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CONTROLLED-RELEASE TYPE FERTILIZER WITH DECREASED 

FLOATING PROPERTY COMPRISING TRI-BLOCK COPOLYMER AND 

METHOD FOR PREPARING THE SAME 

[TECHNICAL FIELD] 

5 CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefit of Korean Patent Application No. 10-2017

0117392 filed on September 13, 2017 with the Korean Intellectual Property Office, the 

disclosures of which are herein incorporated by reference in their entirety.  

The present invention relates to a controlled-release type fertilizer with 

10 decreased floating property, and a method for preparing the same. More specifically, 

the present invention relates to a controlled-release type fertilizer wherein the floating 

property of the existing controlled-type fertilizer is decreased by short and simple mixing, 

and a method for preparing the same.  

[BACKGROUNDART] 

15 With the purpose of laborsaving of fertilization or manifestation of the effect of 

fertilizer according to the growth and development of plants, various controlled-release 

type fertilizers have been developed.  

Representative controlled-release type fertilizer includes a coated fertilizer of 

which surface is coated with various resins or inorganic substances, and for example, 

20 the coated fertilizer means a fertilizer wherein the velocity of dissolution of fertilizer 

components is controlled by coating the surface of a common quick acting fertilizer with 

specific polymer resins such as acryl resin, polyurethane, polyolefin resin, etc. to a 

certain thickness, and thus, during the whole growth and development period of crops, 

fertilizer components are slowly released in necessary amount. Since the coated 

25 granular fertilizer can last fertilizer efficiency during the whole growth and development 

period of crops, the number of fertilization is reduced and fertilization labor force is 

reduced, and the fertilizer use efficiency of crops is increased to the maximum, thus 

reducing the pollution of river or underground water by fertilizer nutrients, and thus, it is 

considered as being the best fertilizer among the fertilizers developed so far. However, 

30 the coating of such a controlled-release type fertilizer mostly consist of resin lacking 
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hydrophilicity, and thus, a problem of floating of the fertilizer in rain or water during 

fertilization has been raised.  

In order to solve the problem, in the prior art, technologies of preventing floating 

by attaching additives such as hydrophilic surfactant, anionic surfactant, etc. or 

5 inorganic powder such as SiO 2, etc. on the fertilizer surface were developed.  

However, since a surfactant having high HLB is hydrophilic, there is still a 

possibility that the fertilizer floats or the surfactant is eluted in water, and inorganic 

powder may not be sufficiently attached to the fertilizer surface and the powder may 

take off during the process or when using the fertilizer.  

10 [DISCLOSURE] 

A desirable outcome of embodiments of the present invention is to provide a 

controlled-release type fertilizer that fulfills release controllability and productivity 

required in a controlled-release type fertilizer, and simultaneously, has decreased 

floating property in that a fertilizer hardly floats after fertilization.  

15 In order to achieve this desirable outcome, one aspect of the present invention 

relates to a controlled-release type fertilizer comprising a granular fertilizer core; a 

coating layer(shell) formed on the surface of the granular fertilizer core, the coating 

layer comprising an olefin-based resin; and additives attached on the coating layer, the 

additives comprising an ethylene oxide-propylene oxide-ethylene oxide(EO-PO-EO) or 

20 propylene oxide-ethylene oxide-propylene oxide(PO-EO-PO) tri-block copolymer.  

One embodiment of the present invention relates to a method for preparing a 

controlled-release type fertilizer having additives comprising the tri-block copolymer.  

Hereinafter, the present invention will be explained in detail.  

25 Specifically, the controlled-release type fertilizer according to the present 

invention comprises a coating layer comprising olefin-based resin, and an additive 

attachment layer comprising EO-PO-EO or PO-EO-PO tri-block copolymer, sequentially 

on the surface of a granular fertilizer core.  

In embodiments of the present invention, the fertilizer may be various previously 

30 described fertilizers, for example, urea or a compound fertilizer.  
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The olefin-based resin, although not limited hereto, may be polyolefin or 

copolymer of olefin and ethylene-vinyl acetate. Preferably, the polyolefin may be high 

density or low density polyethylene, polypropylene, ethylene-propylene copolymer, 

polybutene, butene-ethylene copolymer, butene-propylene copolymer. In the present 

5 invention, the ethylene-vinyl acetate copolymer is copolymer comprising ethylene and 

vinyl acetate, and the content and molecular weight of the vinyl acetate are not 

specificallylimited.  

