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SUMMARY

The aims of this research are to develope intercalative nanocomposite between
natural extracts with anti-scutica activity and layer silicate by a simple solid state
intercalation process, and to evaluate the effect of inorganic nanolayers on the
sustained releasing property of the target ingredient molecules. Another purpose of
this research is to evaluate the efficacy of the intercalative nanocomposite for the
treatment of fish parasitic disease, Scuticociliatosis in the cultured Oliver Flounder.
Intercalative nanocomposite between the target compounds such as alpha-pinene,
limonen, camphene, caffeine, and quinine sulfate, and natural layer silicates (clays)
are prepared by a simple solid state intercalation process under an ambient
atmosphere and low reaction temperature. The hydrophilic nature of layer silicate
layer is modified to hydrophobic one by intercalation of surfactant molecules such
as quarternary alkylammonium cations, benzalkonium, etc. prior to the intercalation
of ingredient molecules. The intercalative compounds are characterized mainly by
powder X-ray diffraction (XRD) method along with UV, IR, TG-DSC analyses.
Dissolution behaviors of the compounds are also evaluated using the paddle-type
dissolution tester. According to the experimental results, the interlayer modification
of layer silicate layers from hydrophilic to hydrophobic with surfactant molecules
prior to the solid intercalation process is found to be very important to form
intercalative nanocomposites successfully by a simple solid intercalation method.
Furthermore, pre-loading of some organic molecules is very helpful to control the
releasing property of active molecules by preventing from recrystallization/or
aggregation of the molecules between the silicate layers. Granular-type
nanocomposites were also fabricated by single screw granulater or twin screw
extruder type granulator. Such prepared essential oil-containing nanocomposites
(ASP-series, ASP-LM, ASP-LP) exhibited excellent sustained releasing property of the
active ingredient molecules and also showed good mechanical stability under
seawater conditions. According to the field test result using ASP granule samples,
the mortality rate of Oliver Flounder infected with Scuticociliatosis is greatly
improved by the treatment of ASP products. This improvement result can be
attributed to the molecular level distribution of active molecules between the silicate
layers and slow releasing property. Intercalation of the highly volatile
alpha-pinene/limoene molecules between silicate layers is very helpful for suppress

the volatile loss. The releasing rate of active molecules in seawater condition can be



also controlled finely through the intercalative compounds. In addition the solubility
of poorly water soluble molecules (pinene and limonene) in aqueous solution is
greatly improved by the molecular level distribution between the silicate layers,
resulted in the improvement of insecticidal activity of alpha-pinene and limonene

molecules.



Chapter 1. Research background

Chapter 2. State-of-the Art

Chapter 3. Results and discussion

Chapter 4. Research achievements

Chapter 5. Future planning

Chapter 6. References

APPENDIX

CONTENTS

—9

24

27

---129

---133

134

---137



--- 129

--—- 133

AR A 3 4ags AE

A5 7

134

--- 137

el



A1E Rl He

A1 A AL JE2] AL
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2. 2=FE]7}5 (Scuticociliatosis) & £~FLE]7}5 (Scuticociliate)
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B 3t = 5 A
EAE AAst ol vdddA BFAA E4HGES FATZHE A HAEE
e WA 2GE AR olF olgad F AFET Aol 9% FaAAE AL
Aolth. Figl0ol: ¥ Q7S E4Fo2 e Zolth A9 28 /1o @ 2787
S740] & AdES HdAsta, ol FAY W8 (intercalation)& ©]&-3t] iz
A BEEE AA F71-5F7] B daiE @45t ol HHFEHe] AWE vEo] Fo| g
Tz LT F e AFE NEste Aot AAGEAd = FJEXE (phytocide)d] F
ARl dat-gdl (alpha-pinene), 73 (camphene), 7}H Q1 (caffeine), #J (quinine) 2 =&
AAZRE F2 dojX= 24l (d-limonene) Fo] d#HA vt old HAEAL FFHL
2 A=Y I H AFEFTE Uil 9 FHdAdol =AY, EollAY &= m¢-
SAY, AFe 2 ALEE B F40 UEhe 59 ZAFHE FAA FErgth oj# Bt
A/ EMET 225 FUIHAIR AE (days)d] F3tol FUHAY AA =BTt AA Y
A (nanocomposite) 2 A 2351, o] BIQITE o|&3le TP gt dF AHLo| 7153 A

g2 Ndste Aot

HAgd=E

“Active ingredients & Efficient delivery « L I"Eg/;[-”]-”
% \ =DDS €A F 23
alpha-Pinene

Camphene =

cHy

Nv“» Y
o Yo 2N Lt S35is} | |
H1C P &
g

Quinine

0|

Caffeine

d-Limonene

= AP /ES/AA - %?_F**%.(mtercalatlon) -
=8 5/21H7} 2
1}

Fig. 10 AAEAHE 29
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AAEAY FAF £Z ol $34% 2o Bz Aol Wk F, 2 #E °E
FEE YA fA8] dAAE FAR TR AHEA KA HoloF dH o] 3
e B4R $25E7 2AHE ALAV dasith B3, FERHHEC] HA,
4, $3l% 5o 227 544 ot EAAH Ao TAF A ol IHY £ e A

2 AFolA SHAQL AFUAAY du-ddolyd gryY A d8Ad EEE Eo
gk gal=rt 53] dol HFY HAIst= B Foirt AMAste & bvigoE @AAHEY A
o] Brbssith =3, duk-dlolvt ZlEWlY Ae Fudo] wle A7 g E FAE F5t
of A3} A7I1A] e A EAHZ AZ g vt Erbssith B, dAd A7 £x
of FoAste A% 238 oAFY FAZIME oF + Utk oA Bee BHYELY £E2S
AAGSHA Aol & 7 UA 2 AJ2Fo] A E ok Tt

