fertiliser products typically have
crush strengths in the range 2-4kg. The elemental sulphur-bentonite granules disperse in

water in 2—15 minutes indicating excellent water dispersion.

EXAMPLE 3 v .

REACTIVE PHOSPHATE RQCK ~ SULPHUR - TRIPLE SUPER PHOSPHATE
FERTILISER GRANULE

Reactive Phosphate Rock (RPR) is a naturally occurring phosphate-bearing mineral used in

the production of superphosphate and also as a fertiliser pfoviding a plant phosphate soutce.

Triple Super Phosphate (TSP) is & synthetic phosphorus fertiliser produced by various means.
TSP is water soluble and when applied to soil provides a ready source of plant-available
phosphate. Granular TSP (GTSP) is a highly-concentrated, water-soluble and efficient
phosphate fe:tiliser. o

‘Elemental sulphur is a valuable plant nutrient often required due to the sulphur deficient soils

found in New Zealand. RPR, TSP and elemental sulphur have traditionally been used in

various forms and in combination with other fertiliser products.

The. objective of this invention is to provide a RPR-sulphur-TSP granule of varying
compcjsition with tailor-made elemental sulphur and RPR particle distributions to suit various
applications, soil and temperature conditions. The gfa,nule can make use of TSP as the sole

binder / dispersant. If faster dispersion is required, the granule can contain small amounts of

other dispersants and binders such as bentonite and lignosulphonate, or any other suitable
binder or dispersant. These granules are able to easily disperse in the soil and have sufficient
compressive strength to ensure that the granules do not break-up during storage, transport and

application. -
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As previously explained, conventional sulphut-coated fertiliser granules can take up to several
weeks to disperse in the soil. The sulphur is often applied externally to the granule. This
method places a limit on the amount of sulphur which can be applied and makes it difficult to -

 control the overall composition of the granule.

Many soils require a coarse grade of sulphur. These larger sulphur particles are difficult to
adhere to the granule. Sulphur-coated granules have the added disadvantage of producing a

certain amount of hazardous fine sulphur dust during storage, transportation and application.

Due to the fact that the elemental sulphur is mixed into this new granule, it is possible to
include a higher proportion and to accurately control the proportion and particle size of the

elemental sulphur. The resultant product is suited to both aerial and ground spreading.

Handling, storage and spreading of products able to release finely ground sulphur are
dangerous activities due to the risk of fire and explosion. Accurate spreading of finely ground

sulphur and reactive phosphate rock is difficult due to the drifting of fine particles.
This invention provides a fertiliser granule with optimum amounts of phosphate (RPR/TSP)
and elemental sulphur which can be released in a timely fashion to the soil to achieve rapid

plant availability. .

Each of the main components contained in this invention has agronomic value resulting in an_

agronomically valuable fertiliser. This enables a reduction in handling and transport costs.

RPR / TSP granules may demonstrate better spread characteristics than a non-granulated RPR

- product, This will potentially provide a wider range of suitability for use by farm :spre‘adéfs..

" RPR/ TSP granules can also include sulphur. The use of TSP enables the higher ratio of

sulphur required for aerial spreading to be incorporated safely into the granules.

‘When a normal mix of ground RPR, granulated triple super and fine ground sulphur is used

the following major problems arise:
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a) Bulk mixing of the individual components on a large-scale is difficult to achieve.

b) It is difficult to prevent the different cdmponents of the mix segregating i.e. round
granular TSP, coarse ground RPR and the fine ground sulphur all tend to
segregate, especially during transport. ‘

TSP mixed with both fine elemental sulphur and RPR acts as a water-dispersible binding

agent and a fertiliser in its own right. TSP has not previously been used as a valuable water-

dispersible binder in fertilisers.

RPR is not as readily water-soluble as TSP, but when ground and classified to a desired
particle size distribution provides an excellent controlled-release phosphate source. Used in
combination, RPR and TSP provide an excellent source of both fast-actmg and controlled-

release phosphate. '

The product derived as a result of the present invention can be used as a capital phosphate

fertiliser whereas RPR alone cannot;

It is likely that some beneficial acidulation of the RPR surfaces takes place within the granule.
As moisture comes into contact with fine ground sulphur, sulphurous acid is formed, which
then reacts with the RPR. The fact that these granules are formed under pressure will enhance
this acidulation. The acidity of the TSP will also likely assist in paftially acidulating the RPR.
In addition an important factor which determines the reactivity of RPR is fineness of particle
size. There is 2 limit on how fine RPR can be ground because of transportation and usability
constraints. As previously discussed, granulation 'of fine RPR materials overcomes these:
practical problems enabling a much finer RPR to be transported and applied. In turn this
enables lower grades of RPR to then be used, lowering the cost of the producing granules |
containing RPR. On commercial benefit is the availability for use of preVioﬁsly uneconomic | |

RPR deposits through a fine grinding and granulation process. RPR with poorer reactxvxty N

can be upgraded by gmndmg to a fine state.
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To improve handling or application of materials so finely ground they must befgranulated or
mixed with water. For example when RPR is ground to 100% passing 800 micron it fluidizes

when handled or subject to vibration.

