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ABSTRACT OF THE DISCLOSURE

A method of wet granulation of fertilizer and other materials into granules.
The method involves formation of the granule directly on the pan from the feedstock without
intermediate steps or the use of seed materials. The result is a product having a completely
uniform cross section. The feedstock is initially in the size distribution of -150 mesh with
90% or greater in the size range of 200 mesh. Moisture is maintained to facilitate a steady
process without cycling. The rnethod has the advantage of allowing granulation of materials
either known to be hazardous or inherently difficult to granulate in a safe and expedient
manner.
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WET GRANULATION METHOD FOR
GENERATING SULFUR GRANULES

The present invention relates to a pan granulation method for pan granulating
pellets or granules and more particularly, the present invention relates to a wet
granulation method for granulating fertilizer and other materials into industrially useful
pellets or granules.

One of the greatest limitations existing in the granulation art is centered on the
fact that known processes require a seeding agent in order to achieve the proper
conditions for material accretion to result in a pellet or granule. By making use of a
seed, the resulting granule is adversely affected in two key properties; roundness and
cross sectional uniformity. Typically, seeding material is not round and as the
precursor particle, the result is irregular initial feedstock accretion which, in turn, forms
an out-of-round particle upon which further material accretes. A further detriment from

this results in terms of nonuniform particle density.

Methodology is required for synthesizing a granule in the absence of seed
material and which is round, tightly packed with a uniform homogeneous cross section

and capable of eliminating hazards associated with fertilizer granule production.

One of the latest issued patents in the art to which the present invention
relates is U.S. Patent No. 5,460,765, issued to Derdall et al., October 24, 1995. The
reference teaches a process for pan granulating a particulate material. Based on the
teachings of the Derdall et al. reference, a final particle size distribution that is
achievable by practicing the invention is between about -5 mesh to about + 10 mesh.
In order to initiate the process, the Derdall et al. process is limited to the introduction
of a seeding material typically between about -14 mesh and +28 mesh. This is
required in order to control the granule growth and as indicated in the Derdall et al.
disclosure, seed minimizes mutual agglomeration and results in high yields being
obtained. The Derdall et al. reference further indicates that the proper sizing of the
seed is fundamental to the operation of the process for granulation in order to have
product yields exceed 90%. Reference is made in the disclosure that a seed core In
the range of -14 mesh to +35 mesh is required in order to achieve a steady state and

maintain uniform size distribution of between -8 mesh to +6 mesh.
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2.

The Derdall et al. process, although a meritorious procedure, did not recognize
the limitations of employing a seeding agent or the need for controlling the dust
generated during granulation which not only creates an unhealthy environment for
workers, but more seriously, results in a potentially explosive environment. This is
evident from the teachings of Derdall et al., particularly at column 3, beginning at line
24, wherein it is stated:

"It may be more difficult to keep the granulation steady or stable with

fine seed, such as -35 mesh.”

The difficulty to which the Derdall et al. disclosure alludes is directed to cycling
which is an inherent problem with pan granulation processes. If the size distribution of
the seeding agent is not constant, then the process will not stabilize and effectively
"cycles” as Is known to those skilled in this art. The result of this is that larger formed
granules on the pan effectively destroy the smaller particles. This, of course, defeats
the purpose of the pan granulation to generate particles.

Furthermore, at line 36 in column 3, the disclosure indicates that:

"Fine seed sizes can be used, such as +35 mesh, but a point is
reached where over-seeding or nucleation occurs easily and causes
the final product yieid to drop down."

It is also indicated at column 3, beginning at line 45 that:

"Seed material in the range of 20 mesh is the best single point for each
of control and uniformity of product size distribution ...".

