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Summary (g =R 2FA])

Urea has been the most preferred nitrogen source among various
commercial nitrogen sources. Currently, it is estimated that about one hundred
million tons of N fertilizers are applied to the agricultural fields annually.
However, merely 30—50 % of applied nitrogen fertilizers could be assimilated into
the crops. Furthermore, during their decomposition, a vast quantity of NO3—,
NH3 and NOx gases are lost from the soils through the process of leaching and
volatilization. A straightforward breakthrough to this problem would be
enhancement of the application efficiency of nitrogen fertilizers, especially rapidly
effective nitrogen fertilizers such as urea. In this study, we report the
hybridization of metal—urea complexes with montmorillonite (MMT) to
innovatively enhance the efficiency of urea without implying any adverse effects

on the rapid effectiveness of urea.

Hybrid fertilizer which was composed of the metal(urea)x complex—MMT
(MUMHs) was synthesized by the reaction of air—dried MMT with molten urea
and metal chloride or nitrate salt at 103+2°C for 4hr under an ambient pressure.
Characterization of MUMHs was performed by various instrumental techniques
such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FT—IR), thermal analysis, Scanning electron microscope image (SEM), and
X—ray fluorescence spectroscopy (XRF). Effects of hybridization on the
decomposition of urea and crop yields in a soil were examined by the pot and
field experiments. For the commercial purposes, we manufactured the hybrid
fertilizer by using the pilot plant, and examined its property as well as added

function by the treatment of organic acid.

When some guest molecule intercalated within MMT, the interlayer
space of complexes should be expanded by the degree of same height as the

substrate. The d spacing of (001) peak of MUMHs was found to be ~17A.

_16_



This result strongly suggests that urea intercalation proceeds through the
formation of Ca/Mg(urea)x complex cations. The presence of Ca/Mg(urea)x
complex in MUMHs was further confirmed by characteristic IR absorption
clearly distinguished from that of urea. The complexes resulted in a distinct
shift of the CO bending and stretching vibrations into the lower wave number
region and the CN asymmetry stretching vibration into the higher. For the
synthesis of hybrid fertilizer (MUMHs), the optimal molar ratio of MMT and
the eutectic solutions was a weight ratio of 1:1, and the optimal temperature and
reaction time were 103%2C and 4 hrs respectively. After the synthesis of
MUMHs, it did not show any change or destruction in the framework of MMT
but urea within the MUMHs showed a better thermal stability compared with

that of urea alone.

The release pattern of urea from MUMHs was similar to that of urea
by a flow experimental method. But rapid effectiveness and protection of the
intercalated urea against rapid degradation were demonstrated by its behavior in
soil. Compared with urea and mixture, the MUMHs showed a significant
resistance against degradation in the soil. Furthermore, the yields and N uptake
of kale plant were higher in MUMHs treatment than in those of urea treatment,
even MUMHs—70 treatment in which the amount of applied urea was reduced
by 30 % as compared with that of the MUMHs, showed the similar or higher

yields and N contents of urea treatment in both the pot and field experiments.

Application of hybrid fertilizer synthesized in the presence of organic
acid significantly decreased the N:O emissions from urea fertilizer. And NHj
volatilization of MUMHs with organic acid was extremely decreased implying

that organic acid decreases the soil pH.

We built pilot system and successfully manufactured the trial product for
the practical application of hybrid fertilizer in the field. The amounts of harmful
components and heavy metals in this product were below the permitted level for

the registration of fertilizer.
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%2 e Aol AsH Ege) o]sey 54
NH," =N NO3; —N Total N Sand Silt Clay Ca Mg
Soil
pH
Texture
mg kg_l mg kg_l g kg_l % % % cmol/kg cmol/kg

5.0 23.1 202.4 1.7 47 42 11 Clay Loam 26.2 34.0

ARZL 4. Hybrid Bl& H7F A B9 & MMTO| o] & AREA.
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6. Hybrid ¥ 52| ZF=o] o3t 7]5A AT

7 A=

Hybrid H]£(MUMHs)E 7]£9¢ 84 H#E7} 7= S48 B2 obds)
A MMT WiFo taFe] 245 Edstozn B dire] 3 2 A W
13 4= vk 53], AR A 9} o] Al Tl A AufEE 2B TS

F9E ke WA U 5 Ak 3H 5L aestel AUAM FEZA o
ALl pot AL Walshel hybrid W se] Ao Ulg A4 GAE AR

J5(Lactuca sativa L.)& HA|vlEFolglon, SHE HJE uFslo

%
_0|L

32
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ol

4.9kg/10a, ZFe] 4.3kg/10a°] +=38t= 249 KH.POE A
2]} Urea A ]7ol 5.1kg N/10a°] s1F38H= hybrid H]ES 2425 Hse
™ Hybrid 1/2 2 Hybrid 2/3& Hybridx 272 1/23 2/39)] d|dstes &S A
stk M@ HelE FAE T, 84, Hybrid 1/2, Hybrid 2/3, Hybrid A&e] 5%
gl e SNk o R AIFS F3aqitt

AL (Kale)S olro}FHe] EZFZH(Portugal, Brassica oleracea var.
alboglabra bailey) ¥&< 409 &<t SHS & AFo] H4Ugt BFE potAlFoll A
g3skolth. 72 = potd 84 0.37 g KHPOE 0.63 g& Al&stel Ax
5.2kg/10a, AUAF 9.8kg/10a, 7}2] 6.6kg/10a A=) AlH|Fo] H % sglon, F1]
2 hybrid Bl 59} urea 27"l 0.336g N/kgell 3Est= Al5E ATt AlE
T Ad= A, hybrid H1& A, Urea *2] & 327l thato] k<l ofulA]

SHbE o w2 AIFS s T(A 4).
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7. Hybrid ¥]59] #=A5 a3

Hybrid Bl&e] Zldel Bk A5a s A7kstr] A% 24AHE F 6 m
dol 21 m A7) H7A B FoE A0 ARV edT £ W

s7Fd Wldske-s Weld 2del AA st AgWES AP,
)

5AETRA A WA 4.8 m°® dto] Ty 3wE o R wisAtH(AR 5
F=x).

A (Kale)> ofr|o}EH e ¥ 257ZH(Portugal, Brassica oleracea var.
alboglabra bailey) #%& 40¥€ &<t SHSE & AFo] f4Us XFS AAAL
40x50 cm®| HA LR 7 2475 E Gtk AU AviAl 77 292 A
HAE 4 (NetafimAh, A47] 244 15 cm)E A X8t E
AE Bl 15 cm7hA] WAl & —25

k
~10 kPa7h B WA BESh 92 ) 71e0] 30C o3 A% 3L A

) Ex.—cations Texture
Organic _
pH P20s5 (cmol+/kg) EC T—N NOs (wt %)
matter
(1:5) (mg/kg) (ds/n (g/kg)  (ppm)
(%) K* Ca®* Mg’ Clay Silt Sand
5.8 1.9 177 0.28 3.31 1.49 0.2 1.4 11.25 34 32 34
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AR 5. Ade] E4AE AT

AP 291 W YR L A

3 3. XA
SRR H 248 (%) AR =
Control - -

Urea N 46% 20.9 kg/10a
=94 =3 N 19.0%, Ca 3.5%, Mg 2.5% 48.6 kg/10a
Hybrid—70 N 19.0%, Ca 3.5%, Mg 2.5% 34.0 kg/10a
Hybrid—100 N 19.0%, Ca 3.5%, Mg 2.5% 48.6 kg/10a

* AL AA $AE AHF 9.6kg/10a 7|5 (FEXTH FFEAH = 1999)
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BHEbA(COy) el Hlal F-] 206wt ol=3 ob”. webd HEE AR Q4o
N ORS 7] & ats Zol: AL Argd ZHL B2 AP 298 7HAao
Fod w9l o] 2 % 3o

B FEUoks H ke ash B tvle] BEe] A@eA Han i)
CEE e AroA w4, HHE H$ F2o] 1Al € AgHE F4Y g
AAN A4e fadch g FE 4Y 2700 vEE A8 2k F49
NH;ol @43 Fols A& &4 T ndstszs) e 2dd0A & Y

7} Hybrid B]5&¢] N,O 4F A7 a3

AL (Kale)S ofrlolsH e X E5ZH(Portugal, Brassica oleracea var.