Granulation of the product provides an advantage in reducing dust problems associated with
finely ground RPR. |

Granular TSP is more expensive than powdered TSP. The difference in price could well pay

for the granulation process used in this invention.

TSP on application imparts acidity to the soil. In some cases this is not desirable. The

advantage of RPR is that it contains calcium giving alkaline properties in the soil.

The RPR-sulphur-TSP granulés the following approximate composition: |
60% by weight of RPR,
10% by weight elemental sulphur; and

' 30% by weight of TSP.

These ratios may be varied according to soil, temperature and rate of desired release of each

constituent.
The particle size of the elemental sulphur and RPR is optimised by fine-grinding and
classification to suit differing soil types and temperatures and the purpose for which it is

being used.

The elemental sulphur is intimately mixed throughout the granule and not just coated on the

_surface of the granule or a‘dded as separate ground components to the mix. The RPR, TSP

and elemental sulphur are finely ground and homogeneously mixed to ensure intimate contact
between different particles types. The TSP ensures that the elemental sulphur and RPR are
released as discrete particles. This enables rapid dispersion upon application and ensures the

optimum sized sulphur and RPR particles are made a.vailable for plant uptake.
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The granuleé have the added benefit of allowing a cbntrolled release of elemental sulphur and
phosphate (from RPR) over a period of time. RPR-sulphur-TSP granules are able to be used

in a wider range of soil and climatic conditions compared to straight RPR. -

The RPR, TSP and elemental sulphur are inter-ground and/or mixed by means of a double-
screw auger mixer or other mixing methods. Approximately 0 to 15% moisture is added

during the production process.

RPR—squhur—TSP sheets are formed by means of a double-roll chinsolator applying
approxixnaiely 2000kg of pressure. The pressed sheets are then broken up by means of a
rotating finger type device to produce 0.2-8mm ‘lo‘n’g granules. Other known pressing
methods can be used. The granules may be various shapes.

Fine éiemental sulphur is both explosive and a health hazard. The dust-free granules of this
invention are able to be stored, transported and applied without risk of hazardous sulphur dust
being released. The granules of this invention are safer to handle, store and spread compared
to other sulphur-coated fertiliser granules or mixes coﬁtaining free sulphur particles. The

granules are safer to store, mix, transport and spread than RPR mixed with fine sulphur.

The uniform-sized granules have better spread characteristics than a non-granulated product.

This helps ensure more accurate spreading.
The two key criteria for evaluating a fertiliser granule are crushing strength and water
dispersion. The first relates to the ability to produce a dust-free product the second ensures

that the phosphate and sulphur are quickly made available in the soil.

The RPR-sulphur-TSP granules have a crush-strength of approximately 4 kg. Other granular
fertiliser products typically have crush strengths in the range 2-4kg.

The RPR-sulphur-TSP granules disperse 'in water in approximately 48 iho}ur(s‘, thus 'ihdicating
good water dispersion. ' ‘ |
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EXAMPLE 4 ) ,
TRIPLE SUPER PHOSPHATE - REACTIVE PHOSPHATE ROCK — BENTONITE
FERTILISER GRANULE

A further two granulated product exaniples may also include bentonite, TSP an RPR. Triple
Super Phosphate (TSP) is a synthetic phosphorus fertiliser produced by various means. TSP
is water soluble and when applied to soil provides a ready source of plant-available
phosphate, Granular TSP (GTSP) is a highly-concentrated, water-soluble and efficient
phosphate fertiliser. Reactive Phosphate Rock (RPR) is a naturally oceurring pﬁosphate-
bearing mineral used in the production of superphosphate and also as a fertiliser providing a
plant phosphate source. Bentonite is an absorbent aluminium phyllosilicate _cl_ay which
consists of montmorillonite (Na,Ca)o33(ALMg);8i4010(0OH)»(H20).. .~ Sodium bentonite

expands when wet, absorbing several times its dry mass in water.

RPR and TSP have traditionally been used in various forms and in combination with other

fertiliser products.

Providing a TSP-RPR-bentonite granule of varying composition with tailor-made RPR and
TSP particle distributions can be adapted to suit various applications, soil and temperature
conditions. The granule makes use of TSP and bentonite as binder/ dispersant. If more rapid
dispersion is required, the granule can contain small amounts of other dispersants and binders
such as lignasulphonaté. These granules are able to easil}; disperse in the soil and have
sufficient cdmpressiVe strength to ensure thai: the granules do not break-up during storage,

transport and application.
The swelling property of bentonite makes it ideal for use in a granular TSP-RPR fertiliser,
imparting rapid and controlled release of the carrier particles (in this case fine RPR) into the
soil.

