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SULFUR-COATED FERTILIZER GRANULES AND
PROCESS OF MAKING SAME

This invention relates to controlled-release, sulfur-
coated particles of solid fertilizers wherein a special
bonding layer between the fertilizer particle and the
sulfur coating improves the resistance of the coating to
physical damage during handling.

BACKGROUND AND SUMMARY OF THE
INVENTION

The concepts of controlled-release fertilizers and of
the use of sulfur coatings to impart the controlled-
release characteristics to granules or particles of fertil-
izer are known. It is recognized, for example, that slow-
ing the release of plant nutrients such as nitrogen from
highly soluble fertilizer granules is desirable because
releasing the nutrients over an extended period of time
achieves advantages which include increased efficiency
of fertilizer use by plants, reduction in cost by requiring
fewer applications of fertilizer and reduction in nutrient
losses caused by backing and denitrification. It is also
recognized that application of a thin coating of sulfur on
the fertilizer granules reduces the dissolution rate of the
granules and hence imparts controlled-release charac-
teristics. In essence, the water in the soil, and rain water
are kept away from the very soluble fertilizer until a
granule develops a flaw such as a crack or fissure in the
coating, or the coating is penetrated by microbial ac-
tion. When the fertilizer is initially put on the soil, some
of the granules already have flaws which water can
attack through capillary action and absorption for
poorly covered or coated granules. Granules applied to
the soil fail at different rates because the granules are
not uniformly coated either from the standpoint of a
specific granule or between granules. Thus, the time of
failure of a granule and release of its nitrogen to the soil
is different for different granules. Sulfur coated fertil-
izer, therefore, has its slow release characteristics based
on the statistical pattern of failure for the granules.

In considering sulfur coated urea, for example, most
of these products are made with not only a sulfur coat-
ing but also coatings of a wax or wax-like substances
and a conditioner (a finely divided absorbent powder
such as diatomaceous earth). The sulfur alone in these
products gives very little slow release, rather, it acts as
a prime coat which is then sealed by the wax. The con-
ditioner gives the product free flowing characteristics
and prevents sticking. These last two coatings, how-
ever, perform an additional function; they provide a
cushioning effect to the granules and prevent the sulfur
coating from cracking severely under normal bulk han-
dling. If the coating does crack, a good sealant will flow
into the crack and seal it during storage. Thus, some
sulfur coated urea materials improve with storage.

There are different products, however, also known as
sulfur coated urea. They contain no wax or conditioner
and are commonly known as “Sulfur-Only” sulfur
coated urea. The present invention provides an im-
provement to this kind of product. The process of the
invention may also be of value in the conventionally
sealed sulfur coated coated urea. For many years it was
felt that such a sulfur-only product could not be made
with an economically feasible amount of sulfur and still
have good slow release properties. This was proven
wrong by continued development efforts, however, the
resulting products are very fragile, especially after the
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2
sulfur is allowed to age for several hours. Quick cooling
and proper temperature control of the sulfur coated
urea during production maximizes the elastic (amor-
phous) sulfur in the sulfur coating of the final product
and gives the coating some minor resistance to break-
age. Therefore, with normal handling, the coating
cracks and the slow release characteristics are in large
part destroyed. Granules with cracked coatings might
slow the release of the urea and somewhat prevent
burning of plants, but will not give the extended release
over weeks and months which is desired for sulfur
coated urea. Sulfur-only products are, nevertheless,
superior to other coated fertilizers in some ways in that
(1) they require much less equipment and manpower to
make, (2) they are not dusty as they have no condi-
tioner, and (3) they are not sticky as they have no wax.

The primary object of the present invention is to
improve the bond between the sulfur coating and the
fertilizer granule and to improve the strength of the
sulfur coating, with the result that the coated granules
have a reduced tendency to break or crack during stor-
age and during normal handling. The coated granules
therefore have more uniform controlled-release proper-
ties than prior sulfur-only coated granules, and the con-
trolled-release properties are improved in the sense that
nutrients are released over a longer time period than for
prior sulfur-only coated granules.