According to a preferable embodiment, the amount of the coating layer 

10 comprising olefin-based resin is 1 to 20 wt%, preferably 2 to 15 wt%, based on the total 

weight of the fertilizer. According to specific embodiment, the olefin-based resin is 

coated on the granular fertilizer core to form a film(shell), and thus, the fertilizer is 

included in the film.  

In the present invention, on the surface of a fertilizer wherein a granular fertilizer 

15 core is included in the film comprising olefin-based resin, additives comprising ethylene 

oxide-propylene oxide-ethylene oxide(EO-PO-EO) or propylene oxide-ethylene oxide

propylene oxide(PO-EO-PO) tri-block copolymer are further coated.  

In the EO-PO-EO or PO-EO-PO tri-block copolymer, PO corresponding to a 

hydrophobic group preferably has weight average molecular weight of 950 to 4000, and 

20 the HLB value of the tri-block copolymer is preferably 1 to 10. And, it is preferable that 

EO is included in the amount of 5 to 50 wt%, based on the total weight of the tri-block 

copolymer.  

In the prior documents, in order to decrease the floating property of granular 

25 fertilizers, a method of attaching or mixing hydrophilic surfactant having HLB of 6 to 16 

or more on the surface of a fertilizer has been suggested. However, the EO-PO-EO or 

PO-EO-PO tri-block copolymer, a surfactant used in the present invention, has HLB of 1 

to 10, more preferably 1 or more and 5 or less, and the weight average molecular 

weight of PO corresponding to a hydrophobic group is preferably 950 to 4,000, more 

30 preferably 1500 or more and 4000 or less. It is preferable that the hydrophobic groups 
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are included in the amount of 50 to 95 wt%, based on the total weight of the tri-block 

copolymer. And, it is preferable that the weight average molecular weight of the 

hydrophilic group EO is 50 to 2000, and it is preferable that the hydrophilic groups are 

included in the amount of 5 to 50 wt%, based on the total weight of the tri-block 

5 copolymer. If the length of the hydrophobic group is too short, attachment to the surface 

of a fertilizer may not be good, and thus, it is not suitable for mixing within a short time, 

and if the length is too long, affinity with water may be lowered, and thus, the effect of 

decreasing floating property may be low.  

10 Moreover, it was confirmed that in case the hydrophilic groups are included at 

the above weight range, the additives are very effectively attached on the surface of a 

fertilizer even by weak mixing for a short time. And, if the amount of hydrophilic group 

EO is greater than 50 wt%, attachment to the hydrophobic fertilizer surface is rather 

weak, and if it is less than 5 wt%, there is no effect for decreasing floating property.  

15 Thus, appropriate balance between attachment force to the hydrophobic fertilizer 

surface and hydrophilicity for decreasing floating is required. According to one 

embodiment of the present invention, it was confirmed that unlike previously reported, 

although HLB value is high, in case the properties of the hydrophobic groups and 

hydrophilic groups defined in the present invention are not fulfilled, the prevention effect 

20 of floating of a granular fertilizer is low.  

And, the introduction amount of the EO-PO-EO or PO-EO-PO tri-block 

copolymer is 0.025 wt% to 0.5 wt%, based on the total weight of the controlled-release 

type fertilizer. And, if it is less than 0.025 wt%, the amount is not sufficient, and thus, it is 

25 difficult to promote hydrophilicity on the fertilizer surface, and if it is introduced in an 

amount greater than 0.5 wt%, although floating property is decreased, consolidation of a 

fertilizer may be caused, and since the surfactant itself is relatively expensive, it is not 

appropriate to introduce beyond necessary.  

