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P.005 EP 0 523 178 B1 Description This invention relates to a process for
the production of a carrierless granular slow release fertilizer
composition and to the resulting product. 5      A variety of processes for
producing carrierless granular slow release fertilizer compositions are
known and, particularly, processes for producing controlled or slow release
reaction products of urea and formaldehyde for fertilizer applications. For
example, such carrierless products have been produced by reacting a
area-formaldehyde resin into a solid shoot which is milled and screened to
provide a granular product having a desired particle size. A typical U/F
mole ratio used for producing the product is in the 10  range of 1.1 to 2.1
and the resulting product contains predominantly long chain methylene urea
polymers (i.e., tetramethylene pentaurea (TMPU) and longer chain polymers)
Such products and processes are disclosed. for example, in US Patent No.
3,198.761. Other known processes for producing carrierless granular slow
release fertilizer products are disclosed. for example. in US Patent
3.076.700; 3,705,794 and 3.989,470. Essentially, these carrierless products
are is  produced by reacting urea-formaldehyde resins into rigid foams
which are dried, milled and screened to the desired granular size. Typical
U/F mole ratios used for these processes range from 1.3 to 2.4 and; as
opposed to the technology disclosed in US Patent No. 3.198,761 which is
suitable solely for production of nitrogen only products, the processes
disclosed In these patents have the flexibility of producing complex
fertilizers by slurrying other finely ground additives such as phosphorus
and/or potassium salts into the 20 resin pnor to the foaming reaction. The
products produced by these processes contain predominantly intermediate
chain length methylene urea polymers (i.e.. trimethylene tetraurea (TMTU)
and longer chain polymers). US Patent 4,025,329 discloses another process
for producing a carrierless product. In this process a granular product is
formed, lor example, in accordance with the disclosures in US Patents
3,705,794 and 25   3,989,470 and then the granules are compacted with other
nutrient or pesticide additives to produce a product of uniform composition
and particle size. U/F mole ratios employed to produce this slow release
product are in a range of 1.3 to 2.4, the density of the granule produced
is greater than 1.4 and the granular size is greater then 30 mesh, with
substantially all of the granules having a ratio of largest to smallest
granule of less than 3:1. so     US Patents 4,378,238 and 4,411.683
disclose, inter alla, a process for producing carrierless slow release
granular products having at least 60% of the polymeric nitrogen in the form
of methylene diurea (MDU) and dimethylene triurea (DMTU). The process
disclosed therein for producing carrierless product is a two stage process
wherein an aqueous mixture of urea, formaldehyde and ammonia is first
reacted at elevated temperatures to produce methylol ureas. Then, in a
second stage, acid is added directly to the 35  reaction mixture and the
acidified mixture is reacted and the condensation reaction product is dried
and milled into the final product. Typical U/F mole ratios for these
carrierless products range from 1.9 to 2.2. A further experimental process
for producing ureaform fertilizer products is disclosed in an article
entitled "Reactions of Molten Urea with Formaldehyde," by Thomas P. Murray
et. al., published in Ind. Eng Chem. Prod. Res. Dev., 1986, at pages
420-425. The process disclosed therein entails the reaction of 40  molten
urea with paraformaldehyde either by mixing paraformaldedyde into melted
urea at temperatures of between 130 degrees and 140 degrees C or by
premixing the paraformaldehyde with the urea and heating the solid mixture
to 130 degrees C with stirring. Thereafter, the molten reaction mixture
resulting from either of the procedures is cooled to form a solid sheet and
the sheet is then ground. U/F mole ratios used under the laboratory-scale
conditions described in the publication ranged from 0.5 to [err]. 45
However, each of the previously known processes for producing carrierless
granular slow release fertilizer products has been found to have certain
shortcomings in terms of the physical or chemical characteristics of the
products produced thereby and/or the economics of production. For example,
the process disclosed in US Patent 3,198,761 is restricted to nitrogen only
fertilizers. Furthermore, products produced by this process have been found
to demonstrate nitrogen release patterns which are not well so suited to
certain applications such as turf and short season crops. Similarly the
products resulting from use of the experimental process disclosed in the
above referenced article are restricted solely to nitrogen only fertilizer
compositions. 



The processes disclosed in US Patents 3,076,700; 3,705.794 and 3,989,470
represent an advancement in respect to their ability to produce a wide
variety of N-P-K minor element ratios in the products and are 55  not
restricted to the production of nitrogen only products. However. even these
processes are restricted in the range of N-P-K ratios in view of the limit
on the amount of solids which can be slurried into the urea- formaldehyde
resin without adversely impacting the condensation reaction. Furthermore.
the products produced In accordance with the disclosure of US Patents
3,076.700; 3,705,974 and 3.989,470 have been 2    97(THU)  15:11    JONES
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P.006 EP 0 523 178 B1 found to be quite fragile and dusty. The process of
patent 4,025,329 produces high density granular products of uniform
granular size. The process also enables the incorporation of other
fertilizer ingredients into the product and provides flexibility as to the
N-P-K minor element ratios which can be produced. However the product does
present a dust s  plume problem resulting from surface adhesion of dust to
the product during the manufacturing process when the product is poured
from its storage container. Furthermore, the products produced present the
same performance problems as noted above in regard to the processes
disclosed in US Patents 3.076.700; 3,705,794 and 3,989,740. Additionally,
these high density products have been found to present a disper- sibilily
problem in regard to their use on turf. In this regard, these products do
not disperse adequately to 10  penetrate the turf canopy after application.
Thus, the product remains on the surface to be picked up on shoes, golf
balls and the like as they travel over the turf. In regard to the process
disclosed in US Patents 4.376.238 and 4.411,683 as it relates to
carrierless products, it has been found that the process therein cannot be
economically or feasibly conducted to produce commercially acceptable
carrierless products. Carrierless products as referred to herein are 15
intended to include products which do not employ an absorbent carrier
capable of absorbing liquids to provide a granular structure to the fnal
product. That is in carrier based systems, the volume of the product is
quite close to the sum of the volumes of the raw materials. This is because
the carrier creates the volume structure upon which the product Is formed.