According to the principles of this present invention
these advantages are obtained by providing a special
bonding layer between the inner core of fertilizer and
the external sulfur coating, the bonding layer containing
discrete’ but interwoven crystalline portions of sulfur
and fertilizer with the fertilizer portion of the bonding
layer being attached to the crystalline structure of the
core and the sulfur portion of the bonding layer being
attached to the crystalline structure of the subsequently
applied sulfur coating. The sulfur coating and the fertil-
izer core are thus mechanically interwoven and fused
together.

The bonding layer, to be effective, should be co-
applied in the sense that the fertilizer component and
the sulfur component of the layer are applied to the core
simultaneously in order to ensure that the above-
described mechanical bonds are obtained. This is best
achieved by simultaneously spraying the two compo-
nents in molten formn onto the cores, either as separate
sprays or as a mixed spray. Accordingly, the present
invention includes the process of coating fertilizer parti-
cles by first co-spraying the particles with molten drop-
lets of sulfur and fertilizer and then applying a coating
of sulfur, also preferably by a melt-spraying technique.

The applicant is not aware of any prior teachings
which are relevant to the above-summarized concepts
of a special intermediate bonding layer for holding a
sulfur coating to a fertilizer particle and of melt-spray-
ing such intermediate bonding layer. The applicant is
aware, however, of certain U.S. patents which relate to
conventional fertilizer products and processes. U.S. Pat.
No. 3,295,950 teaches the application of a coat of waxes
and/or oils to fertilizer pellets as an undercoating, fol-
lowed by a coating of sulfur and finally a sealant coating
of the wax and/or oil.

U.S. Pat. Nos. 3,877,415 and 3,991,225 disclose an
apparatus for spraying coating materials onto a continu-
ous cascade of solid particles and a process for forming
coated particles.

U.S. Pat. No. 3,903,333 discloses a process for se-
quentially applying sprays of coating materials (such as
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sulfur) to solid particles (e.g. urea). U.S. Defensive
Publication No. T912,014 discloses a process for apply-
ing precisely uniform solid coatings onto solid particles
by sequentially spraying the coating material onto the
particles.

U.S. Pat. 3,576,613 discloses an improvement to the
“contact” angle between sulfur and urea at the coating
interface in sulfur coated particles, further involving the
addition of a finely divided powder, in particular, car-
bon black, to the surface of the particle substrate.

U.S. Pat. No. 4,330,319 discloses a process for mixing
molten urea and sulfur to produce solid particles of the
mixture (No coating is involved).

None of the above documents suggest the novel fea-
tures of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a transverse cross sectional view of a coat-
ing drum suitable for pray-coating fertilizer particles
according to the present invention;

FIG. 2 is a longitudinal view of the drum of FIG. 1;
and

FIG. 3 is a flow diagram of an overall manufacturing
scheme of the sulfur coated fertilizer particles of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

As summarized above the present invention provides
a special two-component bonding layer between the
urea fertilizer particle and the external sulfur coating so
that the crystalline structures of the two materials in the
bonding layer are distinct, but mechanically interwo-
ven. The fertilizer component of the bonding layer
attaches to and becomes integral with the crystalline
structure of the fertilizer granule and the subsequently
applied substantially pure, outer sulfur coating attaches
to and becomes integral with the crystalline structure of
the sulfur component in the bonding layer. Thus, the
coatings and the substrate are interwoven and fused
together. The bonding layer is typically 10-90% by
weight of sulfur and typically has a thickness of 5-100
microns,

The fertilizer particles to be sulfur coated may be any
of a variety of known solid, particulate fertilizer materi-
als which contain nutrients in a form available to plants.
Urea is a particularly suitable material, as is ammonium
nitrate and ammonium sulfate. The fertilizer component
of the bonding layer will typically be the same fertilizer
as the core.

In order to obtain the desired mechanical interlock-
ing of the components of the bonding layer with each
other and with the fertilizer core and the external sulfur
coating, the bonding layer and sulfur coating are ap-
plied in the form of sprays of molten droplets, i.e., are
melt-sprayed. The sulfur and fertilizer components of
the bonding layer are sprayed simultaneously onto the
fertilizer core particles in order to obtain the necessary
interlocking of these two components. The components
may be sprayed through separate nozzles or may be
premixed and sprayed through one or more common
nozzles. In either case the molten droplets solidify at a
time such that interlocking of the crystals occurs. Solid-
ification prior to contact with the core does not produce
the necessary bond. The same is true of the exterior
coating of sulfur.