2 dAFoAe AAE2RE FlE & &2FH7 @AAES A9 ndgY 459 A
E gFES o8ty Egs), dggEAz &8 stuA srh B U=ERs #8 rjee 2
Abe AAIAo] Hold nAFZ7HAIWY (solid intercalation method)el]l T3t YHEF S H-F35}
Tt vlole FAEA HALEA (delivery vector)ZH HEIFES EAHL Aok =7Hut
&730] oty S (intercalation)& F3 ThsE #HEE EHF0E ©A & 5
1, AAde2HE dojxe EEEN AR, AH A wle kAZ e/ #E08E AdEA o
o 2 dAFeAe TR0l st BAAAEY B B EEEE Aojd ERHo=
ALE £ dE oA HEALY 2HEIO|E (smectite)d] HES thEFHQ FEZQ EER

d 21}0|E (montmorillonite) I ES F2 A& T

3§ ~TE7E @HAE 94, #4, PEAH 2 D44 (&5, hydrophobic) B2
A Aol B AE AR Egol WS RIS weby og Be A B
Ao D54 AES ARAOR HolFe A3 BPA FAo mE HES L ofmel sl
=g 7H&7] oldth ety A4 BHEAL BEs o] dol 154 FES 47183
g olgald Af4on EASHL A £ Bast Yt ol ASHE f718dRE UE
Aoz 47 gEFdel 9

o cetyltrimethyl ammonoum chloride, stearyltrimethyl
ammonium bromide, distearyldimethyl ammonium chloride, benzalkonium chloride o] &
|3 £ ok Figll de FE4HE EZ9 WS f7E24=2 13 24 /MAsta d7)e)
frd BAEES 5938 AA AAEAHE U=EBTA Az 8 =42 Jehidth
d EAE HEY 2o

o 229 S AT + den, 384 EZ a5 =2S
o] o

et EollAe] gsj= 3
__(')_
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CH,
) Intercalation

H,C + —
H:SC

Natural extracts Clays Tnorzanic lzvar

(ex. Pinen, Limonene, Camphene, ... ) — -

+ 3|t (Highly volatile 1) | * P4 (Stability 1)
. 03 I . Opx 2 1

25l © (Poorly water soluble 1) IH —— oHEd (Safety 1)
« £4/9bH A (Toxicity & Safety 1) * 8= (Solubility 1)
« 712 ol HAH (Cost ) * §|0] 2= (Sustained releasing )

Fig1l Z74 whgoll 23 =B34 44 EA%
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|
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- BA ZEA JIERY AFEpRE A% &2 g3l (WdRl=E 5§ E2dds
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- X2 02% T HAS Foste A 5. (Aquaculture, 278, 22-26, 2008)
- I BAHS EA0] A3k B oFE HEAE AE(Dis Aquat Org, 64,151-158, 2005)
-39 FEF T o R WHY A3} (Veterinary Parasitology, 2010, "Effect of

traditional Korean medicinal (TKM) triherbal extract on the innate immune system and
disease resistance in Paralichthys olivaceus against Uronema marinum"’, web release)

- AF7HAY B Ssle AR & 2FEHI @4 229 fgd AFHA U B
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H 3 & djgsd UE 3 E1

A 1A A2 7l=AE R E

1. 1385 38 A8

AT & AlE AT WE
O FAFETL deAA FAHE |+ I, FEY, 710 T 3§ 2FEI @HER LA/ HE
A 2 f77] slolEEE &A |- BEAG HE FAoE T 3A AF
A7 » S AYE fF7 stelBElE 24 AA

» 71E} AFA|, ZgAT BxA AA

O A AEQ =27 AY |- 3 2FEI BGAHER B 2AHE L 3F ol
W3S ol§% 3 2FEI| - BEAH FE ST NE 21 2 Ax 24 HAG
UeE3A 34 2 Egs | - gL EFA Az =21 39
2 A7} = Bgh Ao EEetEd 54 WUt

- XRD, SEM, UV, TG, IR &
S JeBgAe A3TE, ATE 2 ETE 71

0 && 54 Bt - 24 4 8% 54 H7F: 2~20ppm/day

-KSTE &7 € BFEA ol&

Alo] 8F 54 210 A ol

5% NaCl €< 500mL/ 25T/ 50rpm)

O FETHI FBAA 24 |- BHEAY 2% 2 82EE Al HIuH £2
2o Ao §2 =4 A |- AAW 2HE §F 54 F

O sFENE 4% A5UF |- LTS Bel e

(1712 / A F &) (Miamiensis avidus, Uronema marinum 2% 8jj )
in vitro 2FEIFE A4S a5 HU)

(=54 0%, FeIHE 90%)

0 ~2FEAE A &
! sl
j

ofji
l:oll
ofr

& =767 2484
2 A73
4 B (S5

A5 B7F A3 o
1

£33 (XRD, FT-IR)
A T 10wt% o]
. 2~20ppm/day
EF 5743 104 o4

[e]

- 2FETE A av HE
A 0%, FefEE 90%
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3
2 Hrletgdd. Fig 1201 #E® 3
ShaL wiokste] 2FE 7SS dol e #FF 2FEHIF dAnE #FZE ot

AFEINT B X AY. A, &8 B, 23875, C, FANE D, 23FHWF  4IAT

Fig. 12 238715 £8 2 Y 38=

[e]