As is known, the larger the mesh numerical value the smaller the micron size

of the particle. The following mesh sizes correspond to the stated micron sizes:
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Approximate
Mesh Size Micron Size

12 1680
16 1190
20 840
30 090
40 420
100 149
200 74

I
;

Based on the teachings of the Derdall et al. disclosure, mesh sizes greater than
+39 cause potential nucleatior problems and result in a final product yield to decrease.
With the technology disclosed, infra, it has been found that by using a fine powder of
between -35 mesh to +150 mesh, that a superior quality product can be formed in high
yield and typically in the range of a greater than 90% yield. When the above passage
regarding Derdall et al. is considered, it is clear that Derdall et al. effectively contradict
what the technology set forth herein has found to be particularly successful.

In the present application the size distribution of the nucleating material is
between -35 mesh and +150 mesh which corresponds to micron size less than 590 ym
and 105 ym, respectively. Nowhere in the prior art is a powdered nucleating agent in this
size distribution disclosed for the purpose of forming a uniform granule in the size
distribution of -8 mesh to +4 mesh. Advantages have been ascribed to this process and
one of the most attractive advantages is that the granule or pellet has an enormous
break strength and a uniform cross section. It has been found by practicing the present
invention, that break strengths in the range of 1 to 4 kgs or greater have been achieved.

In the Derdall et al. disclosure, at column 3, beginning at line 33 it is stated:

"Seed of large size forms granules of very poor strength.”

e N Wil Dt el n At ko WS e PR Rafm et Bt dectcieieiiA A O D BAR-IIGE b VI - A s s S i ST L e M A R a4 GO IAR P EEALMAO MM IS



10

20

30

CA 02268253 1999-12-09

4-

If one considers these teachings in light of the size of the nucleating agent
orovided herein, the admissions made in the Derdall et al. disclosure would clearly go
against the appeal of using a seeding agent in the size range as clearly taught by Derdall
et al. The instruction in Derdall et al. indicates an ideal seeding agent size is 20 mesh
(supra); the instant application uses a powder having a particle size between 75-750%
smaller than Derdall et al. and yet achieve very desirable results.

In Statutory Invention Registration H1070, authored by Harrison et al., July 7, 1992,
a method for granulating potash materials is disclosed. The process involves the conversion
of particulate potassium sulfate or potassium chloride by agglomeration using a conventional

rotary drum granulator, pan granulator or other conventional granulating device.

In the disclosure of this document, there are no specific teachings regarding the
elimination of a seeding agent, feedstock size or other important factors related to process
control in order to generate superior quality granules having commercial viability. Further,
the process clearly is an agglomeration process. It is known that agglomeration typically
involves the aggregation of colloidal particles suspended in a liquid into clusters or flocs.
These clusters or flocs have varying degrees of interstices and are loosely bound (Hawley's

Condensed Chemical Dictionary, eleventh edition, 1987).

As a particularly advantageous feature of the present invention, the methodology
herein facilitates sulfur granulation. With the effectiveness of air pollution regulations, it has
now become necessary to augment the soil with sulfur due to deficiencies. As is generally
known in agricultural science, sulfur fertilization increases crop yield and quality and further
has an effect on nitrogen processing by plant matter. This processing is, In turn, related to
protein synthesis, nitrogen fixation, photosynthesis and disease resistance.

Currently, sulfur pelletizing or granulation processes proceed according to dry
synthesis methodology. This is extremely hazardous since sulfur, particularly sulfur dust, is
explosive and difficult to handle. In view of these serious limitations, the field is in need of a
viable and safe granulation process. The present technology set forth herein delineates a
nonhazardous method for granulating sulfur, customizing particle size as well as additive
addition to produce sulfur particles capable of slow release, pesticidal, herbicidal, fumigant
and bactericidal activity inter alia.
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Wet granulation is inherently complicated, since irregular particle crystallography is
iInherently difficult to control. Wet powder is not uniform and this would lead to nonuniform
accretion, over nucleation and eventual breakdown of the process. For these reasons

among others, the art has not realized an effective and viable process for wet granulation.