Spraying may be accomplished pneumatically, hy-
draulically or electrostatically. Hydraulic spraying is
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typically carried out with a spraying pressure of about
10 to 3000 psig. The temperature of the molten urea is
typically between the melting point of urea and 300° F.
The temperature of the molten sulfur applied simulta-
neously with the molten urea or alone as the outer coat-
ing is typically between the melting point of sulfur and
320° F. The temperature of the fertilizer granules before
the bonding layer is applied is typically between 40° F.
and 210° F. :

It is necessary to control the spraying operations
carefully in order to achieve the required coatings. This
can most easily be done by using a rotating drum spray-
coating apparatus, although it is also possible to use a
pan granulator, fluid bed apparatus or other coating
equipment. A rotating drum coating apparatus such as is
conventionally used for producing sulfur-only fertilizer
granules by a spraying technique, is particularly suit-
able, as this kind of equipment is capable of producing
uniform application of spray coatings. The coating op-
erations can be batch operations or continuous opera-
tions.

A drum sprayer is, basically, a generally horizontal
rotatable drum having internal lifting flights which lift
the free-flowing particles in the drum and then let them
fall to the bottom of the drum in the form of a continu-
ously falling curtain. Stationary spray nozzles are posi-
tioned within the drum so as to project the sprayed
material onto the curtain of falling particles. For a con-
tinuous process the drum is slightly inclined so that
rotation of the drum causes the particles to move from
the inlet end of the drum to the outlet end, where they
are discharged.

The bonding layer and the subsequent exterior sulfur
coating can be applied in the same or different drums. If
both operations are carried out in a single drum, it is
important not to let the spray which contains the fertil-
izer component of the bonding layer enter the down-
stream portion of the drum where the sulfur alone is
being sprayed. This can be accomplished by providing
a counter-current air flow in the portion of the drum
where the bonding layer is being sprayed to rid the
drum of mist and dust thereby keeping the fertilizer mist
caused by overspray from getting into the downstream
sulfur-spraying area of the drum. If a fluid bed coating
apparatus is used, the fertilizer mist can easily be iso-
lated from the sulfur coating area, as any spray not
impinging on the granules in the bed around the fertil-
izer spray nozzles will be removed from the fluid bed
vessel by upward flowing air currents.

A batch process can be carried out in a single drum
by providing fertilizer spray nozzles and sulfur spray
nozzles in a common area of the drum. After the co-
spraying operation has been completed, the fertilizer
nozzles can be turned off and the sulfur nozzles allowed
to continue until the needed sulfur coating is applied.

With reference to FIGS. 1 and 2 there is shown sche-
matically a drum sprayer suitable for continuously pro-
ducing sulfur coated fertilizer particles in accordance
with the present invention. Use of the illustrated drum
sprayer is not critical, however, as other drum sprayers
are also suitable. The drum 10 is basically of the kind
disclosed in the aforesaid U.S. patents 3877415 and
3991225. It has an inlet end 12 for receiving fertilizer
particles and an outlet end 14 through which coated
fertilizer particles are discharged over a discharge re-
taining ring 16. A rotary drive (not shown) is provided
for supporting and rotating the drum 10 in a counter-
clockwise direction as viewed in FIG. 1. Means sche-
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matically shown at 18 introduces air which flows coun-
tercurrent to the direction of travel of the fertilizer
particles. As the drum 10 rotates, the fertilizer particles
form a cascading bed 20. Lifting flights 22, carried on
the interior of the drum wall and canted in the direction
of drum rotation, continuously lift particles from the
bed and, as the drum 10 rotates, the particles slide off
the upper flights 22 and fall either back to the bed 20 or
to an inclined collecting pan 24. The direction of incli-
nation of the pan 24 is such that the fertilizer particles
slide down the pan and form a falling curtain 26 of
particles which return to the bed 20. A falling curtain of
particles can be formed by lifting flights alone, and
hence the use of the pan 24 is not essential.