T (e}

Hef(A)SF HBo] FE3} (vacuolation)® R (B), MELE (lysis) B EHFQ) AIAAH =

T2 Hug 7 Utk dI3 TR tF 23 23 dRkFQl QAE LUFAA &

4 Aot Be FHHEY aFE dERACo Y AR A miet A o5 =3I A

sHAl VERES & AT B AFddA SHAJ] EAHAEAR AREHE A4 39 FA

e & 5 = vk o] HmE UE FRAME 25 At BEEWE FA3 I

& B3 2FEHI F AEEARTE ASS Y T Uk B, AFoldA ol §9 H
73 W3k g, 2% 5 FxAME @& B U &
= #
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HOE NP2 § AZHIFY HYRE.
A, 8N A5, B, 3 X% (vacuolation)8 2&; C, ME8A(ysis)E 2 &

Fig. 13 Hd& AHAS v &FE7FS ¥t 25 A, wjddA e 2F e

B, FX3} (vacuolation)® < C, MEZL3l(lysis)H 2

kel

E 1ol Y 24ed FERTA i d2FEH7E 23 *E’-E]” ﬁﬂ% aoks) ¥
It E@ev B4 MSDSERH Hiud 4o tig AE2E Zol| AAsin. & 125 H
Mmoo $AF G-, B, 9, PR FREAR vgs}aaz, Ego 2y
FFE T B3t %}?47“ Fde Frlste] 22tz @A Ash 3 FEEE HrkE A
o 23 HMAle FEE 1 2 5 ppmii stFoH, oz DMSO% o] &3ttt 22 H
7F A3 £ 20] &oF Ak ® 139 22 5H Iuud, 2, 7 <, #E, Fde 7
¢ FaTHI TSl 9 FY T 4 ATh 53, Lol 73% a5} % ojjel 240
Sold, BAY, 4555 o dFolAM AAF Mgl 7 aHd = 2
& < FHSAT. £ AFEll fola 958 FE & 5 Ja fpE FA
= g =

A AT <, I )

Bz d& F 3 2dlo] g AFE A=A JW AT AFNA FHAA &4
EAZ AMREE Tl A FolA 1 & 5 ' vkt Zo| vy @HE FRIANE &
549 At #EEYE F4% FedgE B3 2FEI 5 AFEERT Jdes 3 F F
Atk =3, AFojolA o FF E A4 WE i, 2d AT Tz AMANA RASA
e okh

FTHEHAS FEHEE HESL AR T wE 2FEIS FEHWE (morphology)
7 AP B (motility) & #Fst AFEAE 238 ST FEREH FAVF LETE F
By 2 54 d%Fe] ZA vehgdS ngith xd, tizFoz= £uiQd DMSOE AL
st el o3 5 ppmoAlXE 2FEIIES] FEHEF ol A TS FA &7 Wi
2874 AAGE @4, T, FAD)e] 2 AT £ QY] "ot
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~
g A= MSDS (LD50)
’ 100
formalin Q%7 &} Oral, mouse: 100mg/kg
H202 S E XA 5 Oral, rat: 500mg/kg
1 |butanal 65 Oral, mouse: 6,400mg/kg
2 |benzyl aldehyde |10 Oral, rat : 1,300mg/kg
3 |cinnamic aldehyde [90 Oral, mouse:2,200mg/kg
4 |eugenol 90 - Oral, mouse:2,680mg/kg
5 |salicyl aldehyde |&&4A s} Oral, mouse:480mg/kg
6 |acetaldehyde 25% 35 Oral, mouse:661mg/kg
7 |Dimethylsulfoxide |-
8 |Vanillin Q%7 &} Oral, mouse:1,580mg/kg
9 |Camphor -
10 |camphene 100 Oral, rat:>5000mg/kg
11 |limonene 100 =4 Az} |Oral, mouse: 5600mg/kg
12 |cinnamyl acetate |&-& 443} Oral, mouse=4750mg/kg
13 |cineole - Oral, rat:=2480mg/kg
14 |rotenone - Oral, rat:=25mg/kg
15 |NaOH 100 skin,rabbit:500mg/24H
16 |lvermec -
17 |Hinokitiol Q%7 &}
18 |Alpha-Pinene  |100
19 |Nicotinic acid 0 Oral, rat: 3,720mg/kg
20 |Heptaldehyde 98 =X Oral, rat:3,200mg/kg
21 |Pyrethrum-extract [100% 2%
22 |lauric acid 3}
23 |propionialdehyde |0 Oral, rat: 1,410mg/kg
24 |isobutyraldehyde |60 Oral, rat: 960mg/kg
25 |lactic acd 0
26 |Linoleic acid 0
27 | Bz 0
28 |1-Dodecanol 0 ol =4 Oral, rat:4,150mg/kg
29 |Lauric aldehyde [100 ol =4
30 [Palmitic acid 100
31 |Oleic acid 30 Oral, rat: 25g/kg
32 |Undecylenic acid |60
33 |Stearic acid 0
34 |Geraniol 80
35 |Ammonium L-FX A 5}
Oxalate 0
36 |Fuchsin 0
37 |myristic acid 0




38 |alpha-bisabolol  [100
39 |Didthyl oxalate 0
40 |1-propanol 0
41 |n-butyl alcohol 0
42 |Oleyl alcohol 0
43 |Cetyl alcohol 0
44 |camphor 100 100 100 FEAZE
45 |caffeine 100 100 100 FNA A}
Score Interpretation
Motility
4 No effect : motility normal
3 Motility slowed in more 50% of ciliates
2 Approximately 50% of ciliates stationary, but cilia still beating
1 Approximately 50% of ciliates stationary, but still beating
0 No sign of motility or cilia movement
Morphology
4 No change : cells elliptical
3 Less than 50% of cells round or irregular shape
2 Approximately 50% of cells round or irregular shape
1 More than 50% of cells round and lysis evidence
0 Extensive lysis with few cells intact