Accurate spreading of finely ground reactive phosphate rock is difficult due to the drifting of

fine particles,

.36



G S0
LR ety

£

Ay G A e e A
AR R A A

BN
T
O
fo]
WY
o
B
™
™R
8 10
R
&
™
ey
N
-
LSS
20

This invention provides a fertiliser granule with optimum amounts of phosphate (RPR / TSP)
and which can be released in a timely fashion to the soil to achieve rapid plant availability and

also controlled release for longer term benefit.

Each of the main products contained in this invention has agronomic value resulting in an

agronomically valuable fertiliser. This enables a reduction in handling and transport costs.

- When a normal mix of ground RPR and fine ground TSP is used the following major

problems arise. Bulk mixing of the individual components on a large-scale is difficult to
achieve, It is difficult to prevent the different components of the mix segregatmg i.e. coarse

ground RPR and the TSP tend to segregate, especially during transport

RPR when ground and classified to a desired particle size distribution provides an excellent

controlled-release phosphate source.

TSP mixed with RPR acts as a water-dispersible binding agent and a fertiliser in its own right.
TSP has not previously been used as an agronomically valuable water-dispersible binder in

fertilisers,

RPR is not as readily water-soluble as TSP, but when ground and classified to a desiredk
patticle size distribution provides ‘an excellent controlled-release phosphate source. Used in
combination, RPR and TSP prowde an cxcellent soutce of both fast-astmg and controlled-
release phosphate

A further advantage of RPR is that it contains calcium giving alkaline prepérties in the soil.

This product can be used as a capital Phosphate fertiliser whereas RPR alone can not. The

acidity of the TSP will likely assist in partially acidulating the RPR.

- Granular TSP is more expensive than powdered TSP. The difference in price could well pay

for the:granulation process used in this invention. TSP on application imparts acidity to the

soil. In some cases this is not desirable. The advantage of RPR is that it confains caleium

giving alkaline properties in the soil. -
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TSP-RPR--bentonite granules may be produced having the following approximate
composition:

30% by weight TSP,

68% by weight RPR and

2% by weight bentonite.

These ratios may be varied according to soil, temperature and rate of desired release of each

constituent.

TSP and RPR are intimately mixed with the bentonite throughout the granule and not just
coated on the surface of thé granule. ‘Thé: TSP, RPR and bentonite are finely ground and
homogeneously mixed to ensure intimate contact between the different particles types. When
hydrated, the bentonite particles expénd to ensure that the RPR is released as discrete fine
patticles. This enables i:apid disjaers’inn upon application and ensures the optimum sized

particles are made available for plant uptake. The granules have the added benefit of allowing

a controlled release of RPR over a period of time, TSP-RPR-bentonite granules are able to be

used in a wider range of soil and climatic conditions compared to straight application of
sulphur or RPR. -

The TSP, RPR and bentonite are interground and/or mixed by means of a double-screw augér
mixer or other mixing methods‘; Approximately 0 to 15% moisture is added during the
production process. The addition of water assists in producing the granule, Over time .
moisture is lost due to evaporation. However, the pellet remains strong due to the bonding

arising from the initial use of water.

‘The TSP-RPR-bentonite pellets are formed by means of a double-roll pressure pelletiser

device applying approximately 2000kg of pressure to prod.uée granules 1-5mm long. Other
known pressing methods can be used. The granules may be various shapes.

The uniform-sized granules have better spread characteristics than a non-granulated product.

This helps ensure more accurate spreading.
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The two key criteria for evaluating a fertiliser granule are crushing strength and water
dispersibility. The first relates to the ability to produce a dust-free product the second ensures
that the phosphate and sulphur are quickly made available in the soil,

The TSP-RPR-bentonite granules have a crush-strength of approximately 2kg. Other granular
fertiliser products typically have crush strengths in the range 2-4kg.
The RPR-sulphur-bentonite granules disperse in water in approximately 105 minutes

indicating guod water dispersibility.

wa, additional product compositions/granules may include:

‘Bentonite (10-30%) & RPR

Sulphur, RPR & Bentonite (10-30%)

EXAMPLE 5
LIME

Lime is another granule component of importance in the present invention.

Lime is able to be incorporated in the grénule and also is milled and classified to size to suit

local conditions. An added benefit is that the lime helps to neutralize sulphur acidity,

A lime / sulphur / urea granuie can be produced over a wide range of compositions to suit a

particular requirement.

A lime-urea-sulphur granule may have a composition in the range of:
2-80% by weight of lime, ‘

10-80% by weight of sulphur and

20-90% by Weight of urea.

EXAMPIE 6
DISPERSION

The ability of the granﬁles of the present invention to degrade in a solvent is generally

measuted via a water dispersion test. In soils, the predominant means by which th‘é granules
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“will degrade will be via water — whether naturally or artificially applied to the soils/ground.

In relation to the present invention, the test includes the following method.

Water Dispersion Test

Ten grams of the granule material is placed into 100millilitres of water at room temperature —
in a closed glass container, The container is then inverted. The container is further inverted
at one minute intervals. The time taken until the granule dispenses is observed. As samples
size range between Imm and 5 mmy field trials will determihe dispersion of all sample types

in vivo.