Extending longitudinally within the drum 10 at a
location adjacent the falling curtain are a molten fertil-
izer spray assembly 28, 30 and a molten sulfur spray
assembly 32,34, the elements 30 and 34 being nozzles
which direct the molten material supplied through the
pipes 28 and 32 toward the falling curtain 26 in the form
of fine molten droplets. The fertilizer spray nozzles 30
are provided only in the upstream part of the drum 10,
and the sulfur spray nozzles 34 are provided in both the
upstream and downstream parts of the drum 10.

In operation of the apparatus the drum 10 rotates
continuously and solid fertilizer particles are continu-
ously fed into the inlet end 12 where they are formed by
the flights 22 and the pan 24 into the falling curtain 26
which extends essentially the whole length of the drum
10. Simultaneously the particles travel toward the dis-
charge end 14 of the drum 10. In the upstream part of
the drum 10 the nozzles 30 spray molten fertilizer drop-
lets onto the fertilizer particles in the falling curtain.
Simultaneously the nozzles 34 spray molten sulfur drop-
lets onto the falling curtain particles. The result is that
in the upstream part of the drum 10 the solid fertilizer
particles become coated with a layer of fertilizer crys-
tals and sulfur crystals, the fertilizer component of the
layer becoming integral with the surface of the solid
fertilizer particles. A stream of air moving through the
drum 10 from rear to front prevents excess fertilizer
droplets from passing into the rear part of the drum.
The thus-layered fertilizer particles are then coated
with sulfur in a similar manner by molten sulfur droplets
being sprayed from those nozzles 34 which are down-
stream of the fertilizer nozzles 30. As the sulfur droplets
solidify on the layered particles, sulfur crystals in the
coating interweave with sulfur crystals in the fer-
tilizer/sulfur layer thus tightly bonding the sulfur layer
to the particles.

FIG. 3 illustrate in flow sheet form a manufacturing
plant for continuously producing sulfur coated fertilizer
particles, using the coating drum 10 described above. It
is desirable to preheat the fertilizer particles in a pre-
heater to enhance the attachment thereto of the fer-
tilizer/sulfur bonding layer, although the temperature
of the fertilizer particles should not be raised suffi-
ciently to make the particles tacky. From the preheater
the hot particles are fed continuously to the inlet end 12
of the drum 10. Coated hot particles, produced as de-
scribed above, are discharged from the discharge end 14
of the drum to a fluid bed cooler in which they are
maintained in fluid bed condition and cooled by an
upwardly moving stream of cooling air. The cooled
particles are discharged from the cooler as product.
Conventional equipment may be used for scrubbing the
air streams from the drum 10 and from the cooler, as
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well as for melting the fertilizer and sulfur and pumping
the molten materials to the nozzles 30 and 34. ’

EXAMPLES

A coating drum as illustrated in the drawings was
used to coat urea granules with sulfur only and in other
runs to coated the urea granules first with a urea/sulfur
bonding layer and then with a sulfur layer. The sulfur-
only granules and the layered/coated granules were
subjected to impact tests the results of which showed
that the sulfur coating on the layered granules resisted
cracking of the sulfur coating to a significantly higher
degree than the sulfur-only granules. The layered/-
coated granules therefore have improved delayed-
release characteristics when applied to the soil.

Data for eight runs are contained in the Table. Runs
9, 10-A, 10-B, 10-C, 13 and 14 are sulfur-only runs. Runs
12-A and 12-B are layered/coated runs carried out in
accordance with the present invention. The improved
results using the layered/coated technique are apparent
from comparing the Impact Test Results of Runs 12-A
and 12-B with the other runs.

The 7-day dissolution rate of a sulfur coated urea is a
known test and is a measure of how much of the urea
will go into aqueous solution from a 50 gram sample of
material held at 100° F. for 7 days time. This does not
necessarily reflect what the material will do in the soil
but rather gives a comparison between sulfur coated
products. The lower the 7-day dissolution rate, the
slower the nitrogen release and longer an application to
the soil will last. Dissolution rates between 20 and 50 are
usually sought depending on the targeted market for the
fertilizer.