=

aggk & 2AoA 40U S FHIHL
Faek ALdAmE e WA 18 cm, %ol
20 cm® PVC ELEo| B 4 kg2 7[H]|Z 1.25 g/em® AE HA 278 & Ax
5.2kg/10a, 214+ 9.8kg/10a, 7}&] 6.6kg/10a FEo] AlH|FHo] H == 319 2™, urea
0.45g, KH:PO, 0.63gS EFgwe] Alg3slglon 0= 0.386 gdl s)Esl= A
2Fel  hybrid7E No] ¥3¥ hybrid HIEE 1.07 g Urea AZTE urea
NP(ISOTEC™) & 0.84 g, Bejd o &3 g+ urea N(ISOTEC™) 0.84
gZt MMTE 1.07 g £33l A]-&3}3 Tt
ANdT Age FA48, Urea, 2eld o= 2313 A2 (urea, &Y, =5
2UolE 54 &3}), hybrid—70(hybrid d=2] 30% 7F%F), hybrid—100 & 53¢
Toll tiate] S doulx] 5] AgFR wixEte] AFdS A THA 6).
ALel F82 9lo] A77t ol &nty oo R wlE 9lS 8% & FA]

3T 3T
el BFol A Tl AAAEE ol gdtel Bl £AFS T

I
alboglabra bailey) #&S Qo &84 E

{1

Beol A BES potA Bl AHE

¢

u

_H
£
[y

PN
N30 gas™ Lei Meng 5'”0] A48 close—chamber methodE W35
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depitt. 7k e 9% PVC AW AR 63 #Zo] WA 18 cm, x°] 20 cm®
PVCE AREsIl o™, potst W Apolol= aFats Faeta AejZeds U
7m0l FES WAEIth 28 A Addls kAR S e AN BRE
B3I TE TFAAEE FH] AR F 1,2, 3,4, 6,7, 8,11, 14, 17, 21, 24 2 30Y
of MHASIR LW, dwste] wE FFS HAsIHr] st 2 9AA 11A] AL
old AEAFHAE dmdtlth 7tAEFAAE D5 F 304, 1AIZE $6l 50 ml Al

=
2 AHePon, AL} 7] LuIEA(TR-71S, T&D)E o] &3te] ZA &3]

ARZL 6. NoO S Al A8 & A A4,

N:0O #42 N8 T A8t 3 AMAE AAGY] 9] ARy

o 10 port valve, 6 port valve ¥ 4 port valveE F&3t 7}~ F 2vlE 123 (Gas
chromatography, Varian CP—3800)& ©]-&3lo] #4383t N.O v & 2 @9 A3t
el @i s g wjEsks o= yehder, 7ka AW e N0 §&°
s} 723, A RS AR fFaEe]l T2 7SR sto] ol o] Ao whet wy
#(Flux, mg/m*/h)<S AXFaS

T ®

Flux=pXV/AX AC/Atx273/T or pxhxAC/Atx273/T
p : coefficiency (pN20=1.25), A : chamber area(m?®), V : chamber volume (m®)

h : chamber height(m), AC/4t : N,O concentration per hour
T : chamber air temperature (T=273K)
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Gas chromatography 2

§_]_,

4. N,O 245 4

B

Gas chromatography (Varian, CP—3800)

Electron capture detector

Instrument
Detector
Column

Porpak Q(1/8"<1m, 80~100 mesh)

Porpak Q(1/8"<2m, 80~100 mesh)

2

N

Carrier gas
Flow rate

40ml/min
60°C
150C

Detector 300C

Oven

Temperature

Injector

do] F-7FE hybrid H& 7R

=
6}

. 7]

K

el

Tol om, NHzo 32k &

i

==
i)

AL hybrid H]
Hl 59 NH; 3

o
S Eole
Al XN A

%

o
E ol A

=
=

ESRER-S)
Aol

o]

}1\_]:

=2 1=

R

7 stE R

]

o] %A

&

0

S
G

¥ hybrid v]E7} B4

100

o O
>

G('HN+

o
M~

me

|
il N ol e =
LO: Ly sk uen e e

e

HN 30 % s€) " "HN

11

10
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N, T s

72541 7] (-=COOH)

7HAIH,

=
=

8 f71AF—Hybrid RI=E A F3H3i
AE71(=S05H)

s

-

o

iz

o] $-FE Ao deA AP

[€)

-

SERY

=

[€)

)

el

ik Aeds] <

[

a8 78 F71AF—Hybrid vl 5.9 A|ZAo|tt, 7]£9] hybrid ¥ 89 A%

(1) 7]2F—Hybrid ¥ & A =*

3 sk

Al hybrid =% oiH] 0.1~

BH

4r

T
4r
st

(Ca/Mg)

dA]

1ol

"T
i

shel et

9

7}

=]
™

715kS

o

i

4
!

4% 2]

ol
pay
X

i

+ Metal complex

[M(urea)x]?* complex
Eutetic solution

|4
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fol
i)

705 ol&ste] F7]4k—Hybrid Hl&e] 2= A & NHs 34+ A3t
ZAFsEI T

S0+ AHFEF ZElok () W S/ (Perilla frutescens var. japonica) 3%
e 5

i

of

S Ao g AE }Fd T Ao 259 Fob FHIL HHo] #UI &
pot Al &l A3t E 300 go 84 (urea) PO 2 2,000 mg/kgol lFEHE=
%S Urea AT, 2214 &3 A2 (MMT—mix), Hybrid A 2]+, F+4—Hybrid
2] T (Cit—hybrid) 2 o] 212t top dressing 3 TS, to] A 2AS &4 &}
NHzoll o3t 93] FAS FAATHAR 7). 28713 & %% 20~35T o]3le
o, AEEE 70~90% °]Ath.

SN
=

Urea

- 44 -



Al 3 A At

rE
)

1. Hybrid v & &4 7]

d

7}, @A —32% ZEEE [{M(urea)x}* complex]e] HA &8 =7

b
(N

lo
e
of
kT

(1) @ FF B2 a2-3% 4398

7 mtavle(Mg) 959 2a-u5% A3ge

BEE FAEFEU MMT S3tel|l #38d=s =dst7] faiMe aa-a5%
@ =gEo] ds] &5Ho FHEFEo] FAH o @& (urea)d] 3 2 W
A gle] MMT$}F hybridizatione] 7Fsaltl. @49t ZAdolE 3gtE FAS 93
253 5E T utadlEes XEste a59e®2 MgCl,  MgCly 6H:0,
Mg(NO3)2:6H:0 5& AH&3te] 105£2C oA &-§ 9 (Eutectic solution) 4 AF-&
AT 1 A% &5E 9 99 2% oA FAREHSHA H wkd &

&
o] ¥7] ¢+ AL FAMHAY & A &= Bo] o R FAs FRHAT
(AFZ18). uhebA] E
7F 9 o)A A9, MgCly6H09F Mg(NO3)2 6H,000 4= 242 Z8]7F 64 w3l
o} o9} e FH|o] AolE F&Ad AfE B Exbel 7|dg Aoz duEn,

9

B ATAE B 2ae) w98 Hasn o Be 84AE =9stad MeCLE A

31900}

¥ 5. Eutectic €95 S A vfadla@ 3 .49 4 & v &

Moral ratios of Reactants Reaction time A property of matter
MgCls Bburea 1 hr No melting
MgCls urea 1 hr No melting
MgCls 9urea 1 hr Melting

MgClo:6H20 Bburea 20 min Melting

Mg(NO3)2-6H20 6urea 20 min Melting
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MgCly,—9Urea.

FEGY 240 BuE 197 249 94-F5% FIgE A% Je =
A e ste] Heojd EFEA(FT-IR)S A3 28 83 Zokth 24+ 3352,
3352 em '(NH.9] th 3} vt AF2%EolA 7]1¢1), 1683 cm '(CO AFH T 7]
°1), 1633, 16061 cm ™ '(NH¢] plane bending 71¢1), 1467 cm™(NCN Hth3 21337
Zo A 7191), 1050, 1155cm “(NH»9] rocking 7121) 789 cm '(CONN twisting®l A]
7181), 723 cm” '(NH.9] waggingol Al 7]181)oll A &< bandS YERIH, o]} 2
o A g2 AFAET o W An fAE AP axe] F
bando] t}.

WAoo MgClet 84 ZHE 1198 24" e4-F59 F3gEe FA13
Blo] &4 bands YERNAAY, EHe] &5 band9] ©]&(shift)e] ™
ZE At olgdt AFE 849 F&5de] s AFS IAFoEN YEE
Apo @

COZYE 791" 789 cm 9} 1683 cm™' &4 band”} z+7; 785 2 1674



o] NHz9] H'7} MgCloe] Cl'#he] Agte] 7]¢18 8wl olg}t 1&9] Mgo] Hu=
7H 7 e 63 84 o9 55 FAIFES FAHSHA ¥ 849 NH.9 H
b NH:CONH,¢| 09 542%ow Qs NHe| Agdo] okaide] el vyehts
oz Ayt 8 A-F5% 2egE P o8] vely s 14489F 1697
em'e] MR FS bandis 717 o] R0l @ £ MCLEFE 7]
ol®l Ao At M.S. Miao =V wlzm @ =

Agel= AA CNe| Ag ol
SHSlh olgst Ay Ao A 535t EY a4 &gRkso] HHEHA R

P A5 om e

rlr
L
9,
o
%)
l
= b
kel
_0|L
32
rlr
in}
o,
S
24_,
°
5

@)
o
Lo

1022
1072
3215

B) Eutetic T

1161

3342

3456 »
=C-0 789

1005
1043

A) Urea

A
1674 1659

v, INH, 3346

v, NH, 3441 poNH, 1155

vC01682 4 &
1528 1663

kE1] 0 130 120 1700 1600 1500 1400 1300 1200 1100 1000 L &0 00

Wavenumber{cm) Wavenumber(cml) Wavenumber{cml)
¥ 7. Mg—urea #st3Ee] F8 FH Aol EFEA. A) 84, B) Mg—urea
2 shehE (2.4 MgCl=9:1).