Dispersioh time ‘ ‘
The dispersion time of the granule in laboratory tests gives a direct indication of the field
dispersion of the granule and hence plant availability of the fertiliser components. The results

below show that as the pressure at which the granules are formed increases (from 500 to

"2000kg) so does the rate at which the granule disperses in water. By controlling the pressure

at which granules are formed we are able to produce a granule with the desired dispersion

characteristics,

Dispersion (min)

Granule Composition . 1299kg/m’** 5196 kg/m” **
Urea (100%) ~ . Smin 8rmin

Urea (80%), Sulphur (20%) 7 min 10min

Urea (70%), Sulphur (30%)  9min 20min

Urea (60%), Sulphur (40%) - 15 min 177 min -
Urea (50%), Sulphur (50%) . 116min 1380 min

** Pressure at which granules were formed

Granule dispersion rates can be controlled by:
a) The amount of pressure used to produce the granule (see above).
b) The granule composition ~ specifically the amount of urea. The greater the

amount of urea the more rapid the dispersion.
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Dispersion rates vary from 2 minutes to hours to days, depending on the above parameters:

An economic need exists for the sulphur-urea granules The pnce of phosphale has continued
to increase, demonstrating a trebling in price in the 18 months from April 2007. The use of
the granules of the present invention in many locations offers a potentially mote cost effective

optioﬁ for increased plant production than conventional phosphate usage.

In comparison to urea granules outlined in this specification, prior art urea prills are:
a) Smaller

b) Contain dust

¢)  Have less strength

However, the present invention process can use the cheaper urea prills and enlarge their size

and strength via the invention’s granulation process.

EXAMPLE 7

CRUSH STRENGTH |
Crush strength gives an indication of the strength characteristics of fertiliser granules.
Granule strength is plays and important role in the storage, transportation and application of

granular fertilisers.

A range of fertiliser products are available on the market. Comparative crush strength tests

* undertaken on some priof art products provide comparative standards. Figure 4 provides the

results of the initial trials. The data indicates the granules of the present invention
demonétrate faster dispersion and have a greater crush strength when compared with the prior
art products tested. Further testing will be undertaken on a range of granulee of dlffenng size

and composition. compared with prior art products.

The results of the same information provided above under the heading of “dispersion rates”
show that as the pressure at which the granules are formed increases (from 500 to 2000kg) so
does the crush strength of the granules (for various granule compositions). By controlling the

pressure at which granules are formed it is possible to produce a granule iw;ith the desired

* strength characteristics.
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When referring to the description of the present invention, it should also be understood that

" the term “comprise” where used herein is not to be considered to be used in a limiting sense.

Accordingly, ‘comprise’ does not represent nor define an exclusive set of i 1tems, but includes
the possibility of other components and items being added to the list.

This specification is also based on the understanding of the inventor regarding the prior art.
The prior art description should not be regarded as beixig an authoritative disclosure of the
true state of the prior art but rather as referring to considerations in and brought to the mind

and attention of the inventor when developing this invention.
Aspects of the present invention have been described by way of example only and it should

be appreciated that modifications and additions may be made thereto without departing from

the scope thereof, as defined in the appended claims.
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5 THE CLAIMS DEFINING THE INVENTION ARE:

I, A soil treatment composition in granular form as a fertiliser for application on to or
into soil, said seil treatment composition including at least one active soil treatment
component, said dctive soil treatment component including particulate elemental

10 sulphur, said particulate elemental sulphur being finely ground to particles having a
reactive surface area in the granule in the region of 1280cm?2 per gram.
\ 2. A sotl treatment composition as claimed in Claim 1 wherein said particulate
\ clemental sulphur is finely ground to particles having a median size within a range
15 between 0.073millimetres and less than 0.25millimetres.
3. A soil treatment composition gs claimed in Claim 2 whetein said particulate
: elemental sulphur is finely ground to particles having a median size of less than
0.075millimetres.
\\\ 4. A soil treatment composition as claimed in Claim 2 or Claim 3 wherein the finely
\ ground particles are irregularly shaped.
5. A soil treatment composition as claimed in Claim 2 or Claim 3 wherein the
25 composition includes said finely ground particulate elemental sulphur component
comprising up to 99% on a weight to weight basis (wherein the component amounts
of the composition total 100%).
6. A soil treatment composition as claimed in Claim 5 wherein said composition also
30 includes up to 15% added solvent.

7. A soil treatment composition as claimed in Claim 6 wherein the solvent includes at

least one of water, an oil, a wax.

35 8. A soil treatment composition as claimed in Claim 7 wherein the composition

components comprise said solvent and finely ground particulate elemental sulphur
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5 on a weight to weight basis (wherein the component amounts of the composition
total 100%) of:
a) Upto 99% by weight of finely ground particulate elemental sulphur,

b)  1-2% by weight of solvent, wherein said solvent is oil.

10 9. A soil treatment composition as claimed in Claim 8 wherein the oil includes at least

one of a vegetable oil, a fish oil.