The impact test referred to in the Table involves
dropping the granules to be tested 4 feet to impact on a
steel plate positioned at a 68 degree angle with the line
of fall of the granules. The granules are fed slowly and
in such a manner that each individual granule strikes the
plate. The impacted granules are then tested for dissolu-
tion rate in water although the dissolution test is not the
same as the 7-day dissolution test. The impact test
should be performed on product granules aged for a
minimum of 7 days because sulfur becomes brittle with
age. The impact tests reported in the Table were per-
formed after the granules had been aged for at least
three weeks. Although the crystalline structure of sul-
fur may continue to change beyond three weeks, the
rate and thus the degree of change is very slow thereaf-
ter. The details of how the 7-day dissolution test and the
impact test are carried out are of no importance to the
present invention and are therefore not described fur-
ther. The significant point is that the granules obtained
from each run were subjected to the same tests, so that
the results of the tests are meaningful for comparison
purposes.

The major variables in the co-spray technique and
coating layer formation involved are listed below:

1. In considering the degree of atomization of the sprays
of urea and sulfur, the sulfur is highly atomized at
1200 1bs/in? of spraying pressure as it enianates from
the flat spray pattern type nozzles used in the test.
However, any reasonable amount of atomization
would probably have a desirable effect. In the tests,
urea was sprayed at approximately 100 Ibs/in? of
pressure, thus, not so finely atomized. In using very
fine urea-suifur dispersion, the urea and sulfur would
be mixed before spraying.
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2. With respect to the ratio of sulfur to urea which is
applied in the bonding layer, it would appear from

the heat of fusions for sulfur and urea, about 17

BTU/Ib and 104 BTU/Ib respectively, that sulfur

crystals are weaker than urea crystals, thus, the inter-

face bonding layer would need more sulfur than urea.

In view of this, tests 12-A and 12-B employed a spray-

ing ratio of molten sulfur to molten urea of 2.5 Ib

sulfur/Ib urea. A lower ratio of sulfur to urea may
provide acceptable results. The suifur in the bonding
layer dilutes the nitrogen content of the final product,
which is undesirable.
3. In considering the amount of bonding mixture which
must be applied, theory indicates that the bonding
layer must have sufficient thickness for the inter-
weave of the crystals of sulfur and urea in order to be
effective. Bonding layer thickness may be as low as 5
microns.
With respect to the temperature of the urea granules
and the urea and sulfur melt at time of bonding layer
application, the lower the substrate temperature, the
more effective the process. This is because the solidi-
fying urea with its high heat of fusion could be used
to preheat the substrate for proper sulfur coating. The
urea granules should be greater than 40° F. for opti-
mum bonding. The substrate temperature is prefera-
bly between 40° F. and 195° F,, but as high as 210° F.,
.to ensure an effective bonding layer. Urea and sulfur
need only to be molten to be effective. A temperature
of molten sulfur above 320° F. may be ineffective. At

a temperature above 300° F. urea begins to decom-

pose, forming ammonia gas at a rapid rate which

could have a deleterious effect on the coating.

As discussed above, the tests showing co-spraying of
urea and sulphur to form a bonding layer consist of two
tests (Runs 12-A and 12-B) performed consecutively
with the only difference being a rate increase in the
granular urea fed to the test plant. The subsequent sul-
fur coating appears to be more tightly bonded to the
urea granules than in comparative tests such as tests 9
and 10. Conclusive results were obtained through use of
the impact test. A description of this test is attached,
“SCU Impact Test Part I and Part I1”, ACT Rev. 1.

Sulfur-coated granules with 36% total sulfur content
and a 63 micron urea-sulfur bonding layer (Run 12-A)
were found to be very resistant to cracking. Granules
tested by a dissolution rate test, before and after impact,
only increased an average of 9.5 percentage points out
of four tests with no sample showing a change over 11.4
percentage points. When the total sulfur content was
25%, with a 38 micron urea-sulfur bonding layer (Run
12-B), the impact resistance was not quite as good with
a 14.3 percentage point increase out of eight tests and
the highest increase being 25 percentage points. In all
impact tests testing other sulfur coated urea products,
the increase in dissolution rate caused by the impact test
was much higher. The average percentage point in-
crease was 40.9. No test resulted in less than a 26.8
percentage point increase, but many had increases of
over 50 percentage points. These values varied for total
sulfur coatings of from 40.1% sulfur to 18.5% sulfur.
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SULFUR-COATED UREA
Impact Test (Part 1)
ACT 2-5-87
Rev. 1

