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(57) ABSTRACT 
A fertilizer composition wherein a nitrogen containing 
macronutrient is adsorbed on the Surface of hydroxyapatite 
phosphate nanoparticles. Said fertilizer composition slowly 
releases the nitrogen containing macronutrient to soil. 

SEM images of an embodiment of the present invention showing the urea adsorbed 
HAP nanoparticles prepared by template method (a) as synthesized and (b) after 2 hrs of 
synthesis, resulting as a solid chip, showing nanobeads and bead-chain-like structures obtained 
by the directional growth of nanobeads, respectively. 
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Figure : SEM images of an embodiment of the present invention showing the urea adsorbed 
HAP nanoparticles prepared by template method (a) as synthesized and (b) after 2 hrs of 
synthesis, resulting as a solid chip, showing nanobeads and bead-chain-like structures obtained 
by the directional growth of nanobeads, respectively. 
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Figure 2: SEM images of an embodiment of the present invention where showing the urea 
adsorbed HAP nanoparticles foliage formulations prepared with HAP:Urea (a) : 1. (b) :3, (c) 
1:4, (d) 1:5 and (e) 1:6. 

  



Patent Application Publication Apr. 25, 2013 Sheet 3 of 28 US 2013/00981.25 A1 

Figure 3: TEM images of an embodiment of the present invention showing (a) synthesized HAP 
nanoparticles and (b) urea adsorbed HAP nanoparticles. 
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Figure 4: SEM image of an embodiment of the present invention showing the bead-chain-like 
structure of the HAP-urea nanoparticles formed by the Soi-Gel method. 
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Figure 5: Crystallographic representation of HAP nanoparticles. 
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Figure 6: Schematic representation of the directional growth of bead-like nanoparticles into 
bead-chain-like particles. 
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Figure 7: SEM images of HAP nanoparticles formed with different addition rates of phosphoric 
acid, (a) 250 ml min', (b) 70 mi min', (c) 20 mi min' and (d) 6 m min'. ( 
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Figure 8: SEM images of HAP nanoparticles formed at different pH values (a) 5, (b) 7, (c) 9 and 
(d) 11. 

  



Patent Application Publication Apr. 25, 2013 Sheet 9 of 28 US 2013/00981.25 A1 

S3888 &838; i38: 838.: 

Figure 9: SEM images of HAP nanoparticles prepared by (a) drop wise addition and (b) spray 
addition method. 
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Figure 10: SEM images of HAP nanoparticles prepared with different stirring speeds, (a) 100, (b) 

200, (c) 300, (d) 400, (e) 600 and (f) 800 rpm. 
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Figure 11: SEM images of HAP nanoparticles prepared at different reaction temperatures (a) 0 
°C, (b) 25 °C, (c) 70 °C, (d) 85 °C and (e) 100 °C. 
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Figure 12: SEM images of the HAP nanoparticles prepared using (a) 0.6 M and (b) conc. 
phosphoric acid, 
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Figure 13: PXRD patterns for Urea, an embodiment of the present Urea-HAP nanoparticle 
composite invention, and HAP nanoparticles. 
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Figure 4: Electron diffraction patterns of (a) HAP nanoparticles and (b) an embodiment of the 
present Urea-HAP nanoparticle composite invention. 
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Figure 5: FTER spectrum for the carbonyl stretching region of (a) HAP nanoparticles (b) an 
embodiment of the present Urea-HAP nanoparticle composite invention and (c) Urea, 
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Figure 6: FTIR spectrum for the amine stretching region of (a) HAP nanoparticles (b) an 
embodiment of the present Urea-HAP nanoparticle composite invention and (c) Urea. 
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Figure 7: FTIR spectrum for the N-C-N stretching region of (a) HAP nanoparticles (b) an 
embodiment of the present Urea-HAP nanoparticle composite invention and (c) Urea. 
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Figure 8: Raman Spectra of (a) Urea, (b) HAP nanoparticles and (c) an embodiment of the 
Urea-HAP nanocomposite of the present invention. 
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Figure 9: Release behavior comparison for Urea, Urea-HAP nanoparticle chip. Urea-HAP 
nanoparticle powder and Urea and HAP macroparticles in water. 
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Figure 20: Release behavior comparison in water for (a) Urea, embodiment of the present Urea 
HAP nanoparticle composite invention with HAP Urea (b) : , (c) 1:3, (d) 1:4, (e) 1:5 and (f) 
1:6 in liquid phase. 
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Figure 21: Release behavior comparison for Urea, Urea-HAP nanoparticle chip in soil. 
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Figure 22: Rice plant height/cm vs. treatments -4. 
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Figure 23: Number of tillers per pot vs. treatments -4. 
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Figure 24: Number of days to flower vs. treatments -4. 
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Figure 25: Number of panicles per pot vs. treatments -4. 
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Figure 26: 1000 grain weightig vs. treatments -4. 
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Figure 27: Number of filled grains per pot vs. treatments -4. 
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Figure 28: Grain weight/g per pot vs. treatments 1-4. 
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COMPOSITION AND METHOD FOR 
SUSTAINED RELEASE OF AGRICULTURAL 

MACRONUTRENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 12/794,741 filed Jun. 5, 2010, which is 
hereby incorporated herein in its entirety by reference. 

FIELD OF THE INVENTION 

0002 This invention relates to a composition for and a 
method of providing Sustained release of agricultural nutri 
ents. More particularly this invention relates to nitrogen con 
taining macronutrient adsorbed hydroxyapatite phosphate 
(HAP) nanoparticles and a method of using nitrogen contain 
ing macronutrient adsorbed hydroxyapatite phosphate nano 
particles as a slow-release fertilizer. 