30 According to a preferable embodiment, in order to more efficiently decrease the 
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floating property of a controlled-release type fertilizer, the coating layer may further 

comprise inorganic powder. Such inorganic powder may be preferably hydrophilic 

inorganic powder having hydroxyl groups on the surface, and more preferably, 

precipitated silica. In the specific examples according to the present invention, Sipernat 

5 22S of Evonik company was used. Preferably, the inorganic powder has a specific 

surface area of 100 m 2/g to 500 m 2/g, and particle size of 1m to 500m. If the specific 

surface area of the inorganic powder is less than 100 m 2/g, the hydrophilic part exposed 

on the surface is not sufficient, and thus, affinity with water is low and the floating 

property decrease effect is lowered, and if it is greater than 500 m 2/g, specific gravity is 

0 generally low, thus causing process difficulty. If the particle size is less than 1 m, fine 

powder is blown, and thus, the processability is lowered, and if the particle size is 

greater than 100vm, it is difficult to sufficiently attach on the fertilizer surface. The 

introduction amount of the inorganic powder is preferably 0.01 wt% to 1 wt%, based on 

the total weight of the controlled-release type fertilizer. And, if it is less than 0.01 wt%, 

5 the amount is not sufficient, and thus, affinity with water is lowered, and floating property 

decrease effect is low, and if it is greater than 1 wt%, although floating property is 

decreased, continuous detaching of the inorganic powder that is attached beyond 

necessary occurs, and thus, process dust is blown, or failure in the fertilization machine 

may be caused.  

20 According to a preferable embodiment, the controlled-release type fertilizer of 

the present invention comprises liquid additives attached on the surface, comprising the 

EO-PO-EO or PO-EO-PO tri-block copolymer and/or the inorganic powder. If the 

additives is liquid, mixability is very good, and thus, may be uniformly attached to the 

granular fertilizer even by simple mixing, thus outstandingly decreasing floating property.  

25 According to another aspect, the present invention relates to a method for 

preparing a controlled-release type fertilizer, comprising the steps of: 
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i) coating the surface of a granular fertilizer core with a coating composition 

comprising olefin-based resin; and 

ii) coating the first coating layer with additives comprising ethylene oxide

propylene oxide-ethylene oxide(EO-PO-EO) or propylene oxide-ethylene oxide

5 propylene oxide(PO-EO-PO) tri-block copolymer.  

In the preparation method of the present invention, the steps i) and ii) may be 

conducted by previously described coating methods without specific limitations.  

Preferably, the additives used in step ii) is liquid.  

In the present invention, a controlled-release type fertilizer with decreased 

0 floating property can be prepared within a short time by a simple mixing method such as 

ball mill.  

According to another aspect, the present invention relates to a controlled

release type fertilizer comprising a granular fertilizer core; a coating layer(shell) formed 

on the surface of the granular fertilizer core, the coating layer comprising an olefin

5 based resin; and additives attached on the coating layer, the additives comprising an 

ethylene oxide-propylene oxide-ethylene oxide(EO-PO-EO) or propylene oxide-ethylene 

oxide-propylene oxide(PO-EO-PO) tri-block copolymer, 

wherein the ethylene oxide-propylene oxide-ethylene oxide(EO-PO-EO) 

or propylene oxide-ethylene oxide-propylene oxide(PO-EO-PO) tri-block copolymer has 

20 an HLB value of 1 to 10; and 

wherein the ethylene oxide in the tri-block copolymer is 5 to 50 wt%, 

based on the total weight of the tri-block copolymer.  

According to another aspect, the present invention relates to a method for 

preparing a controlled-release type fertilizer, comprising the steps of: 

25 i) coating the surface of a granular fertilizer core with a coating composition 

comprising olefin-based resin to form a first coating layer; and 

ii) coating the first coating layer with additives comprising an ethylene oxide

propylene oxide-ethylene oxide(EO-PO-EO) or a propylene oxide-ethylene oxide

propylene oxide(PO-EO-PO) tri-block copolymer, 

30 wherein the ethylene oxide-propylene oxide-ethylene oxide(EO-PO-EO) 
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or propylene oxide-ethylene oxide-propylene oxide(PO-EO-PO) tri-block copolymer has 

an HLB value of 1 to 10; and 

wherein the ethylene oxide in the tri-block copolymer is 5 to 50 wt%, 

based on the total weight of the tri-block copolymer.  