Thus, the product to feed volume ratio (P/F) for absorbent carrier based
fertilizers is essentially 1. Experimental determinations have shown a
range of 0.8 to 1.1. 20  Typical examples of commonly used carriers which
are not required for use in forming products of the present invention are
vermiculite. perlite and comcobs. Accordingly, none of the prior processes
are suitable for producing carrierless granular slow release fertilizer
compositions having the desired characteristics either because of process
or product shortcomings such as the cost effectiveness of the process, the
ability to include additive products in the urea- 2s  formaldehyde reaction
product and the physical properties of the product. In terms of physical
properties, the prior art products have exhibited undesirable
characteristics regarding dusting and dispersibility. It is a primary aim
of the present invention to provide a cost effective process for producing
carrierless slow release nitrogen containing fertilizer products in
granular form. Another aim Is to provide a process for producing
carrierless slow release nitrogen containing fertilizer 30  products which
is readily adaptable for the inclusion of a wide variety of additive
ingredients including plant nutrients, pesticides such as herbicides,
insecticides, fungicides and the like in any desired concentration or
amount without negatively impacting the physical and chemical properties of
the products. A further aim is to provide a carrierless slow release
nitrogen containing fertilizer product having desired physical and chemical
properties, for example. in regard to chain length off nitrogen polymers in
the 35  product. nitrogen release pattems provided in use of the products,
hardness and dust free nature of the product and the dispersibility
characteristics of the product. A more specific aim of this invention is to
provide a process for producing a slow release granular methylene urea
fertillzer product without a carrier from small particulate raw materials
bound together within a urea-formaldehyde resin matrix formed from a molten
urea-formaldehyde resin having a UF ratio in the 40  range of about 2A to
13.5 and to the product produced thereby. With the foregoing and other aims
in mind, the present invention provides a process of preparing a 



carrierless solid granular slow release urea-formaldehyde fertilizer
composition, the granules having an abrasion index of about 0.850 to about
1.000 comprising: preparing a molten urea-formaldehyde resin composition by
mixing urea and formaldehyde at a molar 45  ratio of urea to formaldehyde
ranging from 2A to 13.3 and heating the resulting mIxture until essentially
all of the formaldehyda in the mixture Is fully reacted; spraying said
molten urea-formaldehyde resin composition onto finely divided solid
particles which comprise active ingredients and cooling said sprayed
product to solidify said resin composition providing a matric within which
said solid particles are bound. so     The abrasion index, which is
indicative of the granular materials ability to withstand mechanical
processing (i.e., its resistance to attrition), is determined by the
following test procedure: 1. A 100 gramn test sample of granular product
was prescreened to a lower limit of 14 US mesh for -6+14 mesh granules or
25 US mesh for -10+25 mesh granules and was deposited on a clean limit
screen; 5s    2. Stainless steel balls (aboul thirty one 5/8 inch diameter
balls having a total weight of 500 grams) were added to the screen with the
test sample: 3. The screen with the granular test sample and the stainless
steel balls was introduced into a lidded Rotap sieve shaker (with hammer)
hawing a collections pan positioned beneath the screen: 3    EB   20'
97(THU)  15:11    JONES DAY                                     TEL:1 312
782 0534                          P.007 EP 0 523 178 B1 4. The Rotap
assembly was operated for five (5) minutes; and, thereafter, the balls were
removed from the screen and the final product on the limit screen was
weighed; and 5. The abrasion index was calculated by determining the ratio
of the final weights of product to its initial weight (i.e., 100 grams). 5
In the process of this invention a mixture of urea and formaldehyde is
prepared having a molar ratio of urea to formaldehyde ranging irom 2.4 to
13.3 depending on the desired methylene urea chain length and the level of
slow release nitrogen desired in the final product This reaction mixture is
then heated to a temperature of from about [err]  to about  [err] and the
heating of the mixture is continued for a period of time until essentially
all of the formaldehyde in the mixture is fully reacted and a 10  molten
urea-formildehyde resin is formed. Preferably, this heating is conducted
over a period of time of about 1/2 to about 2 hours and, most preferably,
for a period of about 1 hour. Normally, during this heating operation. at
least about 60% of the water in the mixture is evaporated out of the
mixture; although, the moisture may be removed subsequent to the reaction
by appropriate techniques, if desired. The process of the present Invention
is intended to produce products which do not use carriers. 15 Instead,
small finely divided solid raw material particles are built up into a
fertilizer granule by spraying the molten ures-Formaldehyde resin resulting
from the heating step onto these particles at a controlled rate and in a
manner such that the particles are essentially "glued" together to form a
final granular product. The size of the solid particles onto which the
molten resin is sprayed is a critical factor in the production of the
products of this Invention. Specifically, particle sizes expressed in terms
of Size Guide Numbers (SON) in 20 the range of about 40 to 90 have been
found to be acceptable for use herein although an SGN range of about 45 -
65 is preferred. The term Size Guide Number (SGN) as employed herein is the
calculated diameter of the "average particle" expressed in millimeters to
the second decimal and then multiplied by 100. More precisely, SGN is that
particle size which divides the mass of all particles in two equal halves,
one having all the larger size particles and the other half having all
smaller size particles. 25     The composition of the finely divided solid
particles for use herein to produce the final granular product is
essentially a matter of choice among a wide variety of solid raw materials
including sources of primary, secondary and minor element plant nutrients,
pesticides, adjuvants or other desirable additives such as fillers. Thus,
the present process provides a virtually limitles  potential for producing
suitable granular products having a wide range of N-P-K ratios by
incorporating phosphorus and/or potassium nutrients 30 therein, for
example, as particulate [err] or [err] or [err] and. if desired, including
a wide diversity of 



other plant nutrients, micronutrients, pesticides and other additives and
adjuvants. In the practice of the process of this Invention. the molten
area-formaldehyde resin is sprayed on the finely divided solid particles in
a suitable spray chamber such as a rotating drum or some other suitable
agglomerator such as a fluid bad or pugmill. The rate of resin addition has
been found to be important in 35 the formation of the desired granules. For
example, if the spray rate is too low, proper agglomeration will not be
achieved. In this regard, it has been found that preferred rates for
spraying the molten urea- formaldehyde resin on N-P-K particles (expressed
in terms of weight percent resin/weight percent additives in the product)
should be in a range of about 0.5 - 5.0. The temperature of the sprayed
resin and of the ambient surroundings within the spray chamber during
spraying have been found to be important in producing products having the
desired physical properties. Specifically, the temperature of the resin
must be cooled sufficiently after spraying to solidify in order to fuse or
bond the finely divided particles within a matrix formed by the
urea-formaldehyde resin. With regard to the temperature of the chamber, it
must be maintained at a level such that the resin will be capable of
cooling sufficiently to solidify without remaining in a liquid or molten
state. Preferably, the temperature of the chamber should not exceed about
[err] 45 [err] since the particles sprayed with the resin have been found
to become "sticky" or "gummy" at temperatures above [err] . It should be
noted that the process for producing the final granulated products herein
is not pH dependent as is the case with many of the prior processes.