Boeglin et al. in United States Patent No. 3,853,490, discloses a granulation method
for granulating potassium sulfate. The method involves the use of large particle starting
material -6 +65 mesh (50%), -200 mesh (10% to 30%) and the remainder comprising -65
+200 mesh. In the disclosure it is stated that the granulation is carried out in conventional
granulating equipment, however, there is no discussion concerning process control
difficulties associated with pan granulation of the product. It is known from Derdall et al that
significant difficulties are encountered in keeping the granulation steady even with seed
material in the size range of +35 mesh. The most difficult problem is controlling “cycling”
where the larger particles destroy the smaller particles. The Boeglin et al. reference would
therefore appear to be directed solely to a drum granulation process where the
complications inherent with pan granulation are not encountered.

In United States Patent No. 3,711,254, issued to McGowan et al.,there is discussed
a process for granulating potash. The disclosure of the document only provides a cursory
teaching of granulation and includes pan and drum granulation within the same process.

Kurtz, in United States Patent No. 5,322,532, discloses a sodium bicarbonate blast
media. The blast media comprises an agglomeration of sodium bicarbonate and sodium
sesquicarbonate. The reference does not set forth any details with respect to any other
formulation process apart from agglomeration and lacks instruction regarding any other

material for augmentation.

Other patent documents of only marginal relevance include the following United
States Patent Nos.: 4,371,481, 4,131,668, 4,264,543, 5,108,481; 3,206,508; 3,206,528;
4,344,747, and, 5,124,104.

The prior art, when taken singly or collectively, is deficient any clear teachings

regarding the preparation of sulfur, fertilizer, blasting, deodorizer or water softener granules

having the following commercial and industrial advantages:

S AR TR G TR AN AR AL T e ey e e e e e e A DI AT 1 TS LT AT Ve 1 bk e a8 A e by



CA 02268253 1999-04-08

6-
a) uniform cross-section;
b) tightly packed feedstock;
C) absence of a seed or crystal core;
d) increased break strength relative to the prior art;
e) material homogeneity throughout the granule; and
f) greater quantity of feedstock material per granule

There has been a long felt need for granules having these desirable properties and
for methodology to effect synthesis of such products; the present invention addresses these
needs in an elegant and efficacious manner.

One aspect of the present invention is to provide an improved method for generating

a variety of industrially useful particles or granules, which particles are devoid the drawbacks

20

30

of the prior art techniques.

A further aspect of one embodiment of the present invention is to provide a method
for granulating a sulfur feedstock into granules, comprising the steps of:

providing a sulfur feedstock having about 99.9% particle size of -150 mesh of the
99.9% particle size of -150 mesh about 90% comprising a particle size of -200 mesh;

providing a binder material having a moisture content and including a surfactant;

contacting the sulfur feedstock with the binder to provide a mixture;

introducing the mixture on to a pan granulator containing feedstock;

maintaining pan moisture conditions where the moisture content on the pan is
between about 1.5% to about 11% by weight; and

forming sulfur granules on the pan directly from the sulfur feedstock in the absence

of seed or nucleating material.

A further aspect of one embodiment of the present invention is to provide a method
for granulating a sulfur feedstock into granules, comprising the steps of:

providing a sulfur feedstock having about 99.9% particle size of -150 mesh of the
99.9% particle size of -150 mesh about 90% comprising a particle size of -200 mesh;

providing a binder material having a moisture content and including a surfactant;

contacting the sulfur feedstock with the binder to provide a mixture;

introducing the mixture on to a pan granulator containing feedstock;
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maintaining pan moisture conditions where the moisture content on the pan is
between about 1.5% to about 11% by weight;

forming sulfur granules on the pan directly from the sulfur feedstock in the absence
of seed or nucleating material; and

treating the granules with a dust suppressant.

The provision for sulfur granulation is particularly beneficial, since sulfur is a useful
compound for many areas including fertilizer among others. A serious complication in the
granulation of sulfur is the explosive nature of the material. In previous attempts made in the
art, the granulation was conducted using dry methodology. This led to dust problems during
fabrication and during handling of the final product and eventually to dust explosions.