a9t dHelE IgtE A4S A e 559 o= CaCl,
Ca(NO3)24H,08 Ab&3ste]l AR 23, CaCl9t 84 109 ode] Hl&olA &
3 8

N FAskah Ca(NOy)»4H:0= 8429 = w7}



[€)

Q

5AIZE o]

=

No melting
melting
melting

No melting

of AJZko]l At =3

Clear melting

LN
-

)=
partially precipitation

A propety of matter

103+£2CellA 40

1 hr
1 hr
1 hr
20 min
20 min

™, Ca(NO3)»4H,O <}
20 min

-
-

Reaction time

o

ol Mg(NO3)2-6H:0 + 6 urea

X

o
A

°©

71 €

A}S

J =] A
urea
9urea
4urea
Turea
durea

QA

[}
10urea

=z

[e)

3%
A 7}

5.
H

6). 7121} Ca(NOs)24H20

110Coll A 33

-
-
==

-
it

o

T

u
o)
o g

o
Moral raio of Reactants

2
CaCly
CaClz*
CaCl,
Ca(N03)2'4HQO

]

EFi 1Tt

o= 80T, 90C

A

)

Ca(N03)2'4HQO
Ca(N03)2'4H20

b

R,

&8 = AT
A
*CaClz

=]

W

4r

(Ca) &

n

(th) mtavle (M)t 2

¥ ohvet vhere] Mgol o

pap

It

2

faw A
=]

Ho

o
i

ze)

E

A g2k Ao ]

)

A Z . Mgs} Ca7t

Fo] 103+2C oA 1A%

o)
=

MgCl,¢} CaCly9t =
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X 7. 539 CEE, vl vl mE HAY 8534
MgClg
Component
mole 0.10 0.30 0.50 0.75 0.80
0.90 O
0.70 O
CaCly 0.50 O

0.25 O
0.20 X

O : molten, X : not molten, urea : metal salts = 9 : 1(mole ratio)

£

PAE 8 A-a59 ZA3FE A9 HEFEA A%e ¥ 89 &

= B MeCLS RSl SRS vis A A S bands o
ERUISlEE =, ol & sh3tEe] 2zt= A3 CO9 bending(Fd) ¥} stretching(A15)
T Q2o WE W AFdAM &5 band7b YERRSH, CNeo Bt
Ptk ey oo} e &5 band9
o of7t e A dehidh =, Mg
CO 9|3+ ] 9% o7 o|Fse IS

r (o3
)
off
o
it
-0,
off
o

stretching(Xl1%) &S =2

1468 cm ' F9 F4 bandolM F UElgow, &g HA e A
(MgCly:CaClz:Urea=0.90:0.10:9) olAY A4 =n0|7F A4 A &5 8%, d=7F 3
Mz ZebA Jeb oyt 2= 947F 2A-FE (1469 cm™ ), 7t A%
B (1479 cm ™), Y] @459 423 (1462 cm ol 71213 Ao =

welA] E Ao A eutetic solution®] FAo] foldti, FE] QFEE
wefdte] CaClosh MgCl, H&9e] Equ &S 7302 ngste] dde] A& &
B
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0.30:0.20:9
0.90:0.10:9
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p,NH, 1155

+CO 1682

v_rmz 3346

INH,I 3441I

1200 11 1000 o0 oo Ton
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nC-0 789

«— p,NH, 1155
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|
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+CO 1682
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a) b 9

|

[o]
[=]
=1
@
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Urea

)
\
\

«— p,NH, 1155
+=yCN 1468 oL,
v, NH, 3346 —
NH, 3441 S vCO 1682

11 k1 <l m 1T 1600 1500 1400 1300 0 100 00 %0 B0 700
Wavenumber(cml) Wavenumber(cml) Wavenumber(cml)
o S SSLEE T = B ylB
a2 10, W AE 2 4-F5d APEY Fo Jod Hed BFRA.

U Hybrid B]S(MUMHs)®] @4 934 1+
(1) Hybrid W52 24 Egng

MMTE Al o] AR xar Z7h|E7} $3tew =7l @xsis =
e MR gra-F% ARFES £8% 5 A& FARA v angeln
aeue g3 ax-d4d ZHePEe M

hybrid W28 X-A 3| dBAs ] d—valueS ZASE A FAL F Yo

a7 112 MMT9 §6% 22-359 F3qES M2 e T3z

f
oft
ofN

N

)
22

g

o,

K

H A7) W] Ao A AN
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16.92

115.50

E)

3.37

448

5.65

845

1.00:1.20

1.00:1.00

D)

B)

19

1.00:0.73
L00:0.50

303

3.60

A)

253

MMT-raw

3.06

5.10

20 30 40

2-Theta
a9 11, 869 e4-FE9 ZF31eE(0.7CaCl,—0.3MgCl—urea) ¥ MMT o] &3

H] gl

10

S|
.

hybrid H&¢] X—-A1 3]

=
—

Hl&o] 1:0.5¢ o, 3.974,

1

.EH

=

o] 97} o

ol
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3.60 A

27
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ol A

7 Ao gldh
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W
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qr
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A % hybrid W)

: 0.5~0.75°1 A

ATHALA 10). o9} 7o)

N

}, hybrid H &< A

S

ol %

]
=

e
N

el

ol

A hybrid W E&

%1—

] &0 1:1.2904

A% hybrid B &

et o= g94A-a59 #ZsigtEe MMT

%1—

Algo] 1:1elA

Atk ey

-
s

el

o)
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AFA 10 MMTSF 8 4—-F49 2H3sHE(0.7CaCl;—0.3MgClo—9urea) & &3H(FA))H]
Fo] W S E hybrid HE(A. 1:1.2, B. 1:1, C, 1:0.75, 1:0.5).

ol¢} e A= Ao BPRAE BAS [R spectrumo|AE 2 e}
Wk (2™. 12, 13).

MMT 3624, 3438 cm ' F-ZolA & Exjo] 93 OH A1%%, 1634
cm ' F-o] ke B BEAbe] o3 OH w3 @4el 71903 F4 band7h YERG
ok w3 1096, 1039, 918, 850, 798 2 527 cm™ ' ¥ &4 band® SiO, AIAIOH,
AlFeOH ¥ AIMgOH 9 MMTO A& FAE YUAE Abole] dsstge 7]
el Aow odelA Yo", Hybrid Hl2oAE UEhtE CO F45 bands} CN
= bande 84-5%5%9 FspgEol Hlel CO A2¢Hel= wojvtal, CNo| 294

I MMT® 4|7} 1.2:1914 49 hybrid H 29
Ergo] ok oy, CN &4 band: 2 cm ' 7}
2 Zeubgo] woldon 1683 cm ' o EF band’} 1645, 1651, 1661
1666 cm "2 E Atk 22y hybrid @A MMT F2 729 ¥3hy
of ot Q4o MAFLS #EHA eFgrh.

1 NE
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TComplex :MMT Weight Ratio x

wC- 789
- o NH, 1155 [
e VeI 1467 ¥C-01683
i v NH/#52
1:1.20 l/\ /\v
1:1.00
1:0.75
1:0.50 U/
798
i85
: OH 3624
g 018
MMT-raw
D sows SO
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber{cm)

O 12, 23] &9 WE hybrid B 859 He)H BFEA],

FComplex :MMT Weight Ratio

eV
=V

500 1000 1500 2000 1400 450 1500 1550 1é00 1650 1700

Wavenumher(cml)

Wavenumber(cm!)

19 13, 23] &0 W hybrid 1859 F8 99 F9H BFEAA) 500—2000
cm ', B) 1400—1500 ¢cm™ ', C) 1550—1700 cm ™'
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(2) Hybrid ¥]&52] HZ w2 A7+

F20 ZsletEn MMTS 103+£2ColA 1, 2, 4 2 A7 =0t A elalo] A3
X

hybrid ¥ & &

o~
)
"}
>,
o~
N
~

hybrid Bl 22| 00/ peaki= &F 17.0 AN A YeElg o, 14
& hybrid ¥ 2ot 3194 % 31849 B dar) depdel 53, 240
A& e A, 001 peak7} 17.2A¢} 16.7A 02 Rejwlov, o) 8h-F5% 23
FEol MMT F7tell Ei= =t Bad Azto] H-FHaly] o
&, 6A17F ok WSS A 447 wHSE hybrid MBS W XA HAEA

R W

patterns YU ERHATE. 9]

HF-S- A 7FS- 4A|7FO1 Ao

\ )
4hr

km S . WW)
2hr " 319 5
1hr ™ 318 N

2-Theta

29 X4 FERY(RA-FEY

D

Fo} et =
MMT] & FAHE&S 1:12 314). A) lhr, B) 2hr , C 4hr and D) 6hr.
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T
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 Different reaction times a
A)

w-

o

T89
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+(C-0 _1682
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1hr

MMT-raw

wC-I 1467
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1N

Wavenumber(cm!) Wavenumber(cm))
18 15, ¥hSA 7kl whE hybrid B89 o 2o BAFEA . A) 500—2000
' B) 1200—1500 cm™ ", C) 1550—1700 cm .

