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ABSTRACT

This work describes the method of producing physically prepared slow —
release fertilizers to provide an insoluble coating on granules of water —
soluble fertilizers. The fertilizers chosen are potassium nitrate and urea.
Stearic acid, calcium hydroxide, paraffin was, fatty acid and talk are the
materials used to prepare four types of coating varying in their composi-
tion. These types of coating are referred to by anumber of examples: Ex,,
Ex,, Ex, and Ex,. The granules of coated fertilizers were tested for their
dissolution in water at 20 and 40 °C. It was found that coated potassium
nitrate has lower dissolution than coated urea. As the temperature was
raised from 20 to 40 °C, the dissolution rate increased for both fertilizers.
The treatments Ex, and Ex, have the best (lowest) dissolution rate, respec-
tively. The Ex, treatment recorded the worst values due to that the strength
of the granules was quite poor. Releasing rate of potassium nitrate and urea
fertilizersin sandy soil at 25 and 50 °C and field capacity 20 and 40 % was
tested. Increasing temperature increased the releasing rate. Moisture con-
tent had lower effect. Potassium nitrate fertilizer recorded lower values of
releasing than urea. Among the treatments, coating of both fertilizers de-
creased their releasing ratein the following order, Ex, > Ex, > Ex, > Ex, and
finally the uncoated treatment. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Itisawdl knownfact that nofertilizer, of whatever
composition, isever utilized by the crop with acom-
pleteefficiency. Thisoccursparticularly with nitrogen—
based fertilizers, dthoughitisencounteredd sowith dl
water — soluble fertilizers. The main reason for this de-
ficlency istherapid dissolution of thefertilizerinthesoil
where only apart thereof isactually utilized, the bal -
ancebeinglostinthedraining of rainor irrigation water.

The main solution suggested to overcomethisdisad-
vantage wasthe use of physically prepared ow —re-
leasefertilizers, by coating thefertilizer granuleswith
sulfur, wax or synthetic polymers*3
Amongthefactorsinfluencing thefertilizer release
from coating materid areenvironmentd effects. Increas-
ing either temperature or moisture content of the soil
increasestherel ease of potassum nitratefrom the coat-
ing film*8., Dissolution doublesfor every 10°Crise in
temperature”8. Nitrogenisrel eased from the coated
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fertilizer when water movesinto the granules by os-
motic potential; theresulting pressure causesthefertil-
izer to diffuse out through the coating®9.

Theobject of thepresent work isto provideamethod
for manufactureof physicaly prepared ow —release
fertilizers, by coating thefertilizer granuleswith some
materia sand study the effect of coating, moistureand
temperatureonthedissolution and releasing rates.

MATERIALSAND METHODS

Thefertilizer to be coated according to the present
work, issdected from thewe | —known water soluble
fertilizerssuch as. potassium nitrateand urea. Whereas
the coating congtituentsare quiteinert materia . Speci-
ficationsof theorigina potassium nitrate (Chemicoke
product) and commercia ureafertilizer prillsarecited
in(TABLE1).

TABLE 1: Potassum nitrateand urea specifications
Total N Solubility Bulk Particle
Fertilizers  Content inwater Density, Size,
(%) (%) glem®  (mm)
Potassium nitrate  33.3 100 085 15-20
Urea 46.0 100 075 16-2.30

Coating process

Thework will be hereafter illustrated by anumber
of Examples(Ex) being clearly understood that nolimi-
tation should beunderstood, S ncemany variationscould
be conceived, without being outside the scope of the
present work.

Examplel

Anamount of 100 g. of eachfertilizer wasintro-
ducedin alaboratory rotating pam and heated to about
75 °C. To the prills of the fertilizer an amount of 5.3
gramsof stearicacidwasadded together with an amount
of 20 g. of calcium hydroxide. After the entire amount
of stearic acid was consumed, by its reaction with
thecacium hydroxide, freeflowing granuleswere ob-
tained conggting of thefertilizer coated by cacium stear-
ate, formed in — situ from the two reagents. To the
coated granulesinthe pam granulator, an amount of 4
g. of paraffinwax was added together withasmal quan-
tity (about 2 g.) of calcium hydroxide(asinert constitu-
ent) and the pam granulator continued to operate until
all the paraffin wax was consumed. After cooling, the
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granulesweretaken out from the granul ator, the com-
position of the coating being asfollows:

22 g. of cciumhydroxide

5.3 9. of stearticacid, and

4 9. of paraffin wax.