Procedure

1. Weight a normal 50 g sample of sulfur coated urea
(SCU) to the nearest miiligram; drop the sample from a
height of 48" onto a steel plate positioned in a 5 gallon
container and at an angle of 22° from the horizontal.
The samnple should be dropped in a manner such that
each individual granule impacts on the plate and not on
other granules. : ’

2. Drop the sample a second time from 48" onto the
plate in the container.

3. Transfer the sample to a 500 ml, high density, wide
mouth Nalgene bottle.

‘4. Add a nominal 230 g of distilled water (to the
nearest 0.01 g) to the Nalgene bottle.

5. Place the bottle on a Burrell shaker and set the
intensity on 3.

6. Position the bottle in a Magni-Whirl water bath
and shake the sample for 15 minutes at 70° C.

7. Remove the sample from the bath and pipet a vol-
ume of solution using a disposable pipet.

8. Filter a few drops of solution through a folded 9
cm, #541 Whatman filter paper directly onto the stage
of an Abbe refractometer.

9. Read the refractive index, noting the temperature,
and correct to 30? C.

Calculations:

1. Urea in solution, % =

(np @ 30° C.), average — 1.3319
standard slope (= Anp @ 30° C./A % urea)

1.a Urea in solution, % =

(np @ 30° C.) — 1.3323
0.001450303 (= Anp @ 30° C./A % urea)

2. Water in solution, % = 100 - urea in solution, %

3. Weight of urea in sample of SCU, g =

(100 — total coating %)(weight of sample of SCU)

100

4. Weight of urea in solution, g =

(urea dissolved, %)(wt. of water, g)

water in solution, %

wt. of urea in solution

wt. of urea in sample % 100

5. Dissolution rate, % =

Report answer to nearest 0.1%.
Compare dissolution rate from Impact Test (Part

I) to the rate from Impact Test (Part II)

SCU Impact Test (Part II)
ACT 4-23-85
Rev. 1

Procedure
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1. Wt?igh a nominal 50 g sample of SF:U (to the near- -continued
est milligram) into a 500 ml, high-density, wide mouth, (np @ 30° C., average — 1.3319
Nalgene bottle. standard slope (= Anp @ 30° C./A % urea)
2. Transfer 250 ml of water (to the nearest 0.01 g) to 5 fa Urea in solution, % =
the bottle.

(np @ 30° C)) — 1.3323
0.001450303 (= Anp @ 30° C./A % urea)

3. Place the bottle on a Burrell shaker and set the

intensity on 3.
4. Position the bottle in 2 Magni-Whirl water bath 5 waer in solution, % = 100 urea in solution, %

and shake the sample for 15 minutes at 70° C. 10
5. Remove the sample from the bath and pipet a vol- 3 Weight of urea in sample of SCU, g =
ume of solution, using a disposable pipet. (100 — total coating %)(weight of sample of SCU)
100

6. Filter a few drops of solution through a folded 9
cm, #541 Whatman filter paper directly onto the stage

of an Abbe refractometer.
7. Read the refractive index, noting the temperature, urea dissolved, %)(wt. of water, g)

water in solution, %

15 4. Weight of urea in solution, g =

and correct to 30° C.
Calculations: ‘ 5. Dissolution rate, % = Yo urea in solution_ . 0,
wt. of urea in sample

20

1. Urea in solution, % = Report answer to nearest 0.1%.
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What is claimed is:

1. Sulfur coated urea granules having improved resis-
tance to physical damage during handling, each such
granule comprising:

a granule of urea including crystalline urea;

a bonding layer including a mixture of crystalline
urea and crystalline sulfur, coating said urea gran-
ule, said bonding layer crystalline urea being inte-
gral with said crystalline granule urea at the bond-
ing layer-granule interface; and

an outer layer of sulfur including crystallized sulfur,
said outer layer of sulfur being integral with said
bonding layer sulfur at the bonding layer-outer
layer interface, said crystalline urea and sulfur of
said bonding layer being interwoven, enabling said
sulfur outer layer to be tightly bound to said urea
granule.