E 2 78 YoFHI FREAS 4FET

CPinen 1 4 4 4 3 4 3 3 2 3 2
(DMSO) 5 3 3 2 B 1 1 2 2 1 1
Camphene 1 4 4 4 3 4 3 3 2 3 2
(DMs0) 5 3 3 1 1 2 2 2 2 1 1
Al caffeine 1 4 4 4 3 4 3 3 2 3 3
E (water) 5 4 4 3 2 3 2 3 2 3 3
Quinine 1 3 3 4 4 4 4 3 2 3 2
sulfate
(©MS0) 5 2 2 2 2 2 2 3 4 3 3
d- 1 4 4 4 3 4 3 3 2 3 2
Limonene
(DMS0) 5 3 3 2 2 1 1 2 2 1 1
o]
= DMSO 5 4 4 4 4 4 4 4 4 4 4
:l'l'
= Score Motility (25-d)

4 (Mo effect: motility normal}, 3 { Maotility slowed in more 50%of ciliates),

2 (Approximately 50% of ciliates stationary, but cilia still beating)

1 (More than 50% of ciliates stationary, cilia still beating), 0 (Mo sign of motility or cilia movement)
Morphology (HEjH =)

4 (Mo change: cells elliptical}, 3 (Less than 50% of cells round or irregular shape),

2 (Approximately 50% of cells round ar irregular shape)

1 (More than 50% of cells round and lysis evidence), 0 (Extensive lysis with few cells intact)
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Foo] B FE 24g 8l & 2FEHI Aol e AR EZ T 2
Z3 g 2974 3IFEA Ldu-7d (alpha-pinene), 73 (camphene)¥}t 71#| Q1 (caffeine), #A
(quinine) Fo] A&7 77} glgo] Rug vl gk =3, AF=Y fgF FaEo] #uz B
FEEE 2R (imonene)® ZBF 4FE#H7F Lt vk L334l (o-Pinene)2 El 2
A7 (terpenoids) S Tfel G Pl FE/AE S0l Yl vk YT B E
o] AFEFIE SFAHL A7 FeHEL B3I A=FH ol G ATt Fig 14
e gu-mdle] Fx7Ee kst Esistd] B tiste] sttt Bt ew
s HFEL Fggel n
webd O3 WS obge 9%
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* a-Pinene
* A bicyclic terpene (CyHyg. 136.24 g/mol )
CH * Density = 0.86 gem™ (15 °C)
» Melting point =-62 ~-355°C
* Boiling point =155 ~ 156 °C
H.;C * Solubility = Pratically insoluble in water
: * Anti-scuticaciliate activity !!!
H_-5C * Alternative of toxic formaline

e

Fig. 14 ¢9-94l (alpha-Pinene) 2472 & E4
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(. Camphene

= Molecular formula = C,;H;; (136.24 g/mol )

= Appearance = Rigid solid/crystals

= Melting point =48-52 °C CHg

= Volatilizes on exposure to air

* Solubility
water= practically insoluble in water
Freely soluble in common organic selvents
(Ethanol, acetone, hexane)

* Pesticide activity !!!

CHs

CH,

=

Fig.15 74l (Camphene)o] EA}72 2 &4

-‘?——’Fﬂm] B tid &3le® =
A% gz 3 EAES Holxe g=v. T FHEAY] 3 =
(120,000 ¥/Kg), FHLS 2HEHNA g 2 AFEHES Holr|e syt 2 a3t

= %2 =2tk

[e] o_]
'T' =

A

a Caffeine N

= Molecular formula = CgH;;N,O, (194.19 g/mol )

= Appearance = Odorless, white needles or powder

= Density = 1.23 g.cm (solid)

= Melting point =227 - 228 "C (anhyvdrous)

= Boiling point = 178 *C (sublimation)

= Solubility
water= 2.17g/100mL (25 °C) Lr”‘\

Ethanol=1.0g/66mL il i

Acetone=1.0g/50mL

= Pesticide activity !!!

X-ray diffraction pattern of caffeine (anhydrous, JCPDF #29-1594)

2000 H
2000
A A,
T ¥ T
] 20

60

©
w
o
s
=
[
s

N2
Am
oX,

Fig.16 7}#| Q1 (Caffeine)o] BEX}4-Z
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Zatgole] EI7F YE A2 4HA JE Quinined Lo WHoz HEs)o]
Ichthyophthirius multifiliis¥} H. salmonisel ZHE Foo FA7l 75392 ™, Quinines
ATEY = YT a9 e Ao ®E HIHAY. Quinine= tetrahymena pyriformisol] A
Axe] 232 T QA weS B A4S S FARFAHL sk flEiAsE gt
drleo] 87HH, £ e G844 B dPEHE ez duH

=
2 o8

2

& N
= Quinine Sulfate

= Molecular formula = (C,;H,, N,0,),H,80,2H,0 (782.94 g/mol)
= Appearance = White crvstalline powder
= Melting point =233-235 °C
= Become to brownish on exposure to light
= Solubility
water= 1g/810mL, on 32mL boiling water
Very soluble in ethanol