In the present invention, the maintenance of moisture on the pan and in the product
substantially prevents dust formation during product synthesis. This is augmented by the
addition of oil e.g. mineral, vegetable, seed, synthetic, etc. to the final product. The use of a
surfactant e.g., a sulphonic surfactant is useful also to assist in moisture contact with the
sulphur. As a further feature, plant nutrients, growth regulators, minerals, time release
compositions and suitable bacteria may be included in the granules. In terms of the
nutrients, suitable examples include copper and urea; the growth regulators may be
herbicides, pesticides, hormones; the minerals will vary depending on soil and environment
conditions, but may include copper, boron and other metals; the time release materials may
be selected to release the sulfur only at specific times during the growth cycle of the plant,
crop, etc.; bacteria may be selected from a diverse variety depending on the specific
requirements of the user. To this end, sulfur oxidizing bacteria may be selected, disease
combating bacteria to reduce the vulnerability of the crop, fumigants, etc.

A still further aspect of one embodiment of the present invention is to provide a sulfur
granuie having a homogeneous and uniform cross-section and an additive selected from the
group comprising a plant nutrient, a plant growth regulator, bacteria and minerals.

The important inventive concept of the present invention is the ability to generate
particles/granules in the absence of a seeding agent. In this manner, the process can be
loosely referred to as a pan nucleation process; the process proceeds generally as
crystallization, i.e., a nucleation site accretes the surrounding material. With the present




10

20

30

CA 02268253 1999-04-08

_8-

technology, the pan rotation and binder assist in the material accretion around the
nucleation site to produce a tightly packed granule with high feedstock content.

Having thus described the invention, reference will now be made to the

accompanying drawing lllustrating preferred embodiments and in which:

Figure 1 illustrates a schematic representation of the method according to one

embodiment of the present invention;

Figure 2 is a photograph of a sulfur granule in cross section formulated by practicing

the prior art methodology;

Figure 3 is a photograph of the sulfur granule of Figure 2;

Figure 4 is a photograph of sulfur granules in cross section formulated by practicing
the methodology of one embodiment the present invention;

Figure 5 is a photograph of the sulfur granules of Figure 4,

Figure 6 is a photograph of a potassium chloride granules formulated by practicing

the methodology of the prior art;

Figure 7 is a photograph of red potassium chloride granules in cross section

formulated by practicing the prior art methodology;

Figure 8 is a photograph of potassium chiloride granules in cross section formulated

by practicing the methodology of one embodiment of the present invention;

Figure 9 is a photograph of a potassium chloride granule illustrated in Figure 8; and

Figure 10 is a photograph of potassium chloride granules containing sulfur and
formulated by practicing the methodology of one embodiment of the present invention;

Similar numerals employed in the text denote similar elements.
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Prior to the explanation of the method, the following table sets forth some general

properties of the compounds and materials that may be granulated.

Ammonium
Nitrate -
NH4NQO3

Ammonium
Sulfate -
(NH4)2S04

Potassium
Chloride - KCI

Potassium
Nitrate KNO3

Potassium
Sulfate K2S04

Sulfur-S

Urea
CO(NH2)2

TABLE 1 - GENERAL PROPERTIES

COMPOUND CRYSTALS

coloriess

brownish white
to gray

colorless or
white

transparent,
colorless or
white; powder
or crystalline

colorless or
white hard
crystals or
powder

alpha form
rhombic,
octahedral
yellow crystals;
beta form
monoclinic,
prismatic pale
yellow crystals

white crystals
or powder

AT TN ' LA MBS+ o -4 1000 © s stens e

MELTING | BOILING
SOLUBILITY POINT(C) | POINT (C) HAZARDS _

soluble in water, | 169.6 Decomposes | may
alcohol and at 210 explode if
alkalies confined