Example2

Theexperiment asdescribedin Example 1 wasre-
peated, but in this casethe calcium hydroxide used as
theinert materid inthe step of the coatingwith paraffin,
was replaced by 15 g. of talc. Also, the stearic acid
wasreplaced by 6.6 g. of fatty acids (EDENOR UKD
3510, Trade Mark produced by Henkel, Germany).
The composition of the coating was asfollows:-

6.6 g. of fatty acid

20g. of cacium hydroxide.

4 9. of paraffin wax and

15g.of talc.

Example3

The same equipment asin the previous Examples
wasutilized, but in thiscasethe coating consisted of 3
layers. In each layer, the coating contained:

2.2 g. of fatty acid

6.6 g. of calcium hydroxide.

1.3g. of paraffin, and

59.of tac.

Thegranulesobtained weretreated againinasimi-
lar manner, with two separate additional portions, of
the abovefour reagents, one after the other resulting
the granules coated by threelayers.

Example4

A comparativeexperiment asdescribed in Example
1 wasperformed, with the same pam |aboratory granu-
lator asin the previous Examples, thefertilizer being
also 100 g. but the reagent used for the coating was
cacium stearatei.e. thealready formed salt. Into the
granulator containing the resulted coating an amount of
4 g. paraffin was added together with 2 g. of calcium
hydroxide (asinert constituent) The composition of
coating wasasfollows:

22 g. of cacium hydroxide.

5.3 9. of stearicacid, and

4 9. of paraffinwax.

Dissolution of fertilizersin water
Fifty g. of each of potassium nitrate and ureafer-
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tilizersfor each Example 1,2,3,4 and control wereheld
inseded flaskscontaining 100 ml. pf distilled water at
20 and 40 °C for 7 weeks. The refractive index of the
solution was measured asafunction of time; thefertil-
izer dissolvedinwater (%) wasca culated fromthefol-
lowing equation:

(n,?° —1.3322)[ 744000 (n,* —1.3322)]
+141000
100 —% total coating

Wheren_Zistherefractiveindex™.

Fertilizersreleasein sandy soil

% Dissolution =

3 g. from each of potassium nitrateand ureafer-
tilizersfor each Examplewere enclosed in anylon
screen rectangular bag. The bag wasinserted verti-
calyin300g. dried soil (sieved by 1.00 mm. screen)
that wasincubated in awide mouth pot 7 cm. diam-
eter and 9 cm. height (Figure 1). Tap water wasadded
to each pot to bring the moisture content of the soil
to approximately 20 and 40 % of field capacity. The
pots were incubated at 25 and 50 °C for 7 weeks.
All combinations of the variableswerereplicated 3
times. Both fertilizersrel ease rates were determined
by calculating theweight lossfrom each sampleasa
function of time.

All datawere statistically analyzed according to
Snedecor and Cochran, 196712,
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Figurel: Schematic diagram of the system used for measur -
ing Potassium nitrateand ureareleasein sandy soil
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RESULTSAND DISCUSSION

Therdeaseof fertilizer from coated fertilizer prills
depends on many factorssuch asthequality of coating
film, incubation media, temperature, water content and
method of gpplication®%134, Thecontribution of these
factorsto potassium nitrate and urearel easefrom dif-
ferent Examples of coatingsisdiscussed below.