1727
= Pesticide activity !!! v
HO N—| 1
H-\—» / /H
5 wso, + 0 XRD
Sens
? A
2 A Ao J L’L&
0 5 10 15 20

b

Z 2yl (Limonene)> < #:MA v} FE E/Y & FAHste A A48 d
(essential oil)o]t}. du}-Full 7} mpzt7iA 2 Fdbdo] AA A FolA Ef9 Ak o3 &
o] B ZAd 1fgd EZZ EBoll Ui &3=rt Mg e Edon. g2l A9 F
g g, e 2 ASEIVE g0l T ods AFZEAE B8 4EA ok 53], 3R
F, AEEE 2% XFHY gy UE a94E Uele Aoz 4dHA Uk Fe HIEA
2 EAgdd tigk Hrt AR vl B2 FRAAME AFE IS dd AEE dFans I
A g AR 2t FaA AnAFEAA B EW S Y FAste HAY B o=
dol o] AL AAEHR &Lol A HIUth webA] G-Iyl mpvtAE e B g
AY ALA2"E o] &ste F 579 g o3 95 48 FHAg) sha, FEHA
o] &3x] o] 7hEstH, Alo&E AlL=Fo o3 BHEHY §EEEE YA =
ol mel F28 E5AS FHAZ & F A= AFY o] shEsith E=3, gEely &
A2 A2 HE dojd & Qe EZ2 vnd 7HEE A™E (15000 ~ 25000 9/L)5t1 9=
o] Fgol 4&% FHol vk 53, AF=W HE tEFEY FAERE FHE 9459 7
o] 7}5sle] AAAol ¢35 FHL UYehie Aot B Ao s dul-vuly oE
of g AFSE A% FAAAH 952 AP FHHA AN Le I AT
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a E

d-Limonene

= 1-methyl-4-(1-methylethenyl)-cyclohexene [C,; H,¢]

= A cyclic terpene compound

= Colorless liquid with characteristic citrus odor

= MW: 136.23 g/mol

= Melting point: -74.3~-96.9°C

= Boiling point: 175.5~176°C

= Density : 0.8411 g/cm?8,

= Solubility: Slightly soluble in water (13.8 mg/mL at25° C)

= Soluble in acetone, dimethyl sulfoxide and ethanol

=High volatile compound (665 Pa at40.4" C)

= Biological description: Limoneneis a naturally occurring chemical which is
used in many food products, soaps and perfumes for its lemon-like flavor.
Limonenealso is a registered active ingredientin 15 pesticide products used
as insecticides, insect repellents, and dog and cat repellents.

d-Limonene
- -

—",

4
=2
Lo
olr
L
>
R
%
)
fr
it
oX

3 = HAAEA G F=xul
Ao &E&HE o] Igxdol ot F, FXUd & dAFEE dAHSA FA5H
Heixs GRS =7t dASH FAIE L 5t ol & flsiA= E4EY §EHETT
zA=s AEAVE Zastrh 53], fFE@HGE0l 8, ALY, &8lE 59 EF 54
o oJste] EHAH Heo] T B olF FEE F U= ALU|so] a7HNY

B d7olA FHAHL 7Y Eab-ud B gRue e 38d =22 = o
S &=t F3] ol HA Axst= A o7l MAste sz AlHe R FAAGES dd
ol B7lssltt. £, olf A2 el i 27 o FAE Fote] s A71A
Be A LB Axy Sae Jgvt Erbestth E, Wy grdl Zo] dFF I} 7
2L GAd FF 2ol Foste B 2318 oFe SA4YHE g 5 UH. old A
= THEZY 55 LS Al & 5 Al &A Al&Flo]l A FHoloF Jtt
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e CH, 1
0000000 ] oH
D NS
+ HC HO
+ HC
" N .
\ £7 48 B2 2R £
o4 —
Beiaee hsn 2749 ¥302 N2E isuE 2t
Ol 2% ¥5 & ~3E)5 £B-EE 257

@A A B deagAle 34
AE f7) § 2TET BHELS SUAY G PeRTA T Asl 24
278 o] g HES AMuHo] ot 7 ggdoez A Z=7HAke] vhey HAF
Ev 24Elo|EA (semectite-type) HEZ A Aoz HEZO|E (hectorite), EEZEY
Z1o]E (montmorillonite), A}X1}o]E (saponite), Blo]delo]E (beidellite)7} &8 A o
|59 AZTx ¥ ZAE 5AL Fig2ld Yelfnt olefdx HEH FA wlolyl Fo
U243 A=z @82 4 . [27-3]]
M :""""'“":"‘I::’-"’: Vicariant elemant =an:-.r??5?1‘:? Vicariant element
(") e &) a% 0000 c;; [N T D e
T F.' Mot b
. Saponite ; - -B!hﬁilll.