and

exposed to
high
temperature

-
sublimes at
1500

soluble in water

513
soluble in water; | 772
slightly in alcohol

soluble in water 337 decomposes | fire/

or glycerol; at 400 explosion
slightly soluble in risk upon
alcohol shock or

heating or
when in
contact with
organic
materials

soluble in water 1072 none

slightly soluble in | alpha combustible
alcohol and approx in finely
ether, soluble In 94.5 divided form
carbon disulfide, | Beta a fire and
carbon approx explosion
tetrachloride and | 119 risk exists
benzene

soluble in water 132.7 Decomposes
alcohol and
benzene
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MELTING | BOILING
CRYSTALS SOLUBILITY POINT(C) | POINT (C) HAZARDS

white powder or | soluble in water loses

crystalline carbon

lumps dioxide at
270

Referring now to Figure 1, shown is an overall schematic representation of the

COMPOUND

Sodium
Bicarbonate
NaHCO3

process according to one embodiment.

In the embodiment shcwn, the circuit is representative of a ten ton per hour circuit.
Reference numeral 10 denotes the introduction of feedstock which may be any suitable
material, numerous examples of which have been indicated supra. The technology set forth
herein permits the formation of most any granulated product including various sulfates, soda
ash, sulfur, potash, kaolin, magnesia, potassium sodium and ammonium chloride inter alia.

The feed may be introcluced at 9.8 tons per hour (9.8 thr-1) along with suitable binder
material as set forth herein prewviously. The feedstock and binder may be then introduced
into a pulverizer 12 to pulverize the feedstock such that a product is produced having 99.9%
-150 mesh and at least 90% -200 mesh. The pulverizer 12 may be a classifying pulverizer
or air sweep pulverizer or any other suitable pulverizer known by those skilled in the art.

Once pulverized, the stream, generally represented by numeral 14, is introduced into a

- sealed collection hopper, globally denoted by numeral 16, which includes a bag house 18 to

collect dust. Collection hopper 16 includes sultable valve 20 for metering dust into a
collection bin 22. The bin 22 is mounted over two feeders 24 and 26 which divide the
material being received from bin 22 into two streams, the first stream being fed by feeder 26
to a wet mixer (not shown) and then to a first large pan granulator 28 at a rate of 7.6 tons
per hour (7.6 thr''), as an example, while feeder 24 feeds a second stream into a paddle or
pin mixer (not shown) and then to a second pan granulator 30, being smaller than granulator
28. The feed rate to the small pan may be 2.8 tons per hour (2.8 thr'), as an example, to be
consistent with a ten ton per hour circuit. The mixers each contain a mixture of binder and
feedstock with a moisture content in the range of 4% to about 8% by weight. The material
fed from the mixers to the pans is thus wet and this avoids dust formation during processing.
The amount of moisture in the binder is a variable factor and is dependent upon the nature

of the binder (solid/moisture content). Clearly, high moisture content binders will not require

PR S -t Ml U S A0k e AL (4D §h At N M bl ) I PRI SHRA S AN A MMt S0 VA A A A S T % PNkl A i s e dn,




10

20

30

CA 02268253 1999-12-09

-11-

as great an addition (on a percentage by weight basis) to the mixers as the lower moisture

content bingers.

Pan 30 is equipped with a small receptacle 32 for retaining -35 mesh dry raw
feedstock (not shown). The receptacie 32 is equipped with a variable rate metering
apparatus (not shown). The feeder removes the material from the receptacle 32 and
introduces the dry raw feedstock into pan 30. As is known in the art, the pan granulators 28
and 30 include upper and lower scrapers 34, 36 and 38, 40, respectively. Regarding the
feedstock from receptacle 32, the same is introduced to the pan 30 behind top scraper 38.
In this example, the production rate for the pan 30 would be set for 3 tons per hour (3 thr-1)
with a size distribution of approximately 80% product between -8 mesh to +20 mesh. It has
been found that this is achievable by combining the raw feedstock to the dust at a ratio of
1:20 to 1:100 parts. The use of an atomizing hot binder solution at any position from the 12
o'clock through to the 5 o'clock position has been found to be particularly useful. When the
correct free moisture is attained, generally between 1.5% to about 11%, the first pan
stabilizes at a steady state condition. In this manner, granules are formed directly on pan 30

in the absence of a seeding agent.