5 [ADVANTAGEOUS EFFECTS] 

The controlled-release type fertilizer according to the present invention 

outstandingly decreases floating property that becomes a problem in the existing 

controlled-release type fertilizer, thereby preventing floating on the water surface after 

fertilization, and remarkably reducing the amount of dust generation.  

0 [DETAILED DESCRIPTION OF THE EMBODIMENTS] 

Hereinafter, the present invention will be explained in detail through Examples 

and Experimental Examples, but these Examples and Experimental Examples are 

presented only as the illustration of the present invention, and the scope of the present 

invention is not limited thereby.  

5 

Examples 1 to 13 and Comparative Examples 1 to 3: Preparation of 

controlled-release type fertilizer 

In order to confirm floating properties according to the compositions of 

controlled-release type fertilizers, controlled-release type fertilizers were prepared using 

20 the additives and inorganic powders corresponding to the conditions of the following 

Table 1.  

6a



[Table 1] 

Additive Proper Introduc Weight Molecular Addit Inorgani Specific Introdu mixabil Floating 
(EO- ty of tion ratio of weight of ive c surface ction ity rate 
PO-EO additiv amount EO in hydropho HLB powder area of amoun (%) 
or PO- e of additiv bic group inorgani t of 
EO-PO) additive e in additive c inorga 

(wt%) (%) powder nic 
(m 2/g) powde 

r 
(wt%) 

Examp Pluronic Liquid 0.5 10 4,000 2 - - - 0 0 
le 1 L 121 
Examp Pluronic Liquid 0.5 10 1,750 3 - - - 0 0 
le2 L61 
Examp Pluronic Liquid 0.5 5 3,124 1 - - - 0 0 
le 3 L31 R1 
Examp Pluronic Liquid 0.5 10 950 3 - - - 0 42 
le4 L31 
Examp Pluronic Liquid 0.5 50 950 10 - - - 0 50 
le5 L35 
Examp Pluronic Liquid 0.5 40 1,750 8 - - - a 88 
le6 L64 
Examp Pluronic Liquid 0.5 50 1,070 9 - - - 0 93 
le 7 L 1OR5 
Examp Pluronic liquid 0.1 10 4,000 2 - - - a 2 
le 8 L 121 
Examp Pluronic Liquid 0.1 10 1,750 3 - - - a 2 
le9 L61 
Examp Pluronic Liquid 0.1 5 3,124 1 - - - a 4 
le 10 L 31R1 
Examp Pluronic Liquid 0.025 5 3,124 1 - - - a 15 
le 11 L31R1 
Examp Pluronic Liquid 0.025 10 4,000 2 Sipernat 190 0.1 a 0 
le 12 L 121 22S 
Examp Pluronic Liquid 0.025 5 3,124 1 Sipernat 190 0.1 a 0 
le 13 L 31R1 22S 
Comp None - 0 0 0 - - - - - 100 
arative 
Examp 
le 1 
Comp Pluronic solid 0.5 70 4,000 14 - - - X 100 
arative F 127 
Examp 
le 2 
Comp Pluronic Solid 0.5 70 2,332 14 - - - X 100 
arative E 87 
Examp Prill 
le3 
Comp Pluronic Solid 0.5 80 1,750 16 - - - X 100 
arative F 68 
Examp 
le 4 

Specifically, first, a granular fertilizer coated with olefin-based resin was 
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prepared using a fluidized bed type preparation apparatus. Specifically, hot air was 

applied at the lower part of the fluidized bed type preparation apparatus to make the 

fertilizer particles float in the air flow, and then, a coating solution was sprayed through 

an inlet installed on the side. The above process was conducted until the final coating 

5 amount became 10 wt%, and the solvent was condensed and recovered through a 

condenser. After the spraying of the solution was finished, only hot air was sprayed to 

dry, thus preparing a granular fertilizer having a coating layer comprising olefin-based 

resin. 45g of the granular fertilizer having a particle diameter of about 4 mm, prepared 

as described above, was filled in a 70 ml vial, and then, the additive (surfactant) 

10 described in Table 1 was introduced in the amount of 0.025 to 0.5 wt%, based on the 

total weight of the fertilizer, and the inorganic powder was introduced in the amount of 

0.1 wt%, based on the total weight of the fertilizer. They were mixed for 1 minute on a 

roller mixer rotating at 60 rpm to prepare a controlled-release type fertilizer.  