10. A soil treatment composition as claimed in Claim 9 wherein, in addition to the

finely ground particulate elemental sulphur and the solvent, the composition

15 includes at least one other component, on a weight to weight basis (wherein the
composition amounts totals 100%), from a list including:
a)  Bentonite;
by  Lime:
¢)  Potash
20 d) A binding agent;
\\ ¢) A dispersing agent.
1. A soil treatment composition as claimed in Claim 10 wherein said bentonite
component comprises up to 50% on a weight to weight basis (wherein the
25 component amounts of the composition total 100%).

12. A soil treatment composition as claimed in Claim 11 wherein the components
comprise finely ground particulate elemental sulphur, a solvent and bentonite on a
weight to weight basis (wherein the component amounts of the composition total

30 100%) of:
a)  45-90% by weight of finely ground particulate elemental sulphur,
b)  1-50% by weight of bentonite; and

¢)  0-15% by weight of solvent.

35 13, A soil treatment composition as claimed in any one of the preceding claims wherein

said finely ground particulate elemental sulphur component is intermixed with any
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5 one or more of the other components prior to preparation of the granular form, such

that the particle sizes of the said components vary within the granule.

14, A soil treatment composition as claiméd in any ong of the preceding claims wherein
said particulate elemental sulphur component is finely inter-ground with any one or
10 more of the other components prior to preparation of the granular form. such that

the particle sizes of the said components is uniform within the granule.

15. A soil treatment composition as claimed in Claim 13 or Claim 14 wherein said
particuldte elemental sulphur component is finely inter-ground with any one or
S 15 more of the other components in dried form prior addition of the solvent and prior

BN to preparation of the granular form.

16. A soil treatment composition as claimed in Claim 13 or Claim 14 wherein said

particulate elemental sulphur component is finely inter-ground with any one or

20 more of the other cornponents in solvent dampetied form prior to preparation of the
5 granular form.

17. A soil treatment composition as claimed in Claim 15 or Claim 16 wherein a coating

is applied to the granular form to effect release of the components from the granular

b
(&4

form over a period of time in a preferred profile after introduction of the granular

form o to or into the soil.

18. A soil treatment composition as claimed. in Claim 17 wherein said coating applied

to the granular form optionally includes lime.

19. A method of manufacturing a soil treatment composition in granular form as a
fertiliser for application on to or into soil, said soil treatment composition including
at least one active soil treatment component, said active soil treatment component
including particulate elemental sulphur, said particulate elemental sulphur being

finely ground to particles having a reactive surface area of the elemental sulphur

(S5}
LA

particles in the granule in the region of 1280cm2 per gram; said method including

the steps of’
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5 a) Grinding a predetermined quantity of elemental sulphur to effect particles
having a median size within a range between 0.075millimetres and less than
0.25millimetres; and said finely ground particulate elemental sulphur
component comprising up to 99% on a weight to weight basis (wherein the

component amounts of the composition total 100%),

10 b)  Including upto 15% added solvent,
% ¢)  Sclecting a predetermined quantity of other component(s) required for the soil
treatment composition,
\ d)  Mixing said components together; and
e)  Applying pressure to a quantity of said component-solvent mixture to effect
15 composition in granular form.
\ 20. A method of manufacturing a soil treatment composition in granular form as a
fertiliser for application on to or into soil, said soil treatment composition including
at least one active soil treatment component, said active soil treatment component
\\ 20 including particulate elemental sulphur, said particulate elemental sulphur being
\ finely ground to particles having a reactive surface area of the elemental sulphur
particles in the granule in the region of 1280cm2 per gram; said method including
the steps of:
a)  Selecting a predetermined quantity of the elemental sulphur, said elemental
25 sulphur component comprising up to 99% on a weight to wetght basis
(wherein the component amounts of the composition total 100%),
by  Including up to 15% added solvent,
¢) Mixing the elemental sulphur with a predetermined quantity of other
component(s) required,
30 d)  Said components being finely inter-ground together to effect particles of

clemental sulphur and other included components having a median size
within a range between 0.075millimetres and less than 0.25millimetres; and
e)  Applying pressure to a quantity of said component-solvent mixture to form

granules of the composition.
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5 21. A method of manufacturing a soil treatment composition in granular form as a
fertiliser for application on to or into soil, said soil treatment composition including
at least one active soil treatment componént, said active soil treatment component
including particulate elemental sulphur, said particulate elemental sulphur being
finely ground to particles having a reactive surface arca of the elemental sulphur

10 particles in the granule in the region of 1280cm?2 per gram; said method including
the steps of:

a) Grinding a predetermined quantity of elemental sulphur to effect particles
having a median size of less than 0.075millimetres; and said finely ground

particulate elemental sulphur component comprising up to 99% on a weight

»—‘
h

to weight basis (wherein the component amounts of the composition total
100%),

b) Including up to 15% added solvent,

¢)  Selecting a predetermined quantity of other component(s) required for the soil

treatment compaosition,

20 d)  Mixing said components together; and
X ¢) Applying pressure to a quantity of said component-solvent mixture to effect

composition in granular form.