As indicated above, the product formed from pan 30 is typically between 50 to 80%
-8 mesh. The product is discharged and dried with dryer 39. Dryer 39 may be selected
from, for example, Carrier dryers, tray dryers or roto louver type dryers. The product being
formed in large pan 28 is additionally transported to dryer 39 via a suitable conveyer,

globally denoted by numeral 41.

Product exiting dryer 39 via stream 42 is then screened by a suitable screening
arrangement 44 at 4 mesh, 8 mesh and 20 mesh. The +4 and -20 mesh portions are sent to
pulverizer 12 for recycling into the system, the recycling stream being indicated by numeral
46. The -4 to +8 mesh portion is the final product and leaves screen 44, as indicated by
numeral 48, as a final finished product. The -8 to +20 mesh portion is sent via stream 50 to
a hopper equipped with a weigh belt feeder, broadly denoted by numeral 52. The material is
advanced from the weigh belt feeder 52 into pan 28 whereupon the product is further
processed by the introduction of binder and additional dust to produce a desired granule
product. This is an optional step dependent upon whether further feedstock accretion is

desired.
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Any residual dust which may be present in dryer 39 may be passed via line 54 for
exiting dryer 39 to hopper 56 and the collected material in hopper 56 either passed onto the
bag house 18 via line 58 or passed into the feedstock via line 60. The fines or dust entering
bag house 18 may additionally be passed off onto ancillary operations, for example, wet
scrubbing, as broadly denoted by numeral 60 in Figure 1. Other examples will be readily
apparent to those skilled in the art.

The ratio of -8 to +20 mesh product needed to run pan 28 at a steady state has been
found to be, for the system described herein, between 1:10 to 2:5, an optimum of 1:5. Pan
28 stabilizes quickly and produces yields of greater than 95% on +8 to -4 mesh. The
orocess yield from the overall circuit as set forth herein exceeds 90%. As discussed briefly
herein previously, 10% of the weight, which is in the -20 and +4 mesh size distribution, as
well as dryer dusts, can be recycled to enhance the efficiency and productivity of the method

to produce maximum yields at very low cost.

With further reference to the pans 28 and 30, as is known, the pans may be adjusted
for angle and rotational speed such that the +8 to -4 mesh granules are only produced. In
addition, it has been found advantageous to not only change the horizontal disposition of the
pans, but also to laterally tilt the pans to enhance the efficiency of the granulating process.
The specific angle of tilt and horizontal angle will be dependent upon the rotational speed
and the size of the granule desired to be produced. As a variation, the tilt and/or angular
velocity of the pan(s) may be adjusted to produce granules in the size distribution of -10

mesh to about 100 mesh.

It will be appreciated that the method for operation as discussed can be a single
operation or may be incorporated into a unit operation within a series of other operations.
This will depend upon the specific needs of the user.

It will also be readily appreciated that any number of pans can be incorporated into
the system to progressively grow or accrete a granule. To this end, the process Is
interruptible and therefore can be custom designed to produce granules having a variety of
layers of material to produce a host of valuable granules. It will be clear to those skilled in
the art that the process is effective for producing a number of different forms of fertilizer and
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has particular utility with respect to the formation of high grade fertilizer for use on golf

courses, time release formulae etc.

In terms of the binder, suitable example include lignosol, sugars, saturated salts and
proteins, water, calcium sulfate, sodium sulfate, potassium chloride, dry gluttens, wheat
grains, barley grains, rice grains and calcium phosphate among others. The choice of the
binder will depend on the desired characteristics of the granule and accordingly, the
aforementioned examples are only exemplary. In the instance where the material to be
granulated is dangerous or has the characteristic of having explosive dust, the binder
composition may comprise a high moisture content, generally 30% to 60% moisture or
greater with the balance comprising solids. It is also contemplated that mixtures of binder

material may be employed.