15 Experimental Example 1: Examination of the floating property of 

controlled-release type fertilizer 

In order to examine the floating properties of the controlled-release type 

fertilizers prepared according to Examples 1 to 13 and Comparative Examples 1 to 3, 

the floating rates were measured. Specifically, about 300 coated fertilizers were spread 

20 in a 600ml beaker so as not to overlap, and then, 50ml of water was slowly introduced 

along the wall surface of the beaker. The floating rate was calculated as the percentage 

of the number of particles floated on the water surface after the introduction of water, 

compared to the total number of particles. If the floating rate is less than 100%, it was 

judged that there is floating prevention effect, and the calculated floating rates were 

25 shown in the Table 1.  

Specifically, as the result of confirming the floating properties of Examples 1 to 

13 and Comparative Examples 1 to 3, the followings are confirmed.  

30 1) In case the property of the additive is liquid, mixability is very good, and thus, 
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it was uniformly attached to the granular fertilizer only by 60 rpm roller mixing for 1 

minute. As the result, when the additive was introduced in the amount of 0.5 wt%, the 

effect for decreasing the floating property of the fertilizer was exhibited.  

2) Examples 1 to 7 are the additives having HLB of 1 or more and 10 or less, 

5 wherein the rate of hydrophilic group EO is 5~50 wt%, and the molecular weight of 

hydrophobic group is 950 or more and 4,000 or less. When the corresponding additive 

was introduced in the amount of 0.5 wt%, the effect for decreasing the floating property 

was confirmed.  

3) When the introduction amount of the additive is identical (0.5 wt%), in case 

10 the rate of EO is 40 wt% or more, the floating rate was 40% or more (See Table 1 

regarding Examples 5 to 7). And, in the case of Examples 2 and 6 and Comparative 

Example 4 wherein the molecular weight of hydrophobic group is identical and only the 

rate of EO is different, as the EO rate increases, HLB increases, and the interaction with 

water acts more than with the surface of the fertilizer coating, and thus, the floating 

15 property decrease effect is lowered. Thus, it can be seen that the additives having the 

rate of hydrophilic group EO of 5~40 wt%, and HLB of 1 or more and 5 or less exhibit 

more preferable properties of a controlled-release type fertilizer.  

4) Example 4 has EO rate of 10%, similarly to Examples 1 and 2, and has low 

HLB of 3, but the floating property decrease effect was low. It is judged that the 

20 molecular weight of the hydrophobic group is relatively small, and thus, the additive is 

not sufficiently attached to the surface of the granular fertilizer by weak mixing for a 

short time. Thus, it can be seen that it is most preferable when the molecular weight of 

the additive is 1,500 or more and 4,000 or less.  

5) As seen in Example 11, reduction of the additive introduction amount to 0.025 

25 wt% also results in floating property prevention effect. Thus, it can be seen that it is 

preferable when the introduction amount of the additive is 0.025 wt% or more and 0.5 

wt% or less, based on the weight of the fertilizer.  

6) Examples 12 and 13 attach the inorganic powders and surfactants together, 

and it can be seen that when the introduction amount of the surfactant is 0.025 wt%, in 

30 case the inorganic powder is introduced in the amount of 0.1 wt%, floating property is 
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further decreased, compared to using the surfactant alone.  

7) In the case of Comparative Example 1 wherein additive is not introduced, the 

floating rate was 100%.  

8) In Comparative Examples 2 to 4 wherein the property of the additive is solid, 

5 mixability was not good, and thus, the additive was not uniformly attached to the 

granular fertilizers by 60 rpm roller mixing for 1 minute. As the result, when the additive 

was introduced in the amount of 0.5 wt%, the floating rate of the fertilizer was 100%, 

and thus, the floating property was not decreased at all.  