22. A method of manufacturing a soil treatment composition in granular form as a
25 fertiliser for application on to or into soil, said soil treatment composition including
at least one active soil treatment component, said active soil treatment component
including particulate elemental sulphur, said particulate elemental sulphur being
finely ground to particles having a reactive surface area of the elemental sulphur
particles in the granule in the region of 1280cm2 per gram; said method including
30 the steps of:

a)  Sclecting a predetermined quantity of the clemental sulphur said elemental
sulphur component comprising up to 99% on a weight to weight basis

{(wherein the component amounts of the composition total 100%),

by  Including up to 15% added solvent,
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5 ¢) Mixing the elemental sulphur with a predetermined quantity of other
component(s) required,

d)  Said components being finely inter-ground together to effect particles of
elemental sulphur and other included components having a median size of
less than 0.075millimetres: and

10 e)  Applying pressure to a quantity of said component-solvent mixture to form

granules of the compeosition.

23. A method of manufacturing a soil treatment composition in granular form as

claimed in any one of Claims 19 to 22 wherein in addition to the finely ground
15 particulate elemental sulphur and solvent, the composition also includes at least one
\ other component, on a weight to weight basis (wherein the composition amounts
\: totals 100%), from a list including:

\ a)  Beritonite;

. 20 ¢) A binding agent;

i d) A dispersing agent.

24 A method of manufacturing a soil treatment composition in granular form as
Claimed in Claim 23 wherein the solvent includes at least one of water, an oil; a

25 wax.

25. A method of manufacturing a soil treatment composition in granular form as

claimed in Claim 24 wherein the oil includes at least one of a vegetable oil. a fish

oil.
30
26. A method of manufacturing a soil treatment composition in granular form as
claimed in Claim 25 wherein said ground elemental sulphur particles are irregularly
shaped to effect a reactive surface arca of the elemental sulphur particles in the
granule of up to 1280cm2 per gram.
35
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27 A method of manufacturing a soil treatment composition in granular form as
claimed in Claim 26 wherein said particulate elemental sulphur component is finely
inter-ground with any one or moré of the othér components in dried form prior

addition of the solvent and prior to preparation of the granular form.

10 28 A method of manufacturing a soil treatment composition in granular form as

inter-ground with any one or more of the other components in solvent dampened

form prior to preparation of the granular form.

15 29. A soil treatment composition in granular form as a fertiliser said treatment
& composition including finely ground particulate clemental sulphur being finely
ground to particles having a reactive surface area of the elemental sulphur particles
in the granule in the region of 1280c¢m2 per gram as described herein with reference

to the included examples and attached figures relating to same.

20
% 30. A method of manufacturing a soil treatment composition in granular form as a
e fertiliser said treatment composition including finely ground particulate elemental
sulphur being fincly ground to particles having a reactive surface area of the
elemental sulphur particles in the granule in the region of 1280cm2 per gram as
25 described herein with reference to the included examples and attached figures
relating to same.
ROBERT HAMILTON HALL
By his attorneys
30
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,Fi’gure 4

Table 1: Comparison of Crush-Strength and Dispersion Rates Between existing
Granular Fertilizer and Granular Fertiliser of the Present Invention

o o Toad (kg) | Dispersion {min)
| Ballance Superten [5mm round) 2.7,3.25, 4.1 928
W ‘ | Ballance Triplesuper (3mm round} 141,42 58

- ’ New Products
& . ‘ ) , | Load (kg) Dispersion
b o : ) {min)

.| Urea 90%, Sulphur 10% ] 149 |- 8

 load (kg) Dispersion
L . 1 - (min)

80% RPR, 10% Sulphur, 10% 52 | 2
Bentonite : ‘

G H s O
S Eonis

. | .. Load (kg)
Sulphur 90%, Bentonite 10% 0.95,.3.25,4.1,89,
. : 12kgs strength increases
__over 24 hours

load (kg} | Dispersion
: , — R 1 (min)
| Triple super 30%, RPR 68% - 113 2

{ Bentonite 2% .; _,

Load (kg) Dispersion
(min)

| Irip¥e~ super 30%, RPR 55%, Sulphur |-R4-
10%, Bentonite 2% -5% v
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5 THE CLAIMS DEFINING THE INVENTION ARE:

1, A soil treatment composition in granular form as a fertiliser for application on to or

04 Sep 2012

into soil, said soil treatment composition including at least one active soil treatment
component, said active soil treatment component including particulate elemental
10 sulphur, said particulate elemental sulphur being finely ground to particles having a

reactive surface area in the granule in the region of 1280cm2 per gram.

2. A soil treatment composition as claimed in Claim 1 wherein said particulate

elemental sulphur is finely ground to particles having a median size within a range

2008312121

15 between 0.075millimetres and less than 0.25millimetres.

3. A soil treatment composition as claimed in Claim 2 wherejn said particulate
elemental sulphur is finely ground to particles having a median size of less than

0.075millimetres.
20
4. A soil treatment composition as claimed in Claim 2 or Claim 3 wherein the finely

ground particles are irregularly shaped.