2. The granule of claim 1 wherein said sulfur of said
bonding layer is present in a concentration between
about 10 to 90% weight of the bonding layer.

3. The granule of claim 1 wherein said bonding layer
has a thickness between about 5 to 100 microns.

4. A sulfur coated plant fertilizer granule having
improved resistance to physical damage during han-
dling comprising:

a granule of fertilizer including a crystalline compo-

nent;

a bonding layer including a mixture of said fertilizer
granule crystalline component and crystalline sul-
fur, coating said granule, said bonding layer crys-
talline fertilizer component being integral with said
fertilizer granule crystalline component at the
bonding layer-granule interface; and

an outer layer of sulfur including crystallized sulfur,
said outer layer sulfur being integral with said
bonding layer sulfur at the bonding layer-outer
layer interface, said crystalline fertilizer compo-
nent of said bonding layer and said sulfur of said
bonding layer being interwoven, enabling the sul-
fur outer layer to be tightly bound to the fertilizer
granule. .

5. The fertilizer granule of claim 4 wherein said sulfur
of said bonding layer is present in a concentration be-
tween about 10 to 90 weight percent.

6. The fertilizer granule of claim 4 wherein said bond-
ing layer has a thickness between about 5 to 100 mi-
crons. )

7. A method of producing sulfur coated urea granules
having improved resistance to physical damage during
handling comprising the following steps:

applying molten urea and molten sulfur, simulta-
neously to the surface of urea granules such that
said urea and sulfur solidify on the surface of said
urea granules forming a layer including urea and
crystalline sulfur; and
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applying molten sulfur alone to the urea-sulfur coated
urea granules such that said sulfur solidifies as a
second coating, forming an outer layer including
crystalline sulfur, thus enabling the sulfur outer
layer to be tightly bound to said urea granules.

8. The process of claim 7 wherein said simultaneously
applied molten urea and molten sulfur are premixed
before application and are applied together.

9. The process of claim 7 wherein said simultaneously
applied molten urea and molten sulfur are applied inde-
pendently of each other.

10. The process of claim 9 wherein said moiten urea
and molten sulfur are applied by independent and simul-
taneous, co-spraying.

11. The process of claim 8 wherein said premixed
molten urea and molten sulfur are applied by spraying.

12. The process according to claim 9 wherein said
spraying is by pneumatic, hydraulic or electrostatic
means.

13. The process according to claim 12 wherein said
spraying pressure is between about 10 to 3000 psig.

14. The process according to claim 11 wherein said
spraying is by pneumatic, hydraulic or electrostatic
means.

_15. The process according to claim 14 wherein said
spraying pressure is between about 10 to 3000 psig.

16. The process according to claim 7 wherein said
molten urea has a temperature between that of the melt-
ing point of urea and 300° F.

17. The process according to claim 7 wherein the
temperature of said molten sulfur simultaneously ap-
plied with said ' molten urea or said molten sulfur applied
alone has a temperature between that of the melting
point of sulfur and 320° F.

18. The process according to claim 7 wherein the
temperature of said granules before being coated by said
simultaneous application of molten urea and molten
sulfur is between about 40° F. and 210° F.

19. The process of claim 7 wherein said production of
sulfur coated granules is a continuous process, said
molten urea and molten sulfur being simultaneously
sprayed onto the surface of said urea granules within an
enclosed apparatus, said urea granules falling through
said sprays as a curtain of granules with subsequent and
separate spraying of molten sufur, alone, with force
ventilation of spray mist from said molten urea and
sulfur, to prevent inclusion of urea in subsequent sulfur
coating.

20. The process of claim 7 wherein said production of
sulfur coated granules is a batch process, said molten
urea and molten sulfur being simultaneously sprayed
onto the surface of said urea granules within an en-
closed apparatus said molten urea spray ending once
co-spraying of molten urea and sulfur is finished, said
sulfur spraying continuing alone to build the required

sulfur coating.
* x Xk x %k