3lo] 43k hybrid W RS A

1682 cm™' F£9] CO &5 bande WHEAIZH] wlel o} 2 A 3S ER

O:
o

=
)
I
i)
o
jut
o
[r
r>
2
B
rr
[-‘II,
o rE
=2
&3
oo
(@)}
N,
=2
R
Ir
—
(@)}
(@)}
(@)}
(@]
5I
il
R
L
f
»
=.

5= band7F AAAE A} o) FAE Y

1467 cm oM = dojwton], CN AgtdolE 1~4A2F dh-go] nla] 6412F Hk-g-3}

RNe W Hrh FolAE 4TS JdERATE o] 9}

=3 MMTO] whgA|zto] Aojf]e] wel 49

gE et wEbA X-A A AT Hejd w3EA ARE el E 9, hybrid
7z

TS 93k HA A 7Fe 4A) 7k 7 wehE )

;

(3) Hybrid 129 4 wr-$%

o
=

Hybrid H]& A4S H3F HH Wbg22E5 ZAe7] 98t 84A-F
235857 MMTE £3sto] 80, 100 2 120ColA] 4A17F A ste] &4 3 hybrid

4
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0 E 10 20 30 40
2 Theta
v
16.73
15.92
16.86
120°C
100°C
. . 80T

a9 16, W50 wE hybrid H]E 9 XA FHEA(QA-FE5G 3 EI
=
=l

AV &S 1112 324,). A) 80C, B) 100C, C) 120TC.

¥ Different reaction temperatures a

A) 0)

wC-0/789 ﬁ

Urea p NH, 1155
. KWK
90T f
MMT-raw
12001250 1300 1350 1400 1450 1500 1550 1600 1650 1700
500 100 1500
Wavenumber{cm) Wavenumber{cm!)

2% 17, weAZtel WE hybrid Wlmel Fedelw AHeM EPRA A)

500—2000cm ™", B) 1200—1500cm™ ", C) 1550—1700cm "
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Ao & XRD
2 HehgEol MMT

Q 1~
L-TE

F A3 1330 cm” ! B

o Mz 5 band7t AAHYOR, L% F7ho] wel §4 bande] BT F7h

g9l MM. Mortland®”&= 224 -MMT 234 L= 1360 cm™ ! H229)

F

A=

5
=]

= band= 249 hemi—saltol] 93k Ao x H AT B Ao = 120To A
A%k hybrid ¥ 83 urea—Ca/Mg complex &8 Mo] & Ho| A hemi—salte} 7
< A I AR ddEn
T3 1467 cm | HEZolA YERE F4 band7h 120C ©]4de] a1 A
1462, 1468 2 1479 cm™ '] 3702 Rl = At o]9f & A= 249 CO =Y}
e 1682 em™ 29 4 bandol M %= FAFSE @S YERYSIY 5, 120TC
HFS o A= 1682 cm ' Hi29] £ band7} 1664 cm & o] % H 2 om, 1641cm ']

M ZE 35 band7} AU ol9k= &a] 80T 100TAAE 1659 cm 2 &

4= band”} ©]%& = St}
olgst A¥=E F3e & u, v]F 80C HZolA %= urea—Ca/Mg complex
LGN MMT2FY] hybrid ¥Hgo] 23] doJubx gt hybrid HE AL o
HA WhgerE 100C 222 Aoz ATyt
webA hybrid B 59 AZE 93 HA X2 ALS WA, MgCly:CaCl :urea?] 4]
£ 0.3:0.7:92 24sto] 100ToA 1AIZF whgate] &89 8Ah-—a59 23d=5
Az oy, 2a-w59 AFFES MMTS SFH = 118 £kl 103+2T
Al 4AIZE wEgske] hybrid MRS FA4StE Aot
2. Hybrid 1] 22| E4

7F. Hybrid Hl=9] #2384 54

HA o] 2ol FAdE hybrid ¥R FESH EAL2 FAAHES] &4



&, 2% B UREAIES dEstd s MMT afr & AEFERAY 54S
g2 Fx8ta ke Bolt) o]9f e Az a9 11, 14 2 169 X-4 34
Ao Al dERd npel o], theket whE R A E MMT /9 AxS YERd =
4.48 A peak®] 7= (intensity)®} o] (shift) S B2 A gtk =3k 18 12, 15
2179 Ao ERHEA AR MMTO =4S 748 dAE Atole B348
o 9&l YERFE 1096, 1039, 918, 850, 798 @ 527 cm ! H-£9] 5 bandSo] T}
G A E WstE A FUrt.

ohet, 1 12004 e wkep o] & 2xke] FelA 71917k 1634
3624 cm ! 9] S band7} hybrid HI 8 A A & o] AlgbA AL
A= S HEE F Ao, MMTe EAlsh= F3¢

hybrid W& ol o713 EAlat 3t Ao e

N

|=]
s

§

e

=

oo e A

rh

L}, Hybrid B 89| o]3}sd %A

Hybrid v (MUMHs)9] o]&}std A8 A7) fste] X—4 34
(XRF)3+ A= 7 83 Zdtl. Hybrid B8 CaO o]l 6.8%=EA MMTY
3.3%0°l Hl& Z7}stg o, MgO e Aol Waxx &g}, ek MMTolA &=

ZA8FA ZgE Clo] hybrid BlEAA 6.6% THH AL Hr7lE F49(CaCly,

MgCl) o2 ¥ HZd oz dAdud. ai-uw59 A==y 719
Cast Mgel ol24 I3 MMT F=ol A= Ca R Mgo e Atstd
7k7} 3.60 B 1.75% ol ok, XRF #A ol A& 217 2.83 2 1.39%= <F7F Aol s}

A veEbsth ey ClY) o] 23 &83(6.10%) % AA BAX(6.60%) Aloloe &
2ko)7F AT

¥ 8. MMT®} hybrid H]E(MUMHs)Y 3484 %A

Sample SiOz Aleg Fe203 MgO CaO Kzo TiOz Cl

MMT 60.3 18.0 3.2 3.9 3.3 0.3 0.2 -

MUMHs  36.5 11.3 2.3 3.9 6.8 0.2 - 6.6
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t}. Hybrid v 82 HEejd EA

MMTe} 2 wkezAdA &A% hybrid B E(MUMHs) 9 morphology =
AAEN F(SEM) o2 #2413 Ay= A7 11 2 129} 2t

¢) MUMIHs X 20,000

A 12, FAPAAER Z (SEM)S %3 hybrid U &(MUMHs)®] &H. a) 100 &
g, b) 1,000 &, ¢) 20,000 .
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Hybrid Wl&e] <44 <AFdE A7 fste] ATF(TCO/AALEH

(DTA)SF Ax= 29 183 ok}

Hybrid H]E&= 800C o]felA ¢F 47% A% % a7t dZHA
Hybrid |5 74 E4do] @502 EA% uf, MMT 18%, CaCly 45%, MgCl, 45%
2 84 100%9 T%F #a7F HAHER, olF hybrid HIEY 74 B]E&E $Abst
A AA T 46% BE T AV dojd o= ALkdnh 122 E hybrid
v goll A wAEE oF 47%9 TH Aot 74 FAAEY SHEEA A dA e
= o= UEsTh

105

nw-—T B R T L / .

™
{

) | oniemens * !

|"’ i L ]

1 1

\ - | |tz

B | i 2% |[w | £

; | / il { P

;sn ‘ -,; \ H

| ;
I g
i
A= D 1 ? \ / :
z | Bl =4 3177 4y v} ¢
| Fol = 45T i H-}
“ TS LAREITP . /
n
! [ATEETY Fa= A6 T Aas B .

Onigl = B3 T DakaH=2T0 04

| Feth =380}

T ™
Wa = 464520 ) Aiea =T33 31

%DHHH:N"J”IW DeftaH = EB5222.01g

.

Faghz 1BBT
[Oret = 18167 1

Detin ¥ = 1123 %

- o
DeltaH = 568 s
el P I E T Dekalf 4 20% 1 . 1,
TR Trear= ET 65T T — |
[ata H=3 47120 [l 1= 100 % o LR
516 AW | B 16
=s W P m - m P mw w w 1 "o wmo u m m m m m m m w m o m o
) [

19 18, 249 hybrid ¥ E(MUMHs) 2] &5
5C/min).

N

A 2AFEAT (Heating rate of
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Temperature(C)

1000 1200 1400

300

200

+«— 2657

05

0 - 0
=] -

Derivative Weight % (%/m)

25

% hybrid H| R 2] 5 o|zn] A,

3

%1-

1% 19.