5. A soil treatment composition as claimed in Claim 2 or Claim 3 wherein the
25 composition includes said finely ground particulate elemental sulphur component
comprising up to 99% on a weight to weight basis (wherein the component amounts

of the composition total 100%).

6. A soil treatment composition as claimed in Claim 5 wherein said composition also

30 includes up to 15% added solvent.

7. A soil treatment composition as claimed in Claim 6 wherein the solvent includes at

least one of water, an oil, a wax.

35 8. A soil treatment composition as claimed in Claim 7 wherein the composition

components comprise said solvent and finely ground particulate elemental sulphur

42
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078562596

on a weighi to weight basis (wherein the component amounts of the composition

total 100%) of:
a)  Up to 99% by weight of finely ground particulate elemental sulphur,

04 Sep 2012

b)  1-2% by weight of solvent, wherein said solvent is oil.

10 9. A soil treatment composition as claimed in Claim 8 wherein the oil includes at least

one of a vegetable oil, a fish oil.

10. A soil treatment composition as claimed in Claim 9 wherein, in addition to the

finely ground particulate elemental sulphur and the solvent, the composition

2008312121

15 includes at least one other component, on a weight to weight basis (wherein the
composition amounts totals 100%), from a list including:

a)  DBentonite;

b) Lime;
c) Potash
20 d) A binding agent;

¢) A dispersing agent.

I1. A soil treatment composition as claimed in Claim 10 wherein said bentonite
component comprises up to 50% on a weight to weight basis (wherein the

25 component amounts of the composition total 100%).

12. A soil treatment composition as claimed in Claim 11 wherein the components
comprise finely ground particulate elemental sulphur, a solvent and bentonite on a
. weight to weight basis (wherein the component amounts of the composition total
30 100%) of: , |
a)  45-90% by weight of finely ground particulate elemental sulphur,
b)  1-50% by weight of bentonite; and
c)  0-15% by weight of solvent.

35 13. A soil treatment composition as claimed in any one of the preceding claims wherein

said finely ground particulate elemental sulpbur component is intermixed with any

43
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15.

16.

17.

18.

19.

078562596

one or more of the other components prior to preparation of the granular form, such

that the particle sizes of the said components vary within the granule.

A sojl treatment composition as claimed in any one of the preceding claims wherein
said particulate elemental sulphur component is finely inter-ground with any one or
more of the other components prior to preparation of the granular form, such that

the particle sizes of the said components is uniform within the granule.

A soil treatment composition as claimed in Claim 13 or Claim 14 wherein said
particulate elemental sulphur component is finely inter-ground with any one or
more of the other components in dried form prior addition of the solvent and prior

to preparation of the granular form.

A soil treatment composition as claimed in Claim 13 or Claim 14 wherein said
particulate elemental sulphur component is finely inter-ground with any one or
more of the othex components in solvent dampened form prior to preparation of the

granular form.

A soil treatment composition as claimed in Claim 15 or Claim 16 wherein a coating
is applied to the granular form to effect release of the components from the granular
form over a period of time in a preferred profile after introduction of the granular

form on to or into the soil.

A soil treatment composition as claimed in Claim 17 wherein said coating applied

to the grapular form optionally includes lime.

A method of manufacturing a soil treatment composition in. granular form as a

 fertiliser for application on to or into soil, said soil treatment composition including

at Jeast one active soil treatment component, said active soil treatinent component
mcluding particulate elemental sulphur, said particulate elemental sulpbur being
finely ground to particles having a reactive surface area of the elemental sulphur
patticles in the granule in the region of 1280cm2 per gram; said method including
the steps of:

44
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Grinding a predetermined quantity of elemental sulphur to effect particles
having a median size within a range between 0.075millimetres and less than
0.25millimetres; and said finely ground particulate elemental sulphur
component comprising up to 99% on a weight to weight basis (wherein the
component amounts of the composition total 100%),

Including up to 15% added solvent,

Selecting a predetenmined quantity of other component(s) required for the soil
treatment composition,

Mixing said components together; and

Applying pressure to a quantity of said component-solvent mixture to effect

composition in granular form.

20. A method of manufacturing a soil treatment composition in granular form as a

fertiliser for application on to or into soil, said soil treatment composition including

at least one active soil treatment component, said active soil treatment component

20 including particulate elemental sulphur, said particulate elemental sulphur being

finely ground to particles having a reactive surface area of the elemental sulphur

particles in the granule in the region of 1280cm2 per gram; said method including

the steps of:
a)  Selecting a predetermined quantity of the elemental sulphur, said elemental
25 sulphur component comprising up to 99% on a weight to weight basis
(wherein the component amounts of the composition total 100%),
b) Including up to 15% added solvent,
c) Mixing the elemental sulpbur with a predetermined quantity of other
component(s) required, v
30 d) Sajd components being finely inter-ground together to effect particles of
elemental sulphur and other included components having a median size
within a range between 0.075millimetres and less than 0.25millimetres; and
¢)  Applying pressure to a quantity of said component-solvent mixture to form

granules of the composition.

