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Fabrication of Mineral Coating for Slow-releasing Action
and Characteristic

Byoung-Gon Kim, Gye-Seung Lee, Chong-Lyuck Park,
Ho-Seok Jeon, Jong-Myung Choi', and Lee-Yul Kim”

Korea Institute of Geoscience and Mineral Resources (KIGAM), Daejeon 305-350, Korea
'Division of Hotriculture and Landscape Architecture, PaiChai University, Daejeon 302-735, Korea
*National Institute of Agricultural Science and Technology, Suwon 441-707, Korea

Porous mineral coating have been fabricated and applied for basic research on their slow release action to
a fertilizer. Feldspar was selected as raw mineral for the coating and two different particle sizes of powder
were prepared. Slow-release action was estimated by using a potassium sulfate fertilizer. Spherical pellets
were prepared with a pan-type pelletizer and then screened into sizes ranging 1.4 to 2.35mm. While the
fertilizer pellets were rotated in the pelletizer again, the feldspar powder and 0.5% polyvinyl alcohol
solution were simultaneously sprayed on the pellets. The fertilizer pellets coated with feldspar powder were
fabricated. The pellets were heated to increase their strength and screened to sort by coating thickness.
Potassium releasing tests were conducted for 40 days and the performance for slow-release action was
estimated as functions of the heating temperature, coating thickness and raw mineral powder size. The
Burst effect caused high initial releasing rate. Releasing kinetics was proportional to concentration of
potassium in pellets. The pellet that was fabricated with 27.4m-sized feldspar and heated at 1050°C

showed a releasing rate of 43% on the 40th day.

Key words: Slow-release, Mineral coating, Pore, Releasing test, Fertilizer
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Fig. 1. Apparatus for release-test.

Table 1. Size of the fabricated pellets and abbreviations (K2SO4 : 1.4~2.35mm).

Coated in Feldspar-1

Coated in Feldspar-2

Size of pellets

2.35~3.36mm 3.36~4mm 2.35~3.36mm 3.36~4mm
Abbreviation of pellet roasted at 1000C 1-a-1000 1-b-1000 2-a-1000 2-b-1000
Abbreviation of pellet roasted at 1050C 1-a-1050 1-b-1050 2-a-1050 2-b-1050
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Table 2. Composition of feldspar.

Si0z ALO:s Fex03 CaO MgO K20 NaO Ig/loss
Ratio 73.71 15.62 0.07 0.34 0.02 3.02 6.54 0.16
9
L Q : Quartz Feldspar D
A . i L - 50
A Albite 8 3 e
L 5[ 27.4um
6
> | 5
[0}
E T A
sl
2+
1k
0 I 1
1000
26 (Cu Ka) Size distribution (um)
Fig. 2. X-ray diffraction pattern of feldspar sample. Fig. 3. Size distribution of feldspar.

Kzs;:gs';

(@)

1 4-2. 35 mm / _ 2.35-3.35 .mm . 3.35-4mm Fig. 5. SEM photographs of pellets ((a): partial cross section of
K;SO, pellet : coated pellet ', the polished pellet, (b): partial section of feldspar compacts).

Fig. 4. Photographs of pellets (heated at 1000°C for 2hrs).
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Table 3. Bulk density of pellets (made by only feldspar without fertilizer, size: 2.35~3.36mm).

Feldspar-1

Feldspar-2

Heating temperature -
1000C

1050C

1000C 1050C

Bulk density (kg m™) 1293

1493

1762 1839




ofd
e

o] A71€ 3mm=z 7hgste] zt FEle] HE bulk

densityE W] gk Fo|t}

A oA FIIIA AEF e} po] Yrrz o
o] W Wol § xWaA Q50 7] Fo] oA
T EEEES %2 5 dE AL Awday

2 AFolA AREe HEla 72 reservoir systemOl]
A AL durz o7 fick's laws wWEt
(Friedman and Mualem, 1994) o]+ 9] F-9} W F ol A
o B Frato] gk ko] FA 9L FRA
o kD)ol H#HshHE s vERATE e o]
< 9RE A&HH2 &Fo] Y& Aol e, &

Zds G2l 7N (L) ofl A

o7 FXAYFAA

HEE, £E9 ddoe] tET

il R A" FEA T A

A G Aol FuiAFIE A SUste &4t
al

Al wekA = gfdo] Rt

&
o

R O |

rJ
=
>
2
g,

i o

S lo

o

2

Pellet
Exterior
Core water
(K509 layer

Concentration profile (High D)

===~ (Low D)

Profile
AT before
7 release

Profile P
after
release

Fig. 8 Hypothetical profile of concentration in the mineral
coating.