0~150C, 150~300C, 300C o] 5 3vA =

1
s

Hybrid W59 % 74

=2k 60% o] o]

=
[¢)

Zx) 150Cel A 300C7HA]

Aom, Uy 40%-9°]

1
™

iy
fi’e)

0
,_.@O

el
s

MMTZo] £ W 150Co)A 300CALo] 2] -7

P o (2E 19). 26

=]
it

5C

Yehuiey,

ok Hybrid W&ol &+t 2429

oA 671€

o}l

wAO

}

F71 #late
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30
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2-Theta

MUMHs®9] X4 3]

<
T

ca) 4 A%, b) 6714

=
T

2™ 20, AR el w

Hybrid H] 5.9 001 peak

gl

2l

oM Fez=FH 7%

oF
Nlo

Ho
)

—_
fite)

l
Nlo

oo
ol
ol

E

}Fobe] Hb-So] €8] hybrid H]

N
i)

ol

o] 43 %7]9] XRD patterng ZLth=E X3}

Sl %= hybrid W&+

4

L 670

Hlo

)

oA hybrid Y]

s

o
AE 79

o

3. Hybrid v 89 §&EA4

7}. Flow system®l] 4]

(1) Urea = kinetics
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Fel A hybrid ¥ & (MUMHs) ¢}

ol
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1400.00
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(2) NHs"=N#Z} NO3 =N &2 kinetic

to
rlr

v EY oA drbd oz R gH v AAE dA=E jbstdd o
A Eshgo AEjell A Al tHE hybrid HlE 9 849 W3t 2 de F
S rEst] flske] dRgE AA 3 *

22). Hybrid & 9 EgHo=z Z3st QrH|RoA dREFH dio 52 %
7]l MUMHs—DW, MUMHs—SW, Mix.—DW % Mix.—SWellA Z}7} 25.6, 24.5,
23.09, 29.16 mg/L7F AZH A 2417k o] Foll= zh2 1.8, 1.7, 1.6, 1.9 mg/LE 7

ZH oM, 43 o]F el HEFH diae HEHA FsU o5 FEEES

3B 100

3 g
1
T E
£ ——MUMH-DW MUMH-5W ——MixDW —Mix-3W H A
‘§ x ','-I —MUMH-DW —MUMH-§W -~ Mix-D'W — Mix-8W
s B0 b H I\
; ] - I".

H I
£ 20 - i li
20 . |
: Eogm Ll

E - I
Zsm zZ 1
[ l. Z
s 1000 b ]
= ] 1 2 3 4 K g
2 s i

(1] g—_{ L — -
[ 4 w 15 mw ] 3 i ] 1 1 3
Time {hr) Time {hr)
+ _
A) NH; -N B) NO3 -N

13 22, EagAXE oA MUMHs®F Mixture®] tRge] AA 2 ZAXAE g9

= Y. DW(distilled water), SW(manufactured soil solution).

A A9 & 9A %7]o] MUMH-DW, MUMH-SW, Mix—DW,

Mix—SWell Al Z+z} 0.84, 0.86, 0.47, 0.35 mg/L7} AZHQom, 30% o]3d=

MUMH-SW(0.27 mg/L)S A3t BE AlgoA A AA7F HE9 R k).
A

Z7] dREH Aaoh FAH Ao fE2 HWEd 22 AY 27 T 9 =F



7} g EASHE qbhell & AbstE 2o 93 o= Al ETh 53] hybrid

H S (MUMHs)Ol A dAabe] Ao o] z7]e #A o =

o] A4S frEAY GAld Azt whd hybrid HRS A 2AG F oAF Uy
1} A

S AYAT B F Aad w2Ho] oldd A}

2

Q %9 ZAs3ES MMT oA gol3 2o g
TS & Zlo=m g, ol T T 54 dEheA Leolrr] 93|
Z3pgN Aejol A hybrid HlEE5E Ca®'7l fEHE 54 At (2 23).
FgdoA MUMH-DW, MUMH-SW, Mix—DW % Mix—SWOZ%5H
Ca’'el 4% et 229 4F e W A AFS Jehhdo. x7]¢
Ca’*= MUMH-DW, MUMH-SW, Mix—DW 2 Mix—SWelA z+z}t 50, 111, 114
9 131 mg/Lo]l FEEA o, 2A7F Fol = 10.5, 15.7, 15.8 X 14.8 mg/L2] H] 23k
FEEEE HeEhAATh MUMH-DWOIA %27] Ca®" &0l &43] 4 A2 22
—a%9 54 (Ca—urea complex)”}F MMT Wjo] ¢t & o5 EA35}7] w2l Ao
2 AlmEnh ANz o] Fele= 3 FRT AdEel 2l MUMH-DW % Mix—DW
o] Ca®" & %2 0.68 2 0.96 mg/LE F2A3] HAaston, 32417 Fol= 0.02
2 0.07 mg/LE wAIg ko] fEHATH
A o] A E koA 4417 Fo] MUMH-SW 2 Mix—SWolA Ca®" %
%& 5.7 & 5.2 mg/L oo, 3247k Foll= Z+7F 8.8 & 4.1 mg/LEA AEHHO
FEHAT o9} e A= Ca’'rt MMTE kol2w st whSof oa) Agtd
Ca’" 7} 24 Bk &0 df8 K* 2 Mg™ ol 93 3k oz w3 324717}

A Ca*'7t AEH o R FEHE Aow AuHy, o9} g A Folo] gl T

N

A ool Lo g =FHFE E3tE &M A hybrid B]E(MUMH-DW) <}
Zeldow Edd HEMix—-DW)S Ca®t %7 = $4e Mix—-DW7h

o)
o
MUMH-DWel H]& 5438 WstE el o]efst Ayt=

hybrid ¥l=2] 2%
L2-F59 Fahehwol MMTe 4714 Aes shal 7] "oz saksy,
ded] EEA AfEoE FE5FEAL MMT7ZE hybridel 849 ebgAo] xrh
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14000

o~
= —— MUMH-DW MUMH-SW  ——Mix-DW  —— Mix-SW
sh | 12000
g
g
== | 100.00
=
[=]
w
-a:> 20.00 —
=
=
& 60.00
E
=
o 4000 |
L]
=]
E L1} 1 4 3 4 -

2000 +
£
=]
U fy —

0.00

a 5 10 15 20 25 30 35
Time (hr)

a9 23, ZspLAAE A MUMHs® Mixture?] &4 = <AF DW(distilled

water), SW(manufactured soil solution).

(7}) Urea % kinetic

E% pH7}F hybrid Hl=¢F EEX o2 2315 HlE Al 84 fFof 1]
A= FEFE 2ARE Ao 9 249 T

Hybrid ¥ (MUMHs) ¢} B8] o2 33t v)5(Mix) B X389 e
AN f4e 308 Qb tiFEol F=%3ew, x7]<d CL(pH 5.5)-MUMH,
CL(pH 7.8)—~MUMH, CL(pH 5.5)—Mix % CL(pH 7.8)—Mixol 4 z}z} 535.9, 553.0,
496.3 2 429.4 mg/Le] v=E eI 1y 30% $FE fEEE7t 5479
Zadte] 4XZF Fol= Z+2E 0.2, 0.1, 0.2 2 0.1 mg/L %2 Uehglon, 1 o
| = AEHA Furh

Hybrid vls.o} 2% Sgu s 25 pHY}

i

o

M

= W 27 wEEvh =%k

M



o, o]g} L A= g0 rE —NHy 7159 protonation 3] W& Ao
% pH7} WS w —NH** & wo] MMTS AA714 A3S a1 9= Ao w 3ot
AT

Hybrid ®]8¢} Egjd oz &% QaHgoA %7 249 FEHS
hybride] H] &7} Ad o=
Atk =3, 27 7=

B, ALY b 5% 202 Hol hybrid M BE 847k NE SR WRe
=
£

i
fo
B
o2
rlo
o
T
(@)
=
=
(!
=
T
=
>
o
fu)
a2
o
o

ASUAE 02 BEoZ EAY W wok Fudel A54e 7

—— CL(pHS 5y MUMH CL@H7.8)MUMH —+ CL(pHSS)Mix —— CL{pH7.8) Mix

400.0

3000 |

2000 r§

w000 -

0.0
Time (hr)
1% 24. pH H3le] wE E% F MUMHs® Mixture 258 2849 F39%4
CL(Clay loam).

(}) NH, =N#Z} NO3s =N €3 kinetic

Azoh Akl A2z WELE A7k uhel 2ALE A3k Y 259 2ok
Hybrid WE9 Beldos S8 84 wEdd 2% 27 NH, -N}

=
NO; —No| vi-g- wp& AFhel f&5¥= SAS Yehddn. d2awd 2d4os 271

o CL(pH 5.5)—MUMH, CL(pH 7.8)MUMH, CL(pH 5.5)—Mix %

O

L(pH 7.8)—Mix
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ol A 747} 39.5, 16.5, 31.8 & 12.4 mg/Le] = A hybrid M| =57} E8] 4 o= £33 b
o HE ddAeR He AFS vEhlew, Axke #A S CL(pH
5.5)—MUMH, CL(pH 7.8)MUMH, CL(pH 5.5)—Mix % CL(pH 7.8)—Mixell A z}z}
3.40, 1.74, 3.67 & 2.18 mg/L=A 4 Eie] Aot FAMSE &S eI gt
ABEFAA = A5 FRol #Agle] drad diet AAe A4 BF 27]9

FE=EE7F =4 vEhgen, ol A
7] Mo R AlnEth dRgEH Haie < hybrid Bl=A, A A=
mixturedl A AHH o ¥ ¥ FEE YERW e o= hybrid WelA NH' <]
Aba7E A dEE AL e

;
e
o,
BN
Y
=
2
=
=
—
2,
ol
}L
)
o2
o
v

L
Jo
e

O

g 4500 ﬁ 400
-] e
g — CL(pH5 5)-MUMH CL(pH7.8) MUMH E” =~ CL(pH55) MUMH CL(pH?3)-MUMH
: A
] =
g 0 —~ CL(pH5.5)-Mix —— CL(pH7.8)- Mix £ 30 ~ CLpH55)- Mix — CL(pH78)-Mix
E F
= g
3 L1
g 2500 E 200
£ 2
£ g
z £
;3 1500 7 100
1
z o}
3 4
£ E P i —
g s : 000 =
5 . g 1 2 3
v — 1§
2 4 v Time (hr)
S Time (hr) 100
i _
A) NHy =N B) NO3 -N

1% 25, pH H3le] W& B¢ £ MUMHs®F Mixture 256 IR EdH A
A A Aol FEYA CL(Clay loam).