45
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5 21. A method of manufacturing a soil treatment composition in granular form as a
fertiliser for application on to or into soil, said soil treatment composition including

at Jeast one active soil treatment component, said active sojl treatment component

04 Sep 2012

including particulate elemental sulphur, said particulate elemental sulphur being

finely ground to particles baving a reactive surface area of the elemental sulphur
10 particles in the granule in the region of 1280cm?2 per gram; said method including

the steps of: ‘ '

a)  Grinding a predétermined quantity of elemental sulphur to effect particles

having a median size of less than 0.075millimetres; and said finely ground

2008312121

patticulate elemental sulphur component comprising up to 99% on a weight
15 to weight basis (wherein the component amounts of the composition total
100%), |
b)  Including up to 15% added solvent,
¢)  Selecting a predetermined quantity of other component(s) xequired for the soil
treatment composition, ’
20 d)  Mixing said components together; and
€)  Applying pressure to a quantity of said component-solvent mixture to effect

composition in granular form.

22. A method of manufacturing a soil treatment composition in granular form as a
25 fertiliser for application on to or into soil, said soil treatment composition including
at least one active soil treatment component, said active soil treatment component
including particulate elemental sulphur, said particulate elemental sulphur being
finely ground to particles having a reactive surface arca of the elemcntal sulphur
particles in the granule in the region of 1280cm2 per gram; said method including
30 the steps of: |
a)  Selecting a predetermined guantity of the elemental sulphur said elemental
sulphur component comprising up to 99% on a weight to weight basis
(Wherein the component amounts of the composition total 100%),
b)  Including up to 15% added solvent,

46
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¢) Mixing the elemenial sulphur with a predetermined quantity of other
component(s) required, '

d) Said components being finely inter-ground together to effect particles of
elemental sulphur and other included components having a median size of
less than 0.075millimetres; and

¢)  Applying pressure to a quantity of said component-solvent mixture to form

granules of the composition.

A method of manufacturing a soil treatment composition in granular form as
claimed in any one of Claims 19 to 22 wherein in addition to the finely ground
particulate elemental sulphur and solvent, the composition also includes at least one
other component, on a weight to weight basis (whetein the composition amounts
totals 100%), from a list including:

a) Bentonite;

b)  Lime;

¢) A binding agent;

d) A dispersing agent.

A method of manufacturing a soil treatment composition in granular form as
Claimed in Claim 23 wherein the solvent includes at least one of water, an oil, a

wax.

A method of manufacturing a soil treatment composition in granular form as
claimed in Claim 24 wherein the oil includes at least one of a vegetable oil, a fish

oil.

A method of manufacturing a soil treatment composition in granular form as
claimed in Claim 25 wherein said ground elemental sulphur particles are irregularly
shaped to effect a reactive surface area of the elemental sulphur particles in the

granule of up to 1280cm?2 per gram.
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A method of manufacturing a soil treatment composition in granular form as
claimed in Clajm 26 wherein said particulate elemental sulphur component is finely
inter-ground with any one or more of the other components in dried form prior

addition of the solvent and prior to preparation of the granular form.

A method of manufacturing a soil treatment composition in granular form as
claimed jn Claim 26 wherein said particulate elemental sulphur component is finely
inter-ground with any one or more of the other components in solvent dampened

form prior to preparation of the granular form.

A soil treatment composition in granular form as a fertiliser said treatment
composition including finely ground particulate elemental sulphur being finely
ground to particles having a reactive surface area of the elememal sulphur particles
in the granule in the region of 1280¢m2 per gram as described herein With reference

to the included examples and attached figures relating to same.

A method of manufacturing a soil treatment composition in granular form as a
fertiliser said treatment composition including finely ground particulate elemental
sulphur being finely ground to particles having a reactive surface area of the
elemental sulphur particles in the granule in the region of 1280cm2 per gram as
described herein with reference to the included examples and attached figures

relating to same.
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Figure 4

Table 1: Comparison of Ctush-Strength and Dispersion Rates Between existing
Granular Fertilizer and Granular Feitiliser of the Present Invention

Load (kg) Dispetsiorn (min)
Ballance Superten (5mm round) 27,395 4.1 78
Ballance Triplesuper (3mm round) 41,42 58
New Products '
Load (kq) Dispersion
_ {min)
{ Urea 90%, Sulphur 10% 14.9 8
Lacd (k) Dispersion
{min}
80% RPR, 10% Sulphur, 10% 5.2 2
Bentoniie -
Load (kg)
Suiphur 90%, Bentonlfe 10% 0.95,3.25, 41,89,
, : 12keys strangth incredasas
over 24 hours
Load {ky) Dispersion
. {min}
Tripte super 30%, RPR 68% 1.9 , ?
Bentonite 2% L
Load (kg) ‘Dispersion -
- : _(min)
Triple super 30%, RPR 5%, Sulphur [-R&.-
10%, Bentonite 2% -5 %

a3



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