Furthermore, it is of particular note that the products emerging from the
spray chamber constitute the finished granular products of the present so
invention and no separate primary milling or crushing stage is required to
produce the final granular product as has been standard practice in the
production of essentially all prior products. This feature renders the
present process more energy efficient in operation than prior systems and
enables implementation thereof at lower capital expense than has been
possible heretofore. In the present process. after the granular product is
removed from the spray chamber, it is cooled to 55 further harden the
granules as well as to accommodate the handling of the finished product.
Then, the granules are screened to separate out "oversize" granules and
"fines". The "oversize" granules are milled in a secondary milling
operation to reduce the granule size and are rescreened. The "fines" or
undersized granules are recycled directly back into the spray chamber or
agglomerator for further granule build up. The 4    20 97(THU)  15:12
JONES DAY                                      TEL:1 312 782 0534
P.008 EP 0 523 176 B1 resulting screened "on-size" granular nitrogen
containing fertilizer products are ready for packaging and distribution.
These granular products have been found to exhibit high physical integrily
and hardness to be oF uniform granular size and to be homogeneous in
chemical composition. Additionally, the products produced by this process
were found to be dust free, to be easily dispersed when contacted with
water and 5  to require significantly less push effort when applied to turf
in "drop spreaders" as compared with prior N- P-K fertilizers of similar
granule size. Furthermore, the U/F ratio of the urea-formaldehyde resin
forming the matrix structure of the final product of the present invention
dictates the methylene urea polymer distribution and the nitrogen release
characteristics of the product. Thus. products produced in accordance with
the present invention are slow 10 releuse nitrogen products which include
at least 15% of the total nitrogen therein as compounds possessing slow
release properties such as methylene diurea (MDU) and are made with U/F
ratios of up to about 13.3 in order to provide the required level of slow
release nitrogen in the product. The lower limit of U/F ratios to be
employed in the products at this invention has been found to be about 2A
and, the preferred range of U/F ratios is from about 2.7 up to about 13.3.
In this regard. It should be noted that the relatively low 15 quantities of
formaldehyde employed herein relative to the urea content results in a
significant aconomic advantage compared with prior commercially available
formulations. The following examples are specific illustrations of the
practice of the invention in accordance with the foregoing process. All
parts and percentages are by weight unless otherwise indicated. 20 EXAMPLE
1 



Finely divided particles of muriate of potash (KCI) and mancanmonlum
phosphate (MAP) were metered at a rate of 85.7kg (189 lbs)/hour KCI (0.076
[err] (2.7 cubic feetyhour) and 77.6kg (171 lbs)/hour MAP (0.082 [err] (2.9
cubic Feeet)/hour), as solids into a drum granulator. The particle sizes of
the solid KCI and MAP raw 25 materials employed herein were as follows: RAW
MATERIAL                      U.S. SIEVE DISTRIBUTION
SIZE (SGN) KCI                        0.5   20  3724              9    4
0.5       49.6 MAP                 0.2  2.4   5   12  25  33   16    5
1.4      47.4 Granulation of these particulate solids was accomplished by
spraying the raw material paricles on the as moving bed of the rotating
drum with a molten resin composition of urea and methylene ureas at a rate
of 743.5kg (1639 lbs)lhour (0.585 [err] (21.0 cubic feet)/hour). The molten
resin composition had a U/F mole ration of 4.0 and was prepared by mixing
prilled urea fed at a rate of 675.0kg (1488 lbs)hour and urea- formaldehyde
concentrate led at a rate of 146kg (327 lbs)hour in a stirred tank reactor
and heating the mixture to a temperature of [err]. The area-formaldehyde
concentrate used was UFC-85. a 40  precondensed solution of formaldehyde
and urea containing substantial amounts of free formaldehyde and dimethylol
ureas. The residence time In the reactor was one hour during which time the
mixture was maintained at [err] . During this one hour period, the U/F
condensation reaction was essentially completed with essentially all of the
formaldehyde in the mixture being fully reacted and the water in the
mixture (water of reaction and water from the UFC-85) was removed by
evaporation resulting in the 45 production of 743.5kg (1639 lbs)/hour of
molten resin composition consisting of urea and polymerised methylene ureas
containing 3.8% water. The molten resin was sprayed onto the raw material
particles at a resin to solids ratio of 4.6 (feed rate resin/feed rate
solid raw materials which is equivalent to the ratio of weight percent
resin/weight percent raw materials) and the resulting agglomerated granules
were then cooled and screened to a minus 10 plus 25 so  mesh size (U.S.
Sieves). Oversize granules were milled and rescreened. Undersize granules
or "lines" were returned to the drum granulator for additional
agglomeration. The resulting product had an abrasion Index of 0.954 as
determined by the procedure set forth hereinabove utilizing a 25 US mesh
limit screen. Furthermore, the product had a bulk density of 573 [err]
(42.0 lbs)/cubic foot and was produced at a rate of 9072 kg (2000.0
Ibs)hour (1.35 [err] (47.6 cubic feet)- s5 /hour). The volume ratio of
product to feed materials (P/F) for the product was 1.79. Furthormore, the
final product had an average particle size expressed as a Size Guide Number
(SGN) of 127.2 based on the following percentages of product retained on
each sieve in a nest of sieves: 5    EB. 20 97(THU)  15:12    JONES DAY
TEL:1 312 782 0534                        P.009 EP O 523 178 B1 U.S. SIEVE
DISTRIBUTION The product produced was a carrierless controlled release
granular N-P-k fertilizer having a high resin to solids ratio with the
following chemical analysis (in weight percent): Total N - 36.0; Total
[err] - 42: Total [err] - 5.7; Total [err] - 0.6 and the pH was 5.2. Also,
the product has a fast release nitrogen content as a in  percent of total
nitrogen of 54.8 including 54.0% Urea N and 0.8% ammoniacal N. The slow or
controlled release nitrogen content as a percent of total nitrogen was
45.2. Example 2 15     A Second product was produced in accordance with the
process of Example 1 utilizing the same raw material particles fed at the
sames rates and resin composition sprayed at the same rate as in Example 1.