BACKGROUND 

0003 Commercial fertilizers contain macronutrients and 
micronutrients that are essential for plant growth and macro 
nutrients are used by plants in relatively large amounts. As 
defined herein primary macronutrients are nitrogen (N). 
phosphorous (P) and potassium (K) while calcium (Ca), mag 
nesium (Mg) and Sulfur (S) are secondary macronutrients. All 
six nutrients are important for plant growth. 
0004 As defined herein, micronutrients required in small 
amounts for plant growth are boron (B), chlorine (Cl), man 
ganese (Mn), iron (Fe), Zinc (Zn), copper (Cu), molybdenum 
(Mo) and selenium (Se). 
0005 Nitrogen, phosphorus and potassium (NPK), which 
are required in large amounts for plants, are not always 
adequately available in natural soils to Support the Sustained 
growth of plants. Therefore, these macronutrients (NPK) are 
often needed to be applied externally through fertilizer. Water 
soluble conventional fertilizers typically result in a large 
amount of macronutrients being lost by leaching and evapo 
ration. Thus, there is an increased interest in developing slow 
release fertilizers that release macronutrients to plants over 
time. 
0006 Advantages of slow release fertilizers are improved 
efficiency and quality as the fertilizer is released over time, 
thus providing Sufficient quantities of macronutrients as 
required for higher crop yields. In addition, slow release 
fertilizers result in reduced environmental damage from 
leaching of macronutrients into water and emissions as gas 
ses, compared to conventional water Soluble fertilizers. 
0007 Macronutrients in fertilizers can be applied to the 
soil as a solid in the form of a powder or pellets or as a spray. 
The uptake of macronutrients by the plant needs to be com 
pensated by their external application to the soil periodically. 
Nitrogen is a key macronutrient source in agriculture particu 
larly for economic crops such as tea. For example, large 
amount of fertilizer is applied to the soil of the tea plant to 
improve the quality and the yield of the leaves produced. A 
study in Japan (Yamada et al., Journal of Water and Environ 
mental Technology, 7.4, 331-340, 2009) reported that of the 
large amount of nitrogen fertilizer applied to tea, only 12% of 
the nitrogen input was taken up by the plant and the rest 
discharged to the environment. Therefore, one of the 
unsolved problems of fertilizer application is, in relation to 
the amounts of nitrogen applied to Soil, the low Nitrogen Use 
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Efficiency (NUE) by crops. This is because an excessive 
amount of nitrogen, up to 70%, is lost when using conven 
tional fertilizers due to leaching, emissions and long-term 
incorporation by soil microorganisms. As such, Supplying 
nitrogen macronutrient is critical in preventing the decline of 
productivity and profitability due to degradation and aging of 
tea plants (Kamau et al., Field Crops Research 1, 108, 60-70, 
2008). Attempts to increase the NUE have so far has met with 
little Success. 

0008 U.S. Pat. No. 6,261,997 B1 to Rubinet al. discloses 
slow release of pesticides adsorbed on organically modified 
clay to prevent leaching in underground and Surface water. 
U.S. Pat. No. 4,219,349 to Bardsley discloses compositions 
of calcined clay granules and Solution or Suspension contain 
ing micronutrients (Fe, Zn, Mn, Cu, B, Mo, C1 and S). U.S. 
Pat. No. 4,849,006 to Milburn et al. discloses a controlled 
release composition comprising of an organic, biologically 
active material absorbed on an organically modified clay. 
U.S. Pat. No. 6,821,928 B2 to Ruskin discloses a method to 
reduce the rate of diffusion of slow release materials through 
polymers and a process for making drip irrigation devices 
with long term control of root growth. It further, discloses 
bioactive material such as herbicide that is intercalated into 
nanoclays to protect against root intrusion in drip irrigation 
applications. U.S. Pat. No. 3.902,886 to Baninet al. discloses 
clay attached micronutrients to provide micronutrients to 
plants. US2009/0169524 A1 to Kalpana et al. discloses 
biopolymer based nanocomposites of chitosan, montmorillo 
nite (MMT) and hydroxyapatite for bone growth in medical 
applications. 
0009 Solutions are needed to provide slow release macro 
nutrient formulations for plant growth applications. 

SUMMARY 

0010. A nitrogen containing macronutrient is adsorbed on 
HAP nanoparticles and used as a fertilizer. The macronutrient 
adsorbed HAP nanoparticles disclosed herein, when applied 
to aqueous and terrestrial environments, slowly release the 
macronutrient to the soil. The soil medium acts as a conduit 
for providing the transport of the macronutrients such as urea 
to the roots of the plant. 

BRIEF DESCRIPTION OF FIGURES 

(0011 FIG. 1: SEM images of an embodiment of the 
present invention showing the urea adsorbed HAP nanopar 
ticles prepared by template method (a) as synthesized and (b) 
after 2 hrs of synthesis, resulting as a solid chip, showing 
nanobeads and bead-chain-like structures obtained by the 
directional growth of nanobeads, respectively. 
(0012 FIG. 2: SEM images of an embodiment of the 
present invention where showing the urea adsorbed HAP 
nanoparticles foliage formulations prepared with HAP:Urea 
(a) 1:1, (b) 1:3, (c) 1:4, (d) 1:5 and (e) 1:6. 
(0013 FIG. 3: TEM images of an embodiment of the 
present invention showing (a) synthesized HAP nanoparticles 
and (b) urea adsorbed HAP nanoparticles. 
0014 FIG. 4: SEM image of an embodiment of the present 
invention showing the bead-chain-like structure of the HAP 
urea nanoparticles formed by the Sol-Gel method. 
(0015 FIG. 5: Crystallographic representation of HAP 
nanoparticles. 