Dissolution of potassium nitrateand ureain water

Dissolution of Potassium Nitrateand Ureafrom Ex,
Ex,, Ex,, and Ex, coatingsat 20 and 40 °C for 7 weeks
isillustrated on Figures 2, 3, respectively. Coating each
fertilizer decreased the dissolution rate compared with
theuncoated (control) treatment. Among the Examples
(Ex; Ex, Ex; and Ex )for bothfertilizers, Ex,and Ex,
havethebest (lowest) dissol ution rates, respectl vely re
gardlessthetemperature and therewasas gnificant dif-
ference betweenthem. Treating both fertilizerswith 3
|ayers (Ex, trestment) reduced the dissol ution ratecom-
pared withtheunlayered trestment Ex,. Thisisin agree-
ment with Heikal and Khalil'®. The Ex, treatment re-
corded theworst values, it achieved 100 % dissol ution
inwater after only 12 and 8 daysat 20 and 40 °C, re-
spectively for thetwo fertilizers compared with 52, 28
and 44, 24 daysin the best treatment (Ex,) for potas-
sumnitrateand urea, respectively. Thisisduetothat; the
granulesobtai ned possessindeed asmooth surface, due
totheparaffincoating, but their srengthwas quite poort®.

Comparison betweenthetwo fertilizers, reved sthat
coated potassium nitrate haslower dissolutionratethan
coated ureaat 20 and 40 °C (Figure 4). Higher urea
dissolutionisduetoincreaseof solubility and diffusion
coefficient of thefertilizerl’618, Astemperaturewas
raised from 20 to 40 °C the dissolution rate of both
coated ureaand potass um nitrateincreased (Figure5).

Potassium nitrateand ureareeasein sandy soil

Potassium nitrate and urearel easefrom Ex, EX,
Ex, and Ex, coatingsa 25 and 50 °C and field capac1ty
20 and 40 % isshown on Figures 6, 7, 8, and 9, re-
gpectively. Comparison between thedifferent examples;
Ex,, Ex,, Ex,, Ex, and uncoated trestment revedsthat,
coating of potassium nitrate and ureafertilizers de-
creased their releasing ratein thefollowing order, Ex, >
Ex, > Ex, > Ex, and thenthe uncoated regardlessthe
temperature and moi sture content of soil, and therewas
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Figure4: Comparison between dissolution ratesof potassium nitrateand ureafertilizer shaving the sametreatment
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Figure2: Dissolution rate of uncoated and coated potassium nitratein water
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Figure 3: Dissolution rate of uncoated and coated ureain water
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Figure5: Effect of temperatureon dissolution for potassum nitrateand ureafertilizer having thesametreatment Ex.,.
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Figure6: Releasingrate (%) of uncoated and coated potassium nitratein sandy soil at 20 % field capacity
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Figure7: Releasingrate (%) of uncoated and coated ureain sandy soil at 20 % field capacity
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Figure9: Releasing rate of uncoated and coated ureain sandy soil at 40 % field capacity
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Figure 12: Effect of moisturecontent on thereleasing ratefor potassium nitrateand ureafertilizershavingthe same

treatment Ex3

aggnificant difference between them.

Thereleaserate of coated potassium nitrate and
ureafertilizersincreased with increasing temperature.
Raising temperature from 25 to 50 °C increased the
releasing rate of potassium nitrate by about 50 % at the
first week of incubation. This percentage decreased to
11 % at the sixth week. On the other hand, for urea
fertilizer, thereleasing rateincreased by around 33 %
at the first week, and decreased to 11 % at the sixth
week (Figure 10).

Asinthesamemanner for thedissolutioninwater,
therdease of coated ureain sandy soil washigher than
coated potassumnitrate. Thedifference percentagewas
higher at the beginning of incubation (50-100 %) and

decreased to 11 % by theend of incubation (Figure 11).

Themoisture content hasalower effect onthere-
leasing rate than temperature as shown from (Figure
12). Thus, it can be concluded that increas ngtempera:
tureincreasesthe degradation rate of the coating film.
Ontheother hand, increasing the soil moisture content
does not havethe same effect on the degradation of the
coating film. Thisisin agreement with liu etal. 2004,
and Liangand liu, 2006192
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