However, the granular size of the products produced in this Example was
enlarged by screening the granules (after they emerge Irom the drum
granulator and have been cooled) to a minus 6 plus 14 mesh particle size
(U.S. Sieves). 20     Analysis of the resulting product indicated chemical
properties which were essentially the same as the product of Example 1 but
the physical properties set forth In the following table show a
substantially larger granular size (SGN - 197.4) with approximately the
same bulk density (882 [err] (42.6 lbs/cubic foot)). The P/F volumetric
ratio for this product was 1.78 and the abrasion index was 0.925, as
determined by the 



procedure set form hereinabove utilizing a 14 US mesh limit screen. 25
Example 3 35     This Example illustrates the production of a slow release
granular N-P-K product (31-3-12) produced with a relatively low resin to
solids ratio without the use of an absorbent carrier. Finely divided
particles of murlate ol potash (KCI) and monoammonium phosphate (MAP)
(having the same particle size as Set forth for the raw materials in
Example 1) were metered at a rate of 191kg (421 lbs)/hour KCI (0.17 [err]
(6.0 cubic feet)/hour) and 59.4 kg (131 lbs)/hour MAP (0.062 [err] (2.2
cubic feet)- 40  /hour), as solids, into a drum granulator, Granulation of
these particulate solids was accomplished by spraying the raw material
particles on the moving bed of the rotating drum with a molten resin
composition of urea and methylene ureas at a rate of 656.8 kg (1448.0
lbs)/hour  [err] (186 cubic feet)/hour). The molten resin composition had a
mole ratio of 4.0 and was prepared by mixing prilled urea fed at a rate of
596.5 kg (1315 lbs)/hour and urea- 45  formaldehyde concentrate (UFC-85)
fed at a rate of 131 kg (289 lbs)/hour in a stirred tank reactor and
heating the mixture to a temperature of [err]  The residence time in the
reactor was one hour during which time the mixture was maintained at [err]
During this one hour period. the U/F condensation reaction was assentially
completed with essentially all of the lormaldehyde in the mixture being
fully reacted and the water in the mixture (water of reaction and water
erom the UFC-85) was removed so  by evaporation resulting In the
production of 56.8 kg (1448.0 lbs)/hour of molten resin composition
consisting of urea and polymerized methylene areas containing 3.8% water.
The molten resin was sprayed onto the raw material particles at a resin to
solids ratio of 2.8 (feed rate resin/feed rate solid raw materials which is
equivalent to the ratio of weight percent resin/weight percent raw
materials) and the resulting agglomerated granules were then cooled and
screened to a minus 10 plus 25 as mesh size (U.S. Sleves). Oversize
granules were milled and rescreened. Undersize granules or "lines" were
returned to the drum granulator for additional agglomeration. The resulting
product had an abrasion index of 0.992 as determined by the procedure set
for hereinabove utilizing a 25 US mesh limit screen. Furthermore, the
product had a bulk density of 995 [err]    97(THU)  15:12    JONES DAY
TEL:1 312 782 0534                        P.010 EP 0 523 178 B1 (43,4
Ibs/cubic foot) and was produced at a rate of 907 kg (2000.0 Ibs)/hour
(1.31 [err] (46.1 cubic feet)/hour. The volume ratio of the product to feed
materials (P/F) for the product was 1.72 and the final product had an
average particle size expressed as a Size Guide Number (SGN) of 141.3 based
on the following percentages of product retained on each sieve in a nest of
sieves: 5 70 The product produced had the following chemical analysis (in
weight percent): Total N - 31.7; Total [err] - 3.2; Total [err] - 12.6;
Total [err] - 0.9 and the pH was 5.4. Also the product had a fast release
nitrogen content as a percent of total nitrogen of 51.6 including 51.0%
Urea N and 0.6% ammomacal N. 15  The slow or controlled release nitrogen
content as a percent of total nitrogen was 46.4. Example 4 This Example
illustrates the production of a slow release granular N-P-K product similar
to the product 20 produced in Example 3 except that particles of sulfate of
potash [err] were substituted as the potassium source in the product and
the urea-formaldehyde resin employed had a significantly lower U/F mole
ratio (U/F - 3.4). Finely divided particles of sulfate of potash [err] and
monoamrnmonlum phosphate (MAP) were metered at a rate of 198 kg (433
lbs,)/hour [err] (4.9 cubic feet)/hour) and 51.2 kg (135 lbs)/hour 25 MAP
(0.062 [err] (2.2 cubic feet)/hour). as solids, Into a drum granulator. The
particle sizes of the solid [err] and MAP raw materials employed herein
were as follows: RAW MATERIAL                     U.S. SIEVE DISTRIBUTION
SIZE (SGN) 35     Granulation of these particulate solids was accomplished
by spraying the raw material particles on the 



moving bed of the rotating drum with a molten resin composition of urea and
mathylene ureas at a rate of 649.6 kg (1432.0 Ibs)/hour (0.521 [err] (18.4
cubic leen)/hour). The molten resin composition had a mole ratio of 3.4 and
was prepared by mixing prilled urea fed at a rate at 597.2 kg (1277
lbs)/hour and urea- formaldehyde concentrate (UFO-85) fed at a rate of 151
kg (333 lbs)/hour in a stirred tank reactor and 40  heating the mixture to
a temperature of [err] . The residence time in the reactor was one hour
during which time the mixture was maintained at [err]. During this one hour
period, the U/F condensation reaction was essentially completed with
essentially all of the formaldehyde in the mixture being fully reacted and
the water in the mixture (water of reaction and water from the UFC-B5) was
removed by evaporation resulting in the production of 539.6  kg (1432.0
lbs)/hour of molten resin composition 45  consisting of urea and
polymerized methylene araes containing 3.8% water. The molten resin was
sprayed onto the raw material particles at a resin to solids ratio of 2.5
(feed rate resin/feed rate solid raw materials which is equivalent to the
ratio of weight percent resin/weight percent raw materials) and the
resulting agglomerated granules were thin cooled and screened to a minus 10
plus 25 mash size (U.S. Sieves). Oversize granules were milled and
rescreened. Undersize granules or "fines" were 50  returned to the drum
granulator for additional agglomeration. The resulting product had an
abrasion index of 0.981 as determined by the procedure set forth
hereinabove utilizing a 25 US mesh limit screen. Furthermore, the product
had a bulk density of 687 [err] (42.9 lbs/cubic foot) and was produced at a
rate of 907 kg (2000.0 lbs)/hour [err] (46.6 cubic feet)/hour). The volume
ratio of product to feed  materials (P/F) for the product was 1.83.