9) Even if the EO rate in the additive is less than 40%, in case the molecular 

10 weight of hydrophobic group is 1,500 or less, the additive was not sufficiently attached 

to the surface of the granular fertilizer by weak mixing for 1 minute.  

As explained above, in the present invention, tri-block copolymer having 

characteristic properties is attached to and coated on a granular fertilizer, thereby 

15 exhibiting excellent floating property decrease effect.  

A reference herein to a patent document or other matter which is given as prior 

art is not to be taken as an admission that the document or matter was known or that 

the information it contains was part of the common general knowledge as at the priority 

20 date of any of the claims.  

Where the terms "comprise", "comprises", "comprised" or "comprising" are used 

in this specification (including the claims) they are to be interpreted as specifying the 

presence of the stated features, integers, steps or components, but not precluding the 

presence of one or more other features, integers, steps or components, or group thereof.  

25 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A controlled-release type fertilizer comprising a granular fertilizer core; a coating 

layer(shell) formed on the surface of the granular fertilizer core, the coating layer 

comprising an olefin-based resin; and additives attached on the coating layer, the 

additives comprising an ethylene oxide-propylene oxide-ethylene oxide(EO-PO-EO) or 

propylene oxide-ethylene oxide-propylene oxide(PO-EO-PO) tri-block copolymer, 

wherein the ethylene oxide-propylene oxide-ethylene oxide(EO-PO-EO) or 

propylene oxide-ethylene oxide-propylene oxide(PO-EO-PO) tri-block copolymer has an 

HLB value of 1 to 10; and 

wherein the ethylene oxide in the tri-block copolymer is 5 to 50 wt%, based on the 

total weight of the tri-block copolymer.  

2. The controlled-release type fertilizer according to claim 1, wherein the olefin-based 

resin is polyolefin or copolymer of olefin and ethylene vinyl acetate.  

3. The controlled-release type fertilizer according to claim 1 or claim 2, wherein the 

propylene oxide in the tri-block copolymer has a weight average molecular weight of 

950 to 4,000 Da.  

4. The controlled-release type fertilizer according to any one of claims 1 to 3, wherein 

the propylene oxide in the tri-block copolymer is 50 to 95 wt%, based on the total weight 

of the tri-block copolymer.  

5. The controlled-release type fertilizer according to any one of claims 1 to 3, wherein 

the ethylene oxide in the tri-block copolymer has a weight average molecular weight of 

50 to 2,000 Da.  

6. The controlled-release type fertilizer according to any one of claims 1 to 5, wherein 

the introduction amount of the additives is 0.025 wt% to 0.5 wt%, based on the weight of 

11



the controlled-release type fertilizer.  

7. The controlled-release type fertilizer according to any one of claims 1 to 6, wherein 

the additives further comprise inorganic powder.  

8. The controlled-release type fertilizer according to claim 7, wherein the inorganic 

powder has a specific surface area of 100 m 2/g to 500 m 2/g.  

9. The controlled-release type fertilizer according to claim 7, wherein the inorganic 

powder has a particle size of 1tm to 500tm.  

10. The controlled-release type fertilizer according to claim 7, wherein the inorganic 

powder is hydrophilic inorganic powder having a hydroxyl group.  

11. The controlled-release type fertilizer according to claim 7, wherein the inorganic 

powder is included in the amount of 0.01 wt% to 1 wt%, based on the weight of the 

controlled-release type fertilizer.  

12. A method for preparing a controlled-release type fertilizer, comprising the steps of: 

i) coating the surface of a granular fertilizer core with a coating composition 

comprising olefin-based resin to form a first coating layer; and 

ii) coating the first coating layer with additives comprising an ethylene oxide

propylene oxide-ethylene oxide(EO-PO-EO) or a propylene oxide-ethylene oxide

propylene oxide(PO-EO-PO) tri-block copolymer, 

wherein the ethylene oxide-propylene oxide-ethylene oxide(EO-PO-EO) or 

propylene oxide-ethylene oxide-propylene oxide(PO-EO-PO) tri-block copolymer has an 

HLB value of 1 to 10; and 

wherein the ethylene oxide in the tri-block copolymer is 5 to 50 wt%, based on the 

total weight of the tri-block copolymer.  
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