)
i

(2) EAol w2 A4 ¥ 5 kinetic

E 9v EAC mE AR §F kineticsE XAFSH] 918t AEE

EAd WZ hybrid B 5 ¢ EglA oz 283 Hg9 AAA %
e ¥ 263 ZoUTE pHIF FAFSE AMYE, A GEdA diFEe] 47t 27]9
FE=Hdom, 1 %= SL(pH 5.0)-MUMH, CL(pH 5.5)-MUMH % SL(pH

5.0)—Mixell A 2+7} 915, 935 ¥ 835 mg/L3I T},

=z]
=

e

o
T

AL

==
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o7

I v 28 HolFA &2 AAGEAA 27| FEH= 849 2 3.38
mg/L= v~ Sttom, 1AIZE kel Ao} thFo]l FEE ATk AFSFES] A5 22413t

ojFoll= a7t HEHA &kou AFEAME SAIZMA 247 HEEAH.

qlr

ol HEFF] w2 AYE(Inl/min oA = AFFE(3ml/min)l A

T H
#E S5b mey) gRe] Q20 ASHoE FEH Aon puHh

T 9. g AgHE £ olghatH 4

. Organic matter Sand Silt Clay CEC
Soil pH
% % % % Cmol+ /kg
SL-1 5.0 0.3 82.9 10.1 7.0 11.2
CL-1 5.5 0.9 33.5 43.5 23.0 11.7
CL-2 7.8 0.7 35.0 39.8 25.2 13.0
100080 |
._-_I + SLpHES-MUMH & CLipHE S} MUMH <y
H . _ . — SLipHL0} MUMA ~—CLHS.SMUME
E S0 L - SLpHES.0) Mix —a-BLipHS ) E I
E . Eﬁ i | = SLipHE6} Mix —+ SL{pHS )
T i |
E £l
E 410,00 £ nllll
z Tl
; g i\,
g e é Lo k"
2 T 1= T
: i —_
g 0.00 ¥ VT =
v 1 : 3 4 5 10 15 20 2
) Time (hr) ) Time (hr)
a) Urea-N b) NH, -N
% 600 - §L(pH5.0) MUMH ——CT(pH5 5} MUMH
% 500 —— §L(pHS.0)- Mix -+ SL(pHS.0)
E 400
% 300
é
e 200
3
Z
; 100
E 000
05 1 15 2
100) Time (hr)
c) NO3 -N

a9 26, EAo wE EQY F MUMHs® Mix.ZHE AALAAEHE fF924
CL(Clay loam). SL(Sandy loam).
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IR Aaeh e Ah AN 249 §F FI 2ol AAGE(CL)
A AFFESL) O we] eReet fEEAth At dael F9, z7]el SL(pH

5.0)-MUMH, CL(pH 5.5)—-MUMH %

2

L(pH 5.0)—Mixol 4 z+z} 3.68, 4.89 % 3.40

mg/Le] &% Z¥ o 308 Fol= Z+2 0.01, 0.64 2 0.00 mg/L7} FE5

t} ole} &g odmFEH ZAAE SL(pH 5.0)-MUMH, CL(pH 5.5)-MUMH ¥

SL(pH 5.0)—Mixoll A Z+7} 3.42, 5.66 2 2.64 mg/L7} FZHA oM, 1647k o] 5

T 747} 0.58, 0.87 2 0.54 mg/LOEA dA o] AE&H o7 FEEQ}. o9} 7o)

Asbe] Aol Hl3)] dEFEH AAiVF et AHoE FEE S 84T 3
W

Zol wEHAL g o e od Asse]l gny e

4. Hybrid W87} = olststgel mx= &

7F Bt (pH) o] W3}

8.0 B SL(pHS5.0)-MUMH B SL(pH5.0)-Mix B CL(pH5.5)-MUMH
B CL(pHS5.5)-Mix B CL(pH7.8)- MUMH B CL(pH7.8)-Mix

Initial 0.5 hr 16 hr 24 hr 48 hr

19 27. Hybrid ®]&59] A ol o] pH W3}
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gelon EF¥ QiuE

rr

AFES AIEAA FE Z7]0 SL-Mix
2 CL—Mixoll A Z+7Z} 493.0 2 411.0 ps/em= H]d oW 30 o] Fo= FAFSH
= S JEAT 28y AGEAAE 24417 o] Fo °F 7 ps/emE A g
IHH, AFSFE A= 4RI o] Fol 3 ps/em AERE FAFHAOH, o] Fol= 2 ps/em
e AT

oj9} L& FEENY EC & hybrid M BME FALSHA WERSEA L
hybrid Bl &7} #7Fd CL-MUMH % SL-MUMHo| A 24A)3F 3o %= Z}7; 11.0 2
2.4 ps/emZA EEA EFHne vuPs o FHoR & gs JERATh
| AYEAAM= B ATl v&] 7] FE&H9 EC #he] Eokom, gk A

o2 ¥ #e FAsH

2o

52

(il

B
o
o
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i

g}, BEofo] E&Hd wZ Ca?' 7 Mg®te W3}

Hybrid W&} =2 82 MRS AR AGES} AYES] &

]
A
717 W Ca’t 2 Me?T rme wa= a3 303 2ok,

4) B)

60.0 15.00

ECL-MUMH B CL-MUMH

% 50.0 a
& . -
E 400 O CL-Mix E 1w BCL-Mix
+ k B SL-MUMH
G 304 BSLMUME %
5 3 ESL-Mix
E 200 B SL-Mix £ 5w
E :
g 100 3
0.0 0.00
4
16 2 R n
Duration (hr) 48 Duration (hr)

719 30. Hybrid ¥l&9} 2214 &9

H
717k W& Ca®t 2 Mg®t e ¥

B>

84 HEE AHEs AGES} AYEY] &
3}. CL(Clay loam), SL(Sandy loam).
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AbkEo] M SL-MUMH ¥ SL-Mix9] Ca’'¢] sk %7]d 21.8 & 27.7
ng/LE YERR oY 304 o]Fol= Ao HEHA skt 1y AYEAAE
%7)9 Ca®* ¥%7F CL-MUMH % CL-MixolA 0.2 2 0.2 mg/LEA A &4 o7&
25tk Mg el 4$ AldEAE SL-MUMH 2 SL-Mixel A ztzb 10.5 2
13.4 mg/L o] o™, 4 A|F A= 0.01 mg/LE Solx|al 1 o]Fd= A AZH
A kgt A YR NE Z7)d Mg v%27F CL-MUMH % CL-MixolA z+z}
145 2 8.3 mg/LEA AEE B} 28 522 Yehfglon, 48 A7l A% 0.6 mg
/L FE2A AFFE v&)] A Ao R {EE A

5. Hybrid H]59] EY & P&

7k MMTe] B F ol
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E9F] hybrid M| 22 A]€3 T A 7A o] WE Urea—N, NH,'-N 2

g MazAsgt. B AR A mel Ege] 2FsE NHO-N 9

150.00
100.00

75.00
100.00

Content of NH,"-N in soil (img/L)

Relative urea-N (%) of comparing with urea alone

——Hybrid —=—Mix ——Urea
50.00
5000 * Hybrid * Mix
%0 + Urea — ka4 (Hybrid)
— o34 (Mix) — o34 (Urea)
0.00 L L L L L
0.00 —
0 =% ) 60 80 100 120 0 0 0 40 60 80 100 120 140
Duration (hr) Duration (hr)
+
a) Urea-N b) NH; -N

1000

Content of NO;-N in soil (mg/L)

+ Hybrid = Mix
+ Urea — cha4] mybrid)
250 | — c}4] (Urea) — b4 (vix)
0
0 20 40 60 80 100 120 140
Duration (hr)
c) NOs -N

a8 31, A2aAEE A7 Aol wel ESFS Urea—N, NH, =N 2 NO; =N A+t
Aol ek a) Urea—N b) NH4; =N, ¢) NOs —N.