Furthermore, the final product 55 had an average particle size expressed as
a Size Guide Number (SON) of 145.4 based on the following percentages of
product retained on each sieve in a nest of sieves: 7    EB.   20 97(THU)
15:13    JONES DAY                                   TEL:1 312 782 0534
P.011 EP 0 523 179 B1 U.S. SIEVE DISTRIBUTION 5 The product produced had
the following chemical analysis (in weight percent): Total N - 31.5; Total
[err] - 3.3; Total [err] - 10.5: Total [err]  1.1 and the pH was 5.3. Also,
the product had a last release nitrogen content as a percent of total
nitrogen of 46.6 including 46.0% Urea N and 0.6% ammoniacal N. 10  The slow
or controlled release nitrogen content as a percent of total nitrogen was
53.4. Example 5 An N-P-K product (16-0-30) was produced by metering finely
divided solid particles of sulfate of potash 15  [err] at a rate of 1139 kg
(2511 lbs) [err] (0.799 [err] (28.2 cubic feet)/hour) into a drum
granulator. The particle sizes of the solid [err] raw material employed
herein were the same as set forth in Example 4 having an SGN of 88.8.
Granulation of the particulates was accomplished by spraying the raw
material particles on the moving bed of the rotating drum with a molten
resin composition of urea and methylene ureas at a rate of 675.4 kg 20
(1489 lbs)/hour (0.541 [err] (19.1 cubic feet)/hour). The molten resin
composition had a mole ratio of 4.0 and was prepared by mixing prilled urea
fed at a rate of 613.3 kg (1362 lbs)/hour and urea-lormaldehyde concentrate
(UFC-85) fed at a rate of 135 kg (207 lbs)/hour in a stirred tank reactor
and heating the mixture to a temperature of [err].  The residence time in
the reactor was one hour during which time the mixture was maintained at
[err]. During this one hour period. the U/F condensation reaction was 25
essentially completed with essentially all ol the lormaldehyde in the
mixture being fully reacted and the water in the mixture (water of reaction
and water from the UFC-65) was removed by evaporation resulting In the
production of 875.4 kg (1489 lbs)/hour of molten resin composition
consisting of urea and polymerzed methylene ureas containing 3.8% water.
The molten resin was sprayed onto the raw material particles at a resin to
solids ratio of 0.6 (feed rate so  resin/feed rate solid raw materials
which is equivalent to the ratio of weight percent resin/weight percent raw
materials) and the resulting agglomerated granules were then cooled and
screened to a minus 10 plus 25 mesh size (U.S. Sieves). Oversize granules
were milled and rescreened. Undersize granules or "fines" were 



returned to the drum granulator for additional agglomeration. The resulting
product had an abrasion index of 0.860 as determined by the procedure set
forth 35 hereinabove utilizing a 25 mesh US limit screen. Furthermore, the
product had a bulk density of 908 [err] (56.7 lbs/cubic foot) and was
produced at a rate of 1814 kg (4000.0 lbs)/hour (2.0 m3 (70.5 cubic
feet)/hour). The volume ratio of product to feed materials (P/F) for the
product was 1.40. Furthermore. the final product had an average particle
size expressed as a Size Guide Number (SGN) of 107.3 based on the following
percentages of product retained on each sieve in a nest ol sieves: The
product produced had the following chemical analysis (in weight percent)
Total N - 16.0; Total [err] - 0: Total [err] - 30.6; Total [err] - 0.4 and
the pH was 8.0. Also, the product had a fast release nitrogen content as a
percent of total nitrogen of 55.0 derived from Urea N. The slow or
controlled release so  nitrogen content of the product as a percent of
total nitrogen was 46.0. Example 6 Control samples were prepared of prior
an compositions with UF ratios greater than 2.4 utilizing 55  expanded
vermiculite as an absorbent carrier to provide the granular structure of
the final product. The presence or this absorbent carrier diluted the N-P K
analysis of the product For example a carrier based product with an N-P-K
ratio similar to the product produced in Example 1 was found to have a
30.2-3.1-4.0 analysis because of the dllution of the absorbent carrier.
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control products used for analysis in this Example were  produced by
spraying 67.9% (by weight) of a area methylene urea resin (u/F = 4.0) onto
expanded vermiculite. and finely divided KCl and MAP at weight percents of
19.5%. 6.5%, and 6.1 respectively. The resin was absorbed into the porous
vermiculite and simultaneously vet the surface of the carrier. The finely
divided P and K salts adhered to the waited surface. The final product had
a bulk density of 400 kg/[err](25 lb/cu ft) and an average particle size
(SGN) of 118.0. Due to the presence of the absorbent carrier the volume of
the product was essentially equal to the volume of the raw materials (P/F
volume ratio = 0.9). Additional products were prepared In order to
determine the minimum amount of vermiculite carrier which could be used in
producing the control products of this Example. These products were
produced as 10 described above except that the amount of expanded
vermiculite was reduced to the point where it could no longer absorb the UF
resin. This level was equal to 8.9 percent by weight of the raw materials.
The resulting product had a 34.6-3.7-4.6 analysis. Its bulk density was 545
kg/[err](34.0 lb/cu ft). The volumetric ratio of product to feed (P/F) was
1.1 demonstrating that with absorbent carrier based products, the volume of
the product essentially equals the sum of the volumes of the raw materials.
Example 7 This example illustrates the advantages of the products of the
present invention in terms of disper- sibility, dusting and product
utilization as compared with prior carrierless products produced in
accordance 20 with the disclosure of US Patent 4,025,329. For purposes of
the comparative testing the products of Example 3 and 5 were employed as
representative samples of the present invention. In regard to
dispersibility of the products, it should be noted that this is an
important product feature in that it relates 10 the potential for a product
to disperse down into the turf canopy after watering. This is especially
important on dense turf such as putting greens. Failure to disperse leads
to performance 25 problems such as speckled greening response, particle
pickup by shoes and equipment and prolonged product visibility. A
laboratory test was devised to quantify dispersibility. The following
procedure was employed: 1. Screen materials to a 12+1 mesh (U.S. Sieves)
size to remove any effects of differing particle size. 2. Weigh 10.00 grams
of sample Into a 400 ml beaker. so    3. Add 100 ml of distilled water. 4.