With respect to the feedstock and binder, where the binder contains a higher
moisture content, the use of an atomizer for dispensing moisture on to pans 28 and/or 30
may not be necessary. In a further variation, binder and feedstock material may be added
to the pan(s) simultaneously. Also, the binder (approximately 4% to about 8% by weight)
may be added to dry sulfur powder and then added to the pan for granulation. Furtherstill,
water and dry binder may be mixed and added to the sulfur. These process variations will
be dependent upon the nature of the material to be pelletized or granulated. Where dust is
a concern, any moisture addition can be performed to prevent dust formation provided the

addition does not interfere with the granulation.

Referring now to the photographs, Figure 2 illustrates granulated sulfur pellets with
an ammonium sulfate core created by the prior art technique as taught by Derdall et al. The
pellets clearly include a sizeable core occupying a large amount of the volume of the
particle. It is also evident that the cross section of the particles is nonuniform and in some
cases hollow in localized areas. In addition, the particles are not spherical, but rather
substantially aspherical. These factors all depreciate the quality and industrial value of the

particles.

Figure 3 shows whole granulated sulfur pellets synthesized in accordance with the
Derdall et al. methodology. As is evident from the figure, the exterior of the granules is
loose to provide a grainy surface texture. This lack of consolidation of the material results in
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the generation of dust which, as indicated supra, creates significant handling problems and
In particular, increases the likelihood of a potential explosion.

In contrast to the above, Figures 4 and 5 demonstrate the high quality particles
generated by the present methodology. Of particular significance is the fact that the
particles/granules are completely devoid of any core or seed, but rather are entirely uniform,
continuous and solid throughout. Figure 5 illustrates the granules in toto. It is readily
apparent that the granules have a different surface appearance than those formulated by
the prior art; this is further evinced by the lack of dust or grains surrounding the particles.
The particles are significantly more consolidated, harder, tightly packed and include a
greater amount of feedstock (at least 95% by weight) than the prior art granules.
Accordingly, the advantages enumerated herein previously are realized.

In respect of Figures 6 and 7, shown are potassium chloride granules made by the
technique set forth by Derdall et al. The Figures illustrate two different forms of the
compound and confirm the presence of the seed indicated as a critical factor to the

generation of the particles.

With reference to Figures 8 and 10, shown are potassium chioride particles
formulated by practicing the methodology of one embodiment of the invention. As
lllustrated, the particles are substantially spherical, devoid any core and lack the surface
graininess of the particles of Figure 6. The particles illustrated include a sulfur compound.

Figure 9 illustrates a sodium bicarbonate granule granulated by practicing the
technology set forth herein. Noteworthy is the spherical appearance and consolidation of

the particle.

The inventive technology established herein affords a commercially viable and
industrially significant development in the granulation art affording pellet content

customization among other features.

Although embodiments of the invention have been described above, it is not limited

thereto and it will be apparent to those skilled in the art that numerous modifications form
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part of the present invention insofar as they do not depart from the spirit, nature and scope
of the claimed and described invention. ‘
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for granulating a sulfur feedstock into granules, comprising the

steps of:
providing a sulfur feedstock having about 99.9% particle size of -150 mesh of said

99.9% particle size of -150 mesh about 90% comprising a particle size of -200 mesh,;

providing a binder material having a moisture content and a surfactant;

contacting said sulfur feedstock with said binder to provide a mixture;

introducing said mixture on to a pan granulator containing feedstock;

maintaining pan moisture conditions where the moisture content on said pan is
between about 1.5% by weight to about 11% by weight; anad

forming sulfur granules having a homogeneous and uniform cross-section in a size
distribution of -10 mesh to 100 mesh on said pan directly from said sulfur feedstock in the

absence of seed or nucleating material.