_78_



Hybrid Hl5, E8]4o=z &

5 22TFE 50% HAER W

o

& (Mix) 2 ureas A2t EF] 244
g E A4Skl 2y 48 Aol
hybrid H]& A FolA 13%9 847} Bk AFagoy, Eedor 33 A
g (Mix) B Urea A el7olM= oF 6% 7FF Edol SAsAe. 2 o] Foll= ~
T weh AXAHo® fasAY IS TS YERIIT ol e Ave
hybrid W&ol EA8ts HJo @47 vAE 2 FRo o8 wW=A NH, -N ¥
NO; —No 2 Hgtd Aoz dsm, MMT 37t =99 84-F459 Z3gE
& 845 bulk FHE AHEads W Hrh 240 Ear o AsjEe= soR
AotE g w3 94 2 Bggow &3 v g (Mix)E A3 %o NH,'—N 3

) mﬁ'
rob

A

(oF

o %27] 72 NZWA 343 F71e F 168 A7F o] Fol= wEA ZAstE Fx
< Yehl oy, hybrid Hl & A8 NH, —N 55=%W 319 patterne BF A2
FAEE A g 1 WEle] & AUt 144417 o] Fof Eoko] sl NH —N¢
k2 hybrid Bl& A2l FolA 7Hg =gl Bkl &FeE NO; —-N F5% NHy'
o] pattern@ AR OH, T2A1 774 FIbeteE o] Sl A A S FHAeke e
S e del. 28y 168417 o] Fo) Bkl FdkE NO; —N % NH, NI}

o7} & hybrid B8 A2 el A 7 B ko] ZFarAth
ole} e Aw B wl hybrid BlEE FI5FE HE7F obd EYSA

IS

o

FFE AAT F 102 HAom AFHste] AH7|IHE AATZe] ®E}

il

A2 109 Fo= FAE T, 94 MUMH 1/2, 2/3, 2 A= Aol 2zt
7} 2.5, 2.5, 2.8, 3.0 2 3.1 go2 A9 FAS AES YL 28 209 o]
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Soll= Urea #1279} hybrid 89 AaFd= v 4ol oyt T4+
o} Hlugle W 2 ZolE Yehdu. =3 309 Fol= FA8], Urea A2,
Hybrid 1/2, 2/3 2 A=k A& ol A 2+2F 8.5, 28.7, 29.3, 31.3 % 34.8 g© & hybrid
A2 A% > hybrid H]& 2/3% > hybrid HIE 1/2 = &4 A% > FAg £o=

= e

Plant biomass (g : dry weight)

30th day
20th day
10th day

Urea

NON Fert. | g
MUMH-1/2 gy &

MUMH-2/3 | gum

o7 32, AR T2 24 AEed 45 AAER 309 F).

Non-Fert. Urea MUMH-1/2 MUMH-2/3 MUMH

AR 14 M2 GE urea AETE 309§ AF A A

Rl
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il

FATH(L™ 33).

S
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20.00
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10.00
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(ySem L1p: quepd; ) ssewolq Jue[J

0.00
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Root
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]
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[e)
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oAtk FA e

30U Aol vt =%
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s

.
=

HoAE F

=
T

Urea A 2] -0l A
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=

Hybrid W] &

1
s

2.79 % 2.89 g, 109 ¥ 2.16 ¥ 159 g
.

1.87 g, 64 %
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3~10¢ 714

o
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o

2.38 g o|At}.

o
=58 HA7, Hybrid ¥]18 2 Urea g FolA 242+ 4.65,

2], Hybrid H]& % Urea A7 oA Z+2F 1.51, 2.38

A

o

A 43-)

o)
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_OT

7.58(g/7*) =M Hybrid W& A2l 7 £ Yebstth ]
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=

]

F1.51, 2.39 9 2.38(g/5 )= Hybrid B &9} Urea & FolA & o

LFERH A Sk
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Aol Agrsh Aehio] Fu) A§F N-urca ¥ feid dael P

(NDFU)& 19 349} 7Zkr},

ZH] A& % 39 2 NDFUE Urea ¥ Hybrid v 8 2] g-olA 22+ 38.7,
43.1 mg/pot= Ao HIZFPAIRE A} 717 A 3ol whet Hybrid ] TolA o #
NDFU #<& 7Fth 53] 10¥ AolME Hybrid Aol Urea Azl w]s|
20% 7V o ¥S FH(L4 80.2, hybrid 100.4 N mg/pot) S 7FR o, $8A7](F
H] 3 30)ell= olE9] #h2 Hszssith
Pe] o] NDFU 32 Urea® hybrid g -ollA4 Z+zF 25.3, 29.00.2 H]
523k AeS B o213 A= hybrid HI B9 Al &S FHIE ALEH 9 Ag
Al #efo] A BT} hybrid M85 AHES A9 849 i € 9= g &4

= AAE 5 leme Aanae a84dS FLEJSES v =3I hybrid
=

ko) Rz
pid

_{II
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g %00
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g 200 |
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2 100 ¢
]

3day 6day 10day 30day Shoots Roots

4, B A8 urea®l Hybrid HIE25E {3 AL 5o dAx (994

9 3
A, AT A5, A 2H2E 4.56, 2.09 mg/pot).
7. Hybrid =9 25 a7

ol Ael o4 Ad AAFY 2 Ax e ® 113 2

FH] AH] $ Aavgd wE Ad o] BATHS AR A3 1, 23
o

%
FEFS T Aoz FAHdY. 2y 1A= FAETE AL BE AT
ol A fFeolAdel folE Holx| okt WhA 2x}ol A= hybrid—100 A 2]l Al oF
H}E HY, 53] 1, 22F ¥3] stolHPEH|gE XAFLSE AH|T

a
A9 B3 AAAHEY 70% THOE AL QA4S 100% FFEoRE AH| g

A ool AxseFS A Azl 13l Urea A T9 nH]adho]
Hybrid=70 A2l ellA Fo4 2] ztel7t gl e, MMT—mix(&2] 428 %)
hybrid—=100 M@ FolA = oA oR F& AAagFS Ve vk 23t A=
Urea A 2] 7" ®]& Hybrid—70 A&7-¢F MMT—-mix A2l7= Fo4o=z 92 2
23S yEbd wbd Hybrid—100 A 2ol A= fref el ztelE Hol#| kgt
olgigk AE T B W, stolHY=R|RE FAFOE ANT Ag #
g HAaAMEFY] 70% FTEoR AEEE 8A4E 100% o= AlHgh AY

BEAG) AREFFo] ML 58 Aoz Ard
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i)

RS

= = = o1
2 FEE zolE Holx] ko Zak HIHE Hlzgk AiS Bl 514
Tt Hybrid—100 A& F-ol A& EF A gl 7ol vldl] vla4 =2 CaO $(3.15%)<
EFU] ST
WL F0 A ¥ 589 7 AN AAFe 9 A g
12} 22}
TR
AAFZF (¢/F) N &F (%) AATZF (gF) N TFF (%)
Control 267.5 a" 4.80 a 2255 a 5.52 a
Urea 349.0 b 5.26 b 398.3 b 6.00 d
MMT—mix 341.5 b 5.34 ¢ 404.1 b 5.62 b
Hybrid—70 344.0 b 5.30 b 4104 b 5.83 ¢
Hybrid—100 347.0 b 5.44 d 435.6 ¢ 5.92 d
© AT AT 2FAE 2 AT Felgel 9 eIk < 0.05)
¥ 12, FH] A & e 72 A 2 2 vl 3
CaO(%) MgO(%)
TR
Ty XA At ¥FHAF
Control 2.98 0.26 0.64 0.04
Urea 2.93 0.25 0.67 0.04
MMT —mix 3.00 0.02 0.68 0.01
Hybrid—70 3.07 0.10 0.68 0.02
Hybrid—100 3.15 0.19 0.70 0.03
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8. AFAELS Hgt pilot A=t
7}. Pilot AAE 23

LS 918 pilot A= lab 59 hybrid HlE Alx 345 Fxst

o] 3TAIR Uro] metaldt(1d 35). 1 BAlE 249 3598 Edste] uwt

L 7MEFAE St 9Ah-55 ASFE ARG (D), 2vA= FHE 84h-F

&9 ZdE &89S MMTO E33ste] 577 hybrid St&ES Axsh= 3
<

StEl AAES AT F(screw)ZAE Eslo] 9A

S mFe] MERE Y $A(@) o threl dAH

‘ Urea ‘ ‘ Metal Salt (Ca/Mg) ‘

|
: ®

‘ Mechanical Mix ‘

Heat[Treatment _____________________

Eutectic Solution ‘ Montmorillonite

Heat Treatment --------------'

Hybrid Fertilizer |—————-

9 35, AAIE 23S A% Pilot =¥ %, A) hybrid & 4 #H4, B) pilot 2P %=
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. Pilot Al&F#
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s
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e} g
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KeR
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A 16

hybrid HlE Az Al Oi7] &

4r

=K

MIEEE

S
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=
55 A

|

A2 16, AA Tl uhel 3% Pilot Al#HE
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o)

rlo

t}. Pilot 7154 AR
Pilot A2t - ofg A& Ald7bs<
A2 2Bl o] A el RS pilote] 715 N

71573 0] KAk pilote] Hs5oltt.

(1) A% Aw P D AsulE A 2H

AR 17, 7154 733t 3 pilot A7
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Ao zA pilote] 7IsAde AsFellvh EF a0k &P Wkl A=
NH;9F NOx s& bdsHA wiEAl7]7] 9 whezd FHE dAsto] 2=t
e Asterdt.