Stir constantly on a magnetic stirrer for 3 minutes (speed  2 on a 6 speed
unit). 5. Pour the beaker contents onto a 25 mesh sieve (U.S. Sieves).
Rinse the beaker with 100 ml of distilled water. 



8. Rinse the fertilizer on the sleve for 15 seconds with a low pressure
water stream through a flaring 35    nozzle. 7. Transfer the contents of
the Sieve to a preweighed sheet of brown paper. Sharp raps with the screen
to a counter top sufficiently removes the fertilizer. 8. Place the paper in
a drying oven (50-70 C) until dry. 9. Allow the paper to cool. Weigh the
paper plus fertilizer and determine weight of remaining fertilizer. 40
10. Calculate the % dispersibility 100 X (10.00-ry10.00 = % dispersibility
where r =weight of remaining fertilizer 45     In accordance with this test
procedure. the dispersibilities ware determined for the products of
Examples 3 and 5 and for products of similar analysis (N-P-K) produced in
accordance with the disclosure in US Patent 4.025,329. The results of this
testing were as follows: so                               Test Product
N-P-K    Diperaibility Example 3    31-3-12      99.4% Prior Art    31-3-10
95.8% Example 5    16-0-30      95.9% Prior Art    16-0-30      74.8% From
the foregoing tabulated test results, it can be seen that the products of
this invention display superior dispersibility characteristics.    EB.
20'97(THU)  15:13    JONES DAY                                    TEL:1 312
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conducted to illusirate that products of this invention require less push
effort and are better suited to "drop spreaders" than prior art products
having similar analysis which are produced in accordance with the
disclosure in US Patent 4,025,329. To demonstrate this. all samples were
screened to a specific sieve size (-12+16 mesh, U.S. Sieves) to 5
eliminate particle size effects. The hopper of a laboratory model "drop
spreader" (Scott Model PF-3) was filled with material, so that the agitalor
bar was covered. The spreader setting was set at "8".The push effort was
determined by measuring the torque needed to turn the axle of the spreader
with the flow control bar in the "closed" position. Results of this testing
were as follows: 10                           Product    N-P-K    Push
Effort-Torque (in-lb) Example 3   31-3 12           3-6 Prior Art
31-3-10          6-16 Example 5   16-0-30           2-4 15
Prior Art   16-0-30             5-13 As shown, products of this invention
were shown to require substantially less push effort to apply with a "drop
spreader" than the comparative samples. A further test was conducted to
demonstrate that products of this invention do not have the inherent
problems with dusting characteristics common to prior art samples of
similar analysis. Samples from Examples 3 and 5 and corresponding prior art
samples produced in accordance with the disclosure In US Patent 4,025,329
were screened to a specific granular size (-12 + 16 mesh, U.S. Sieves) to
remove any effects of small granules. Each screened material (300 grams)
was then poured through a funnel with a 9.5mm (3/8 inch) notice at a rate
of 10-16 grams per second and was collected in a 400 ml beaker positioned
one foot below the tunnel. Visual notation was made of any dust plume
coming off the beaker and the results were tabulated as follows; Product
N-P-K    Dust Plume Example 3   31-3-12        No Prior Art    31+10
Yes Example 5   16-0-30      No Prior Art    16-0-30     Yes 35 



Although all of the test samples were prescreened to remove fine granules,
the prior art samples still generated a dust plume when poured from the
bag. This is due to surface adhesion of dust during the manufacturing
process. Products in accordance with the present invention had no surface
dust adhering to them and consequently produced no dust plume. 40     The
invention has been illustrated with specific examples of fertilizer
compositions. Many other nutrients. as well as micronutrients. and control
chemicals such as herbicides, fungicides and insecticides may be employed
in the products produced by the process of the invention. Examples of other
additives are shown in the aforementioned U.S. Patents 3,076,700. 3,231,363
and 3,705,794. Other additives are likewise set forth in Farm Chemicals
'90, Meister Publishing Company. 1990. Other pesticides which may 45   be
used are shown in the Pesticide Manual, 6th Edition, British Crop
Protection Council, 1980. Other herbicides which may be used are shown in
Weed Control. 2nd Edition, 1962. Robbins at al., McGraw-Hill Book Company,
Inc.. New York. New York. Other fertilizer nutrients which may be used in
combination are shown in Commercial Fertilizers, 5th Edition, 1955.
Collings, McGraw-Hill Book nc, New York. New York. 50  Claims 1. A process
of preparing a carrierless wild granular slow release urea-formaldehyde
fertilizer composi- tion, the granules having an abrasion index of about
0.850 to about 1.000 comprising: preparing a molten urea-formaldehyde resin
composition by mixing urea and formaldehyde at a 55     molar ratio of area
to formaldehyde ranging from 2.4 to 13.3 and heating the resulting mixture
until essentially all of the formaldehyde in the mixture is fully reacted;
spraying said molten urea-formaldehyda resin composition onto finely
divided sold particles which arise active ingredients and cooling said
sprayed product to solidify said resin composition providing a 10    EP 0
523 178 B1 matrix within which said solid particles are bound. 2. The
process of claim 1 wherein said heating is at a temperature of about  [err]
to about [err]. 3. The process of claim 2 wherein said heating is for a
period of about 1/2 to about 2 hours. 4. The process of claim 1 wherein
said spraying is performed at a rate of about 0.5 to about 5.0 (weight
percent resin composition/weight percent finely divided solid particles).
10 5. The process of claim 1 wherein said solid particles have a particle
size in the range of about 40-90 SON. 6. The process of claim 1 wherein
said solid particles are selected from the group consisting of primary, 15
secondary and minor-element plant nutrients, micronutrients. pesticides and
mixtures thereof. 7. The process of claim 1 wherein said heating is for a
period sulficient to evaporate at least 60% of the water in the mixture. 20
8.  The process of claim 1 wherein said molten urea-formaldahyde resin
composition is sprayed onto said particles in a spray chamber having an
ambient temperature within the spray chamber such that the resin will cool
suffieciently to solidify. 9. The process of claim 6 wherein said
temperature in said spray chamber is less than about [err] 25     [err].