Framework element | Vicariant slamant Framewok alaman! | Vicanant elemant

|

H

|

& B

Fig2l Z¥Elol = AESTRS) 4372 3% 24TH

g 2FE 7S =B gA Al o)&EHE TA4E F
2 AH7tE FA4"E ArdA(tetrahedral)F 7 rlavlEs e dFHgeE 74" W
(octahedral) 727} 1:1 == 218 F5H 23Y SATZRE 21 Jot =48 77133
Az AA7F 7Y e &3} (negative charge)E WA g g
AA717] fleke] F3boll 3o SHst ol sFEE Foleol EA A
B FUIgEEY Foled e FHY Yol R ol
A, F49 :—Ell—7li}tl-% Fol frrldeled ZFE o3t e FAY S
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=
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reaction)o] 7H5ate] f7]Bdo] Z7ke] AYHE A A5FHel B 24Y TSGR
40l RfAdol A3 EAE NEAE F Utk ol#g FIt AYE EEL oW T3 Ft
QY 2 FER ARE AAS $FIA S AREE BT S A BEA 7183
5 oFE 52 97 FEE 2ANWA AL AESHEH $80] 7F5T BholT
2o A A48 ¢ dt HEA 349 TIRFERE Beyel Ut WA =
= HEZA EERY 21} E (montmorillonite), #l E1}o] E (bentonite), & E &}o] E (hectorite),
A}EZ1}o] E (saponite), Blo]d 2}o] E (beidellite), +=E Z1}0] E (nontronite), &4 & (mica), H
Al eho] E(vermicullite) o] THATh 47 249 THTE] A% FE 9N mg 2
A7), ol WI5(CEC : cation exchange capacity), & H&4, ETE THF WAT T
g TS EREG F0AYel % U=BEA F4dt SEE A gk Yud
o7 ARk meke Y, dAe =7 50m ol A Iym o]/Fo]l ulEA S, Fole w$h
&< 60~200 meq./1 00go] FEEA WhgS flsto] vigrA s HEE 5 QUnh Fig. 2= o
EAU A EERYRYER B dFoA @AZ2 F2 AMS-E Sud-ChimieAl] Bionite]
485 vEtd Aotk
Test Items Unit Specification Data
Cation Exchange Capacity meq/100g Min.90 91.6
Moisture Contents wt.% 8-12 9.1
Montmorillonite Contents wt.%,(mg/q) 75-85(330-374) 75(330)
Swelling Volume ml/2g Min.30 31.0
Brookfield Immediately Min.30 147
s 4 After 1H b Min.50 364
pH-Value - About 10 10.0
Particle Size{res:idw?s on 0.063mm Wt % 10-15 14.6
sieve)
Fig. 22 ¥ &<l A5 HE (BIONIT)e] &4 (Specification)
E3 AEFELS B4 154 222 tFEE I/4 (254, hydrophobic)o]
e GAEAY FUAAE SeiAe FNE vY ARHeE NEsFE FYol dasith
A4 NEAE fsiA dutd oz AMEE= ®Ho] ool AAEdA| (catioinic surfactant)
EAS SAY A7l Wi elth. FAIA 2 H E b Aoty (tetradecylamine), AL A olRl
=

(hexadecylamine), <-E}d]|4o}lW (octadecylamin) 3 8 ol {F 2 I 47, td et 2dHord
ol &= (dimethyldistearylammonium), Efdv gy Egte A ¢ 2 & (trimethyltetradecyl
ammonium), EZ]HHAAH A IR F(trimethyhexadecyl ammonium), EZHESEHH A =
F(trimethyloctadecyl ammonium), WZEZ WY I 2 FH(benzyltrimethyl ammonium), HIZE

Yol g & E F(benzyltriethyl ammonium), HLEZHEH I ZFH(phenyltrimethyl ammonium),
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oo & t]-L-ehd| A & 2 F (Dimethyldioctadecyl

ammonium), ¥l &5 F(Benzalkonium), 2~H &3 F(Stearalkonium), B }E F(Denatonium), A

A g E 2 ' 4 2 F(Cetyltrimethylammonium)

=1}
=

a4

oN
j

g3 2] ] F(Cetylpyridinium), E| E&h-n-FH & 2 F(Tetra-n-butylammonium)3} 7

(Polyquaternium) ¥} Z-2

EAEF

=l
=

olzriy 475 4EF,

Alele]

=

<3

= HE AR

—

kel

A

B

tel o] XRD

=)

A2 e g7t A

o -AE JeBgAe g4

A Hed HES

=25
=]

3 27E7 BHAR S 2]

3.

(intercalation reaction)

Ao g Ve

Kunipia-G (Kunimine industry Co. Itd,

=

Al
A

tsith. Fig.234]

I Qs

o o3

(cetyltrimethylammonium bromide, CTAB)E Z 7kl

L

Zm}o]
ANE GE

H

14 CTAB<]

F71 <13

=)

N

ok o

=)

(solid state reaction method)& ©]-&

-
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0y

il
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shge] wls Hoju
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de HEstel 3har

HE]

350l

RIS

=)

T

£ Foll wet §o

dE EAd

=
R

Ao §715Es}te] W
1A Hot

=)

&2l driving force2 Z&F

%X

g2 (van der Waals) 243 Z-8-0] 7]
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Clay sample ME-100 Kunipia-G | Wyoming Laponite Opazil

Cation Exchange
120 115 71 75 100

Capacity (mmol/100g)

Clay Organic Template * Caffeine ; ghg 2o
(Mont)* % (30wWt%) t (15wt%) (water)

l Grinding & Drying

Caffeine-Clay Composite
Fig. 48 AES FHol Be 7-gEe] s gAle] F4TH (TIHSH)
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Intensity

1600 4

1600 7 17.254
- 1
Kunipia-G ME-100
1200 1 18.5A i
=
! ¥ % 200 l (
800 | 2 1
"‘QA |U| b ] | | !l ﬁ
400 \ | LWWW“”” 1 \ M}WW hm
D T T T T T T T 1 G T T T T T T T 1
D 5 10 15 20 23 20 e 4600 ° 5 10 15 20 25 30 35 40
Laponite 5 Wyoming
1200 1200 4
19A e
1 ‘=
800 g 500 1 19.8A | ‘
! ! = 1 h ! ‘
4 gl !
400 1 WMWO ;JA v ' W L*"‘W s
Mw
1608 1 . ; ; ; 0 . ; ; ; : ; . :
5 10 15 20 25 20 5 40 0 5 10 15 20 25 20 s 40
1200
OPAZIL | : Caffeine (#29-1594)
300 1 36.5A 1 : NaBr (#78-0761)
-1sl2A ﬁ v :CTAB
o N\\-‘Jw N
D T T T T T T T 1
) 5 10 15 20 25 0 5 20

Fig. 49 AE9) Rl B2 79-HEY =B g XRD He (TAu-5H)