(2) Hybrid H]8 4=} 327 =4

A FAA ALEE7] A eE hybrid HIREES A4S YE dEEHE
hybrid H]&2] 4 A7]E ZA3}= cutting A1 A&+ A7|E o8 7HA=2 %
ARt (AR 18). Ab=Te] Aol UF AAY, F+H e Vg UF ge A
2aFol FEe shgoe] A ggow, olek Wiz o] Ui A JiETt

< 4 9ol HstE Ay pilot 71A19] 2% AlRle] A= 2HEshA] 23

o

A) B) C)

ARzl 18, Cutting A2 $12]1 A), =79 274 % 7 =4 B), O).

AR 2 OM A iﬂ S A de g 208 29

= A
& AT F QOBE o5 AETY A/ AFE AF B A pilote] H
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€, 2R 7lmeh gl weEh thefsil agEojof & Ao w dekEn

A) B)

AFZ119. Cutting A2 W9] k&9 A7] 24 mel A4k hybrid B &

2}. Pilotoll A1 AAFE hybrid Hl52] 54

PilotE o|-&3lo] AAF3E hybrid H| 8BS X—A 3dEA3 Ayt= 19 363
Zokch A8 Yo hybrid FAoAAE MMTE 1x AASte] AFEE oL}

pilotell A= H7bdzk 2 dFALS ko] BPES MMT 9855 7heshA ¥
AFREF A3} quartzeb S E4E(3.35, 3.33A)0] A% EASIE 1y HgR
AbgEdlE EAZE Sl Ao ddE sl
~15.04
ay MMT-raw

——b) Hyb-pilot

0 10 20 30 40 50 60

9 36. Pilotell Al AJ4HE hybrid Hl 59 XA 314 &4,
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b) Pilot Hyb.

4000 3000 2000 1000 0

18] 37. Pilotoll 4] AAFE hybrid vl 829 AAH E33EA

PilotE ©]&3Fo] A|x3 hybrid |55 X-A 34 #+23 A3}, 001 peak
o d—value= °F 17.6A 072 Q- —F2 F7t= 3380 MMT =7tel] & ©=9F

Ao g yepgth Ae)d A A3, 7]1E9 hybrid RIE7F 7= 549
CO¢ CN vibration®] 93 &< bandi pilotE ©]-83}e] A %3+ hybrid H| Z ol A
T H&eA yelgth owk CNO 25 E 7]¢ld 1460 cm”
pilotE o]&ate] A x% hybrid |59 A9 7= #2]&+= A2 CaCla®t MgCly
o] v FEAA HEE Aow ATHA

PilotE ©o]-&3}o] A% hybrid H|85 AdH oz T3 28317 A
v dAS dEdel ad Bk ofy}t fAARE H FEEC] HE A K
wojof @t} ¥ 13, 14 % 15% pilotol A A2E hybrid BIE9] FoAE )

G E D =4 ks zASE dto|th A AA(T-N) &2 ok 19.0% o]

PN

e
rl
Lo
ol
al
o
[aV]

jm)

oL
L

SiOQ AlQOS F6203 MgO CaO KQO Ti02 T—N*

%

Hybrid H]E  43.2  14.1 3.3 4.5 7.5 0.2 8.2 19.0
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i)

N
i)

Hybrid v &

Ti

Mo

Cr

Ni

Cu

Cd

Pb

As

A

Ho

-1

mg kg

0.9 0.2 10,9 2.1 1.1 2.3 6.2

S|
S|

<
T

Hybrid H| &

o
o
G

N

9. Hybrid H]E.2]

7}. Hybrid H]E¢] N0

SRSy

—as— Control

—m— Urea

—s«— Hybrid- 100
—m— Hybrid-70

—a— BN T-mix

(/00/5u1 ) WOISSTUIR QN

14 17 21 24 30

11

Duration (day)
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AarRs Qi 2AFS AHE 5, Alde] A7t ntE A
-

N.O e $AES AEeHA ee TAT(Contro)E A9l suE

2 Aol
(Urea), 8] o= &3k ¥ 5 (MMT—mix),

sto]lB2]=H| 2 100%(Hybrid—100) =]g]7-o)| 4
(mg/m°/hr) S YERARATE. 2, Hybrid—703} Hybrid—100 2] 7-9] N,O ¥z @
% bulk AElZ 23 Urea @ MMT-mix 2|70l ¥l 50% o4 AU
t}, o9} 2 AxZ & ul, hybrid HlE A Al N.O HAHS 50% ©1F 74
7 AE Aow Yeigrth webA stelHEn ] Alge AF2dst 7pxg]

N.O 2AS gr)dow 249 5 e 40 vl Aom I

(il
i
o
32
o
H O
Z
@)
i3
oZ
ot
-0,
L
ON
o e
rlo
o
Y
al(f
>,
R
—
ﬂ
ne
o
g
rlr
ko
B>

olBg]EHl8 70%(Hybrid—70) %

>
J

Zkzy 0.69, 0.51, 0.17 2 0.25

o&i A
FO

2 TR vaEy diHor HA BASAAT 2= He]

il
Ak
)
o

F 16, 2715 AlE F Aans Aded wE Ade AT % Ao W

BATZF (g/5) A= (mg/g)

©] (STDEV) ®g (STDEV) < (STDEV) ¥y (STDEV)

Control 77.4 (2.45)a  24.8 (0.72)a  8.95 (3.182)a  1.59 (0.566)a
Urea 145.5 (1.08)b 34.2 (4.68)b  21.79 (2.404)b  3.00 (0.707)c
MMT—-mix 184.1 (1.04)c 41.4 (6.73)c 22.42 (0.354)c 3.03 (4.031)c
Hybrid—70 204.5 (7.29)d 37.5 (5.35)b  21.79 (2.333)b  2.82 (0.141)b

Hybrid—100 210.5 (8.67)d 50.5 (8.31)c  22.36 (4.879)c 2.65 (0.636)b
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1 MMT—mix, Hybrid=70 % Hybrid—100 A& F-olA Xt} =&

3|

Urea A ]+l H]

el
700

= YERHAT

g4 Aol

o
T

BolEth 58], Urea A gl7-oll Hlal A AHIRS] 70% T2 Al

€3 Hybrid—=70 A g7-olA 7L o] ATl =/ depsteh 7L e A

KeN
=

ojp

R

M

Z2AFeE A2t Urea 3 Hybrid—70 A7l 94

Urea A2

wolx] ekgtom MMT-mix ¥ Hybrid—100 & 7ol A=

=
=

o] Aol

A 2] roll Hl el

=
iy

Urea ¥ MMT—-mix 2ol A t}

P
)

Ade] A

o= A}, wEbA hybrid B &

Els

StolE 8 AE 100% oo 2 AH]

AN T0% FEoE A&

719l N0 BAS E7]How

%

™
n

E

L. 712k —Hybrid H]

7HAIH,

=
=

FH5A171(=COOH) H+= AE7](—=S0sH)

o 7

o

H7F e Ao w dEA . YRR B

"

I

o

blo

3

SHA

K 71— Hybrid W28 AzGoRR MR 154

Aol Huf

o
;II.VI

oH

HH

el

__&

SPERS
| hybrid H| & & #| =

-

Ry

Ea

of % tmi]o} 7}
30

st

S A}

X
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(1) 71

Hybrid HIEE A=

A7k 71 8k

g

]

103£2TCof| A ¢

ke
T

71

J

%
™

==

H| 2 4%7} 5

7he

=]
=

AR 209 29k,

A

ki3

EEE

dHo S8HA @kt wEbd BE

K

]

(e}

AF (sulfamic acid)

3
™

=
=

B)

AF (citric acid)

A) T4

AF (benzoic acid)

AF (succinic acid)
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(2) +714k—Hybrid ¥ &2 54

2 AFAME F714-Hybrid 55 NH; 34 gy =4S T
At webA 7 7)1%Adel 9-stal pH AT e 7
= o]&ste] fF7]14k-Hybrid RIS E AlZsdvh. 19 39= 744, & EA4H—Hybrid
H R o] X—A 3d3A Aot}

>
o
Hy
rh
[

a) : Hybrid HI &
b) : ?AHA-Hybrid HIZ
c) : =ZEN-Hybrid HIZ

0 10 20 30 40
2 Theta (degree)

19 39, f7)4bo] SE hybrid B89 XA 3] AEA a) Hybrid B]E, b) T4

—Hybrid W&, ¢) &Z2-Hybrid 1] &.

TAX W HEEA b o)s] FAat—Hybrid Hl &9} & E2F-Hybrid H &

9] 001 peak d—valuer= 2Y7} 17.6 A 2 17.7A 0.2 MMT =3to| §7)|2 -8 40—

HAT(ZH 40). F7]4t—hybrid Hl52] AL FFIES 7]E2] hybrid H] 59}
AVel AEES el o, ol#dt Axle fr)ako] HtEO|E &EAE oA &
zZralgtE o] A gAE Y= AL YeRdY. 2 -Hybrid H]l&E 1400

2
cm F2elA COOTel 71skE ARE EFF band7t BEHAOH, HEAT
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