10. The process of claim 8 wherein said spray chamber is a rotating drum.
11. A carrierless granular slow release methylene urea fertilizer
composition consisting essentially of hard 30     granules of said
methylene arae having an abrasion index of about 0.850 to about 1.000; each
of said granules containing finely divided solid particulate materials:
said granules being formed by spraying an essentially fully reacted, molten
urea-formaldehyde resin composition having a molar ratio of urea to
formaldehyde of 2.4 to 13.3 on said particulate materials and cooling the
resulting sprayed product 10 solidify the resin composition providing a
matrix within which said solid particles are bound. 12. The fertilizer
composition of claim 11  wherein said essentially fully reacted, molten
urea-formaldehyde 



resin composition is formed by preparing a reaction mixture of urea and
formaldehyde the molar ratio of urea to formaldehyde ranging from 2.4 to
13.3 and heating said reaction mixture until essentially all 40      of the
formaldehyde In the mixture is fully reacted and said molten composition is
formed. 13. The fertilizer composition of claim 12 wherein said reaction
mixture is heated at a temperature of from about [err] to about [err]. 45
14. The fertilizer composition of claim 12 wherein said mixture is heated
for a period of about 1/2 hour to about 2 hours. 15. The fertilizer
composition of claim 11 wherein said particulate materials have & particle
size in the range of about 40-90 Size Guido Number (SGN). so 16. The
fertilizer composition of claim 11 wherein said finely divided solid
particulate materials are selected from the group consisting of primary,
secondary and minor element plant nutrient particles, micro- nutrient
particles, pesticide particles and mixture thereof. 55  17. The fertilizer
composition of claim 11 wherein said granules formed are N-P-K fertilizers.
EB . -20'97(THU)  15:14    JONES DAY
TEL:1 312 782 0534                        P.015 EP 0 623 178 B1
Patentansprache 1. Verfahren zur Herstellung ainer Irigorlosen, lestin,
k8migun larnstolf-Formaidehyd-OUngemmltel-Mas- so mit langsamer
Nihrstoflabgebe. deren Kbrchsan einen Schleifindex von ca. 0.50 bis ca.
1A000 6      haben. umfamsend die Zubereitung einer geschnmolzonen
Harnstoif-Formaldehyd-Hart.Masne durch Mischung von Ham. stoll und
Formaldehyd. mit einem Molarquotienten von Harnstoff au Fomnialdehyd von
2.4 zu 13,3. und durch rhizen dar daraus enzslandansn Mischung, bis Im
wesentdlchen das gesamie Formaldehyd in der Minchung vollastndig in
Realaion gebracht warden ist; 10        AufsprOhon dir geschmnolzmnen
Harnsioff-Formaldihyd-HarziMasse aut Feinzerteilte lesta Tailchen, die
aktlve Beulandtuils enthallen, und Abkdhien des besprtihten Produicts. urn
die Harzmasse fost werden zu lassen, wodurch eine Marix entsteht. in der
die festen Tsilchen gebunden dknd. Z  Vsrfahren nach Anspruch 1, wobel das
Eritzen, bei ainer Tempreatur van ca. 121 IC (260 IF) bis ca. is     141
'0C (285   goschiehtL 3. Verfahren nach Anspruch 2. wobai das Erhitzen
Oiber omen Zoitraurm von stwa 1/2 bis etwa 2 Stunden geschiaht. ao  4.
Verfahren nach Anspruch 1, wobel das Aufsprwhin mit einer Rate von ca. 0.5
big ca. 5,0 (Gewichi in Prozent dir lHarzmasse / Gewicht in Prozant dir
feinzertellten festin Telicher) geschieht. 5. Verfahren nach Anspruch 1,
wobsi die lesten Teilehen sine Partikelgrl6e im Beroich einer Kotngrlle von
ca. 40-G0 SON haben. 25 6. Verlahren nach Anspruch 1. wobei die lesson
Teilchen aus olner Gruppe aungewlihit werdon. die Bus primirer. sekundirer
und minderer Pfanzengrundnihrtscffteilchen, Mikronihrstofteilchen,
Pe1izidtuil- chen und *iner Mischung daraus betahtL 30  7. Verfahron nach
Anspruch 1, wobei des Erhitzsn iber einen Zeitraum goschiehl, dor lang
genug lt, um mindestens 60% des Wassers in dor Mischung zu verdampfen. IL
Verfahron nach Anspruch 1, wobel die gnschmolzene
Hannstoff-Fomialdehyd-Harz-Masse in ainer Spritzkabine aut die Tailohen
gespraht wird, wobel die Umgebungatemperatur in dot Spritzkabine so as
ist daO das Haez sich genaigend abkfhit, um lest zu wirden. a  Verfahren
nach Anspruch B. wobel die Temperahur in der Spritzklbins unter ca. 71 -c
(160 *F) liogt. 1t Verfahren Pnch Anspruch 8, wobol die Spritzkabino nine
Orehtronmnel it. b'            ~~~~~40 11. TrAgarlose khrnigs
Methyl-Harnsbtff-00ngemittel-Mamse mit langsanmor Nihrsatofabgabe, die
haupt- sachlich aus harten Klrnchon des bunagleen Methyl-Harnslhfs nbestaht
und sine Schlelfzahl van ca. 0,850 bis ca. 1,000 hat; 



jedes der Komchon feingerteilto, fses Stile enthilt; 41         die
Kdrnchen warden dadurch gebildet, dm1 nine im wosendichon volsnandig zur
Reaktion gebrach- ter geschmolzeno Harnstoff-Formaidehyd-Harz-Masse mit
inemn Molarquotlenten von HamstofF zu Formaldehyd von 2,4 zu 13.3. aul die
Partikelstofte autgespriht wird und das dabei entslandens. besprfhte
Produkt abgekfhit wird, urn die Hazrnasae fst wercden zu lassen. wadurch
sine Marqx entsteht, in cer die festen Partikel gebunden sind. sa 12.
DBngemittelmasse nach Anspruch 119 woboi die Im wasentlichen vall zur
Reaktion gabrachte, go- schmrnolzene Hamntoff-forraidhyd-Hirz Mane dadurch
entsteht, dall nine Reaktonsmischung aus Harnstoff und Formakiehyd
hergostilt wird, mit oinern Molarquolienten von Harnstiif au Formaldehyd
von 2.4 zu 13.3. und die Reaktionsmischung solange erhitzli wird. bis im
wesentlichen alies Fornmaldeh- 66     yd in der Mischung volilindig zur
Roaktion gebracht warden ist und die goschmolzene Masse entstanden ist. 12
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Dangarnittelmasse nach Anspruch 12. wobel die Reaktion6amischung auf sine
Temperatur von ca. 121 *C (250 * F) bis ca. 141 * C (285 *F) erhitzt wird.