Clay + CTAB

- Solution reaction
-x CEC 3Hjj / ¥t2 60°C, Zhr, 23] Ht=
- Drying (60°C)

Adding Caffeine
(15wt%, EtOH 10 drop)

- Grinding (30min)
- Drying (60°C / 20min)

Caffeine-Clay Nanocomposite

Fig. 50 AES FFol e Fud-HFES Y=EBFgA o FHFH
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ofo
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22.2A

24.4A,
(a) ME-100 (b ) Kunipia-G
20.4A
k._,k_ P e PN s s
a 5 10 15 20 25 30 35 400 5 10 15 20 25 30 35
23.1A,

(¢ ) Bionit 15.2A (d ) Laponite

T T T T T T 1T T T T T T T
5 10 15 20 25 30 35 400 5 10 15 20 25 30 35

e (e ) Opazil

W

T
a

T T T T T T T 1
5 10 15 20 25 30 35 40

Fig. 51 AEe] FFol 0 79 -HES] U=Ega XRD 39
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o A g PA-HE BeRAe T4

AT Aol B U=EBEA AXE Sl fARA AWsEch S8, gaAol
Ao A 254 BAR T A% o 054 FEY 302 47152 o83 Hho] BaP
g0tk Fig. 52 A& AW 2 P eBga AZFYE =ASG0H, 242 o u
wEgAle] e XRD £AA7E Fig. 53 EASUTh o] A% FUAE HERE G4 2
ERgRiolE AQe WAPES o §3AT ($EF : OPAZIL). AUI} 74 BF 207
49 HEZS Z4Y S B =B At 24 2A T & A9

Clay i CTAB
(Opazil) (30wt%, EtOH base)

-Roll milling
--Drying

Adding Quinine or Camphene
(20wt%, EtOH base)

| -Grinding
-Drying

Quinine or Camphene-Clay
Nanocomposite

Fig. 52 Ad 2 ZH-HE J=E2FA Ax A=

37.7A
20.7A

Intensity (arb.unit)

./,J \ 19.1A

M 30% CTAB + Opazil=0CC(3p%)

I T T T T T T T T T 1
] 2 4 6 8 10 12 14 16 18 20
2 theta (@)

Fig. 53 A 8! ZA-FE b= B34 XRD HE
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vl Z| RU-HE YB3 A

EN FUAY W A Lok A9 e fAbsteh 23] slsteE T
ZE B8l FF a4 E AEAe] we Blssth gRuE ol&ste thFdt FHAY
Mezd e pAAEe Adader Fad WL e 2ol ey
Fig. 540l Z4HE 82 FAnto]7lel ME-100S o]&35t1, &7 dZdHolER
ZA7EF BZK)Este grdlS 233t 338 =A5t¥TE Figh5ols ARSsts A o
2 4Zo] TE XRD EAARE mAsdt e FEE t2d gAeEe A% Wiz
¥ FMAYSE A Bl oA ol Fene FHFUSS BRY PES
S gl Aoz HHT 4 Yok B, ARdel S frlsd WES ol FUAYshE
3¢ 32929 broadening2 #EHUY S A = 2 M3 S & F I
Clay (ME-100)
M <€— Benzalkonium (BZK)
Organo-Clay
ﬂ' <€— Limonene
Limonene-Organo -Clay
Nanocomposite
[Clay : BZK : Limonene = 6.5: 2.5 : 1.0 wt ratio]
Fig. 54 & 2dl-A¢ 2 =84 T4
E ME-BZK-Limonene
£
£
g
£ ME-BZK
0 SO, .. :
2 7 12 17 22 27
Two theta(2 #)



Fig. 5601 Fig53 TAMols we gz 2o dege A7lem 2749 e
2 wEHoE AYAE Aol XRD WE EAsrh 53 wEuge AWSAE 2]
elsk XRD HEle] Wsl7h =7 #2EA 9Uth F DHWSES ot FLE WeHY

P& Fe A7 ol2oe & 5 ATk

& ME-BZK-Limonene x5

s’ TE L ME-BZK-Limonene x4

M ME-BZK-Limonene x3

- S M ME-BZK-Limonene x2

S ME-BZK-Limonene x1
oot et e

Intensity (arb.unit)

2 4 6 8 10 12 14 16 18 20 22 24

Fig. 56 iR Rh-go] me FEd-FYE YeH A4 XRD 2427

Clay (Kunipia-G)
! €— Benzalkonium (BZK)/EtOH

Organo-Clay

€— Limonene *
(HEFH)

<€— Grinding / Heating (80°C/30 min)

Limonene-Organo -Clay
Nanocomposite

[Clay : BZK : Limonene = 6.5: 2.5: 1.0 * wt ratio]
Fig. 57 2| 2dl-§4 & V=53A &4

Fig. 5701 ZWEAE KunipiaGE AHE3lT, Slmdle 434 (01g) 27441719
M EATIE AtS gAEelw, FigStlE oln wRagel dolAE A B
HlEF % 27)e] XRD siH o
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= #3d & F deH, o] B EHF o] &olstA 47
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Kuni-G-BZK-Limonene-0 .6
Kuni-G-BZK-Limonene-0,5
_ Kuni-G-BZK-Limonene-0 4
Kuni-G-BZK-Limonene-0.3
Kunt-G-BZK-Limonen_e_:Q_j 2
uni-G-BZK-Limonene-0 1,
Kuni-G-BZK

Intensity (arb.unit)

10

12

Two theta(2 #)