2. The method as defined in claim 1, further including the step of augmenting

said sulfur feedstock with an additive.

3. The method as set forth in claim 2, wherein said additive comprises at least
one of copper, boron, encapsulated sulfur oxidizing bacteria, a herbicide, a pesticide or a

plant nutrient.

4 The method as set forth in claim 1, wherein said binder comprises a material

comprising about 30% by weight to about 60% by weight moisture.

5. The method as set forth in claim 1, further including the step of passing said

sulfur granules on to a second pan granulator.

0. The method as set forth in claim 4, wherein said feedstock for said second
pan includes between about 20% to about 35 % sulfur granules in the size range of -10

mesh to about 100 mesh.

7. The method as set forth in claim 1, wherein said moisture content is between
about 1.5% by weight and about 10.5% by weight.
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8. A method for granulating a sulfur feedstock into granules, comprising the
steps of:

providing a sulfur feedstock having about 99.9% particle size of -150 mesh of said
99.9% particle size of -150 mesh about 90% comprising a particle size of -200 mesh;

providing a binder material having a moisture content and a surfactant;

contacting said sulfur feedstock with said binder to provide a mixture;

introducing said mixture on to a pan granulator containing feedstock;

maintaining pan moisture conditions where the moisture content on said pan is
between about 1.5% by weight to about 11% by weight; and

forming sulfur granules having a homogeneous and uniform cross-section on said
pan directly from said sulfur feedstock in the absence of seed or nucleating material.

treating said granules with a dust suppressant.

0. The method as set forth in claim 8, further including the step of augmenting

said sulfur feedstock with an additive.

10. The method as set forth in claim 9, wherein said additive comprises at least
one of copper, boron, encapsulated sulfur oxidizing bacteria, a herbicide, a pesticide or a

plant nutrient.

11. The method as set forth in claim 9, wherein said granules are In the size

range of -10 mesh to 100 mesh.

12. The method as set forth in claim 8, wherein said surfactant comprises a

sulphonic surfactant.

13. The method as set forth in claim 8, wherein said dust suppressant comprises

an oll.

14. The method as set forth in claim 8, further including the step of adding a

limited solubility coating to said granules for effecting a time release of said sulfur.

19. The method as set forth in claim 14, wherein said coating Is added to said

feedstock at intervals during accretion of said granules.
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16. The method as set forth in claim 8, further including the step of passing said

sulfur granules on to a second pan granulator.

17. The method as set forth in claim 16, wherein feedstock for said second pan
includes between about 20% to about 35 % sulfur granules in the size range of -10 mesh to
about 100 mesh.

18. A sulfur granule in a size distribution of -10 mesh to 100 mesh and having a
homogeneous and uniform cross section and an additive distributed homongeneously In
said granules, said additive selected from the group comprising a plant nutrient, a plant

growth regulator, bacteria and minerais.

19. The sulfur granule as set forth in claim 18, wherein said granule comprises a

fumigant in the size distribution of 10 mesh.

20. A method for granulating a sulfur feedstock into granules, comprising the
steps of:

providing a sulfur feedstock having about 99.9% particle size of -150 mesh of said
99.9% particle size of -150 mesh about 90% comprising a particle size of -200 mesh;

providing a binder material having a moisture content and a surfactant;

contacting said sulfur feedstock with said binder to provide a mixture;

introducing said mixture on to a pan granulator containing feedstock;

maintaining pan moisture conditions where the moisture content on said pan is
between about 1.5% by weight to about 11% by weight;

forming sulfur granules in a size distribution of -10 mesh to 100 mesh on said pan
directly from said sulfur feedstock in the absence of seed or nucleating material,;

passing said sulfur granules in a size distribution of -10 mesh to 100 mesh onto a
second pan granulator; and

forming sulfur granules having a homogeneous and uniform cross-section in a size
distribution of -4 mesh and 8 mesh by accretion of said feedstock material on said sulfur

granules in a size distribution of -10 mesh to 100 mesh.
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