14. DWngmeittemasse nach Anspruch 12. wobal die Mischung abet einen
Zaitraum von ii2 Stunde bls 5      etwa 2 Stunden orhitzt wird. 16.
DUngaemittelmasse nach Anspruch 11, wobsi die Partikelatoff ems
Pamtikelgr8oe im Bereich ainer Korngroae von stwa 40-90 (Size Guide Number)
(SGN) habon. 10  16. Drlngemittelrnasse nach Anspruch 11, wobel die
fainzdrtehien Partikelstoffe aus einer 6ruppe ausge- wihit werdmn. die aus
primIren, sakundiren und minderen PflanzengrundnhOrstoafftelchen,
Mlikronahr- atotheilchen, Pestizidbtilchen und elner Mischung daraus
besteht. 17. Dingenittelmasse nach Anspruch 11, wobel die gebildeten
Kbmchen N-1-lDtUngermiftel sind. r6 Revendlaatlons 1. Proced6 de
preparation d'une composition de fertilisant d'urde-formaldshyde solide en
granules & llbdratlor lente non d6posae sur un support, les granulds
poas6dant un indice de rdsistancm a 20     i'abrasion d'envilron 0,850 a
environ 1,000, compronant lo falt de: prdparer ures composition de resine
d'ureo-formaldghyde potde a fuaion en mdlangeant de l'uroe at du
formald6hyde dans un rapport molaire de I'ure& au Iorvnaldihydo so siluant
dans lo domaine de 2,4 i 13,3 at an chauflant lo melange resultant jusqu'h
ce quo pratiquement toute la quandtit du formaldehyde dana Is melange ait
completmenl rdagi: 2S         pulviriser ladite composition da resino
d'urd94onnald6hyde.portde h fusion sur des particules solndes finument
divisdes qui compronnent des Ingredients actifs et refroidir ladit prodult
pulviris6 pour solidifier ladite cornposidon de Mdsine procurantt une
matrico dans laquello leadites parelcules solides sont liiis. :o  2.
Procidi saion la revendication 1. dans [equal on effectuo ladit chauffage b
une toImprature d'environ 121 0 G (250 F) a environ 141 * C (285 F). 9
Prooeld solon la revendication 2, dans loqual on effclue lbdit chaulfage
pendant un laps de temps denviron 1/2 A environ 2 heures. 4. Procdde salon
la revendication 1, dans lequel on offactue Wdite pulvirisation a un debit
doenviron 0.5 a environ 5.0 (pour cenl en poids de la composition de
resinelpour cent en polds des particuls solideo finemsnt divisdes). 40  5
Procd salon la revendicatlon 1, dans 1equel leaditas particules solidos
posasdent une granulomdtrie dans Is domains d'environ 40'90 SGN. 6. Procidd
salon la revendication 1, dans loquel lssdites particulas solides sont
choisies parmi le0groups conrtW  par des nutrimenrs vegetaux 6ldmentaires
primairas. secondaires at mineurs. par des 



45     micronutriments. par des pesticides at par des mElanges da cas
6lments. 7. Proced  salon In revendication 1, dans loquel on elfectue edit
chaliufage pendant un laps de lemps suffisant pour Evaporar au moins 80% de
l'eau dans Is melange. 6o  a  Procddo slon la revendication 1, dara lequel
on pubvrise ladite composition do rdsin. durde- formaldehyde porse A fusion
our lesdites particulos dans une charnbra de pulverisation dans laquollo
rbgne une tompsrature ambiante telle quo l on obtiont un refroidissoment
auflisant do la Maine h dos fins de solidilication. s5  9. Procdd salon la
revendication 6. dans loqual ladite temperature dans ladite chambre de
pulvdrisation set infdrieuro   environ 71 C0 (180  F). 10. ProcWdi selon la
revsndication 8, dons loquel ladite chambre de putvdnization oat un tambour
rotatif. 13    'EB. -2b'97(THU)  15:15    JONES DAY
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Composition do efetilisant de mrzhylbreiurdie non diposie til un support en
granulis a libdravon lonle constituds essentiallornont par dos granulds
durs de ladite mthylIrna-urds possddant un indice d'abrasion d'anviron
0,850 i environ 1,000; chacun dosdits granulds contanant des matireas
parlculaires solidos finemont divisdes: 5          lesdits granui6s dtant
oiMnus en pulvdrisant une composition de rdsine d'"ea-formaldchyde pwrdh  h
hjsion at qui a praliquemonl complbtemanl riagi dans un rapport molaite de
l'ur6a au formald6hyde se situant dans le domains de 2,4 a 13.3 our
lesdites matibres parlicubairus at on refroidissant le prodult rdsultant
pulvirisd pour solidifier la composition de rdsine procuranl uine matrice
dans laquella lesdites particules solidos sont 1146s. 10* 12. Composition
do ferttlisant salon la revendication 11, dans laquelle on obtient la
composition de resins durieo-ormaldehyde portde h fusion et qui a
pratiquement complbtemrnt riagi an priparant un mdlange rdacbonnal d'urie
et de formaldikiydo, le rapport molairo de l uree au formalddlydoe se
situant dans le domaine de 2.4 h 13,3 at en chauffant ledit melange
rdachonnel jusqu'a ce quo pratiquemrnl is    toute la quantitd du
formaldihyde dons le milanga alt completement reagi. et on obtient indite
composition porteea l usion. 1& Composition de Iortilisant selon la
resondication 12. darns laquelle on chauffe ledit melarige reactionnol a
uns aempirature d'onviron 121 ' C (250* F) A environ 141 C (2851 F). 20 14.
Composition de lertilisant solon Is revendieaLion 12, duns laquelle on
chauffa ledit m6lange pendant un laps de tamps denviron 1/2 & environ 2
houras. 15 Composition de lertilisant solon la revendication 11. dans
laqufll lesdites mratires particullires 25     possadent une granulonmitrie
dans le domains d'environ 40C90 (indice granulorritique de guidago) (SGON).
16. Composition de fortillsant salon la revandication II. dans laquelle
leadites matieres pa'ticulaires solides finement divisees sont choisios
parrnl le groupe oonstitu6 par des particules de nutriments vdgirawc 30
ildrnentalres primaires. secondaires et mineurs, par das particules de
micronutriments. par des particulas de pesticides et par des melanges do
ceS parficulos. 17. Composition de fertilisant selon la revendication 11,
dans laquelle lesdits granul~s obtenus sont des fertillsents N-P-K. 46 sa
ss 14    