EEER !

to,
fole

} 5 A 381

k

o

e mo KT

Fig8a ¥ AolA vehd &
FEAWFAA 2] olFHEd
s}k 1ol STt wE F -

|

o ool WE WF FEI} W

=

L) 1

Lo
2 Mr 2

o[\
N
)
of
ol
O

oz N, M
e Z
of Kl 2 4 Lo

9 Txza w3 Au wEd %7
3™ burst effect7} dojd & w3 =t} vl
gasEer 22 A (@D deE ¢ ]
HolFo] =& TE, F 2

o
=

oo Kot U oHo > o 1 o

b
3
ot
~

. S,
o wEkA Fig6d 79 &&FF FolA
burst effect’} A YElUR R JE o] &3 0]
=7F vl 29y A4 4 Qo

SEEET oF TYHH HAEEY ddS e
At Fig9s "o Foldes ZAF 42 7
S}3l first order kineticS #£3F ZA¥olt} (Savant
et al, 1993). ZLHolA HTo] 74 o]FHE &F
< In(1-Ms) 3 AIZFE] e 2o A FHHOE Ve
= $EEE7F A3y AE v vEds o

o
nﬂ

=
e}t (Ms = Mass of released potassium)

2 AFE FEVINY FRAE AFES sl
o3 a4 s T AT VRATEAN FETF
AT Ba HUZEES zPste] FEA PHe)
Fedhe BT Ao BEAE Fol oF 72A
Az 5o A7 mope] el sey Fol WA
F 5o U F7 AT Fol "es, Ax%y F
of 245 W] A7) W] oje] 2] o)
& BEEA RO ol wagel @ FxA A
WS =Qstel shgel bssdy BuEn

-06 -

-08 -

1-a-1000 O 2-a-1000
1-a-1050 O 2-a-1050
1-b-1000 A 2-b-1000
1-b-1050 2-b-1050
T T T T T T T g T v T T T

5 10 15 20 25 30 35 40

Time (Day)

In (Remained ratio in pellet)

<4pom

Fig. 9. Time versus natural logarithm of remained potassium
in the pellets (Room temperature).



382 AL - AT -
A

o] dygoz Az o9
et 274me F 7R AART
AzsAT, FRA FA} aAsE
£E s d3le Axdn §54YL B

TxAC SEA BATHS Hrlety

burst effect® 37} 7{

mlmg—p

o
N,
>
&
o
2
fr K2
: o
e
£
i

=2,
i)
I
ol

first order kinetic®] =¥l
HaYE 274mel FHoZ 1~2.6mm—‘:r771]94
FTEZAZ WHEo] 1050CoA] 2Add dE e
4099 £&80] oF 43%= Yeh it

kg
oflt

o E 2 of

2
rle

Fertilizer International, 2005,No 407 July-August
Friedman, S. R., Mualem, Y., 1994, Diffusion of fertilizers from

fol
2

controlled-release sources uniformly distributed in soil, Fertilizer
Research 39: 19-30

Kang, B., Ha, B., Park, K., Park, M., Sohn, B. Jung, Y., Heo, J.,
Cho, J. 2002, Nitrogen release and polymer degradationproperties
of polymer-coated urea fertilizer in soil, J. Korean Soc. Soil Sci.
Fert. 35(5), 264-271

Kim, B. J., Park, M., Hur, N. H., Choi, J., 1991, Absorption of
methyl 2-benzimidazole carbamate on clay minerals, J. Korean
Agric. Chem. Soc. 34(2), 125-129

Kim, Y. S. and Chi. J. M., 1994, Mineralization of Buyeo feldspar
ore deposit, Korean J. Soc. Geosystem Eng., 31, 269-284.

Kim, Y. W., Lee, H. H., Yoon, C. H., Shin, B. S., Kim, K. S., 1998,
Synthesis of artificial zeolite from fly ash for preparing nursery
bed soils and the effects in the growth of chinese cabbage, J. Soil
Sci. Plant Nutr., 31(2), 95-106.

Liu, F., Wen, L., Li, Z., Yu, W., Sun, H., Chen, J., 2006, Porous
hollow silica nanoparticles as controlled delivery system for water-
soluble pesticide, Materials Reserch Bulletin, 41, 2268-2275

Park, M., Hur, N. H., Choi, J., 1999, Development of zeolite
material for agriculture, Proceeding of spring conference of The
Korean Society for Applied Biological Chemistry, 58

Sakata, N., Yamamoto, K., Nakahara, H., and Marumoto, T. 1995,
Moving nitrogen from coating fertilizer in soil, Jpn. J. Soil Sci.
Plant Nutr., 66( 3), 253-258

Savant, NK., James, AF., McClellan, GH., 1983, Urea release from
silicate-and polymer-coated urea in water and a simulated wetland
soil, Fertilizer Research 4. 191-199

Yao, Y., Hidaka, S., 2001, Solubility and crop response of fused
potassium silicate fertilizer, Jpn. J. Soil Sci. Plant Nutr., 72, 6, 775-
779