Fig. 58 ¥FEukSo] W FYEW-AE (Kuni-G) YJ=EFA XRD

) E Z0AY ol g% U=RgA ¥4 oRE Bu, BAs] A% gz
ATALA Yl F2 BEE guloln, Ald RRE AU FARY 8 {718 228
AR 7] fste] BEEQen, $27E BHBAY ATHS B AR FHm 4
by 14 FAFL AESAT. olsdlE B8, GC, ¥ A, IR 2441, SEM Fo|
BreBga B e gAE o83 HgaAel 542 BAs Astel BEEUT

= Dissolution tester
g&7]

= UV-Vis Spectrophotometer
(Rreld-7tN g EaE4 7]

= Powder X-ray Diffractometer
[EEX-H 22 247

- ogy - Miniflex

- H|Z=A} : Rigaku (Japan)
-H E:

X-ray generator(30kV, 15mA)
Vertical type goniometer
X-ray tube, Cu with Ni filter

SC detector

Fig. 59 F8 %A

Dels : NEOSYS-2000
S ESVRICoNES
H #:
Double beam type
Wavelength range : 190 ~1100 nm

Accuracy @ = 0.1 nm
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3. HFHEA| AFEIL AT

ko
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o
~
E
)
N
i
~
2
I
=
ot
B

7} 2FE 7 2y e (AE /A8t

LA 2FEFF] T4 0 2 77182 20059%RE Add 2 BEXALE G
A AEHGTFAANTELE AFEI A AT gRdA Al Ees 2FEHIEE 28 2
sty FAAEHE T3 A2l 2FEISE oF TS FEH #F 2 22
B84 =AH7AHL AA Miamiensis avidus % Uronema marinum® 2 =3 F AFE 7}=
S Yol Adde ARSIt B E 2FEIIFA HEAd 2 HAddo MY =oa

e
i)
P

Miamiensis avidusE ®jsle] Ago] AL&sAT. AFAE FA Miamiensis
5L A5t gt 200935 1
Eo wa} AthF o2 Miamiensis avidusE
A Fxeo sty dHAFEL Y5

avidus®} Uronema marinum 2Z9] 3t At
2E 2FEIS T OE gadd #d =
o WYAdo] k8t Uronema marinum £ AT

A st

i)

=

L A% 2FEILS ol 2 S

MEFE o83 vl : oFFIAME Chinook salmon embryo-214(CHSE-214)=
Minimun Essential Medium(MEM, Gibco, USA)oll 10% FBS(Gibco, USA) = A A
penicillin(Gibco, USA) 100 unit®} streptomycin(Gibco, USA) 100ug/m{ &2 2z}t H7}
3 v orolofl A oF 5~7U7 20TCAA wikstyth £ 3k Miamiensis avidusE v ¥
CHSE-214 wj Aol HFste] 7~943t 15Tl A v g H Aol A&t

t}. in vitro 2FE7}E AF g3 Ho}

in vitro AP T3 F 2FE 7L FEAA EF HH - 55 2 £ HAE T T
nAEY Be ASAH 24 BEE F HAE AT dEE EEELS BEEEA
met DMSOst el HFE= 5 ppm 2 S 4AA 30ReA 120837 27E 75 &
FAIE Hol=A FAFIT (T 3). AFaF= eI (morphology)ot AFE (motility)
AEE Sttt

- 24 well-platec] 2=FE|7}5 vl 950 ut B2 F A" =4 50 pE Aol T8 £
ol & F A2(18~22T)ell Fol A7HEz B3

- AuAE A 2FEHIESS GA5AL FEE, AEE AR e Y90S 2I5A
=

- A3 23

- a-pinene, limonen, campheneo] 7} 2 2=FE7E 4% a9E HY
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E 3. AEEHY B 2FE 7S A

A BiEa £3 | 74 T
1 a-pinene DMSO -
2 d-limonen DMSO o
3 camphene DMSO -
4 caffeine Gl - ook
AP | 5 Quinacrine dihydrochloride F35 + o]k
6 Quinine sulfate DMSO + oJ ek
7 Trimethoprim DMSO ++ oJ ek
8 Oxytetracyline hydrochloride DMSO b o] okx
9 Doxycycline hyclate DMSO - ookx
B
2 DMSO ; + 2

*4+4 50% ol Felwlat B ARG ++, 50% A= Felws @ oAb+ 50% vt Feuls 2 OAE; - Wsgls

2t =¥

plsh

A1 dEa

M 13 43
a-pinene, limonen, campheneE Z& 5% 5, 10, 20, 40, 80, 100 ppm=Z = 2|3} 10&,
302, 60, 908, 1208 T 2zt ~FE| 7139 e}%—ihg glstgieh. 258759 o
FATE vwsty] A8 HxTFE TELRH(FHTETE 50 ppm)S ARSI AL, &gl 3
7hA] AE BFL Zolx £1d DMSOZ control2 AM&-3lth ~FE L5 4% a3
= FH13te] A3t (morphology)et Al (motility) 3 =8 2 H4-E i Z
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T4 2TEAF AFEHE BT
A% 4
4 | HslglS; EHEE Y B H AIEZ Y
3 |50% mgte] ME7F AY E= EERAQd BY
FejH ) _ _
2 | 9k 50%e MEZF AY Ee EARASA Y
(Morphology)
1 |50% ool Alx7l 99 e B3 2
0 | ti&EEe] M=E7}t &30
4 | AFEGlS; B g AME
3 | AlZAIEO] 50% B= 3
AR =
o 2 | AER 2F50% AT AFEE T A E7 HAAHQA SE AL B
(Motility)
1 | ME F 50% o]do] ARSI ME7F v E54E Y
0 | AEFE MEe o= MEZ7} gl
AP ZET (R 4
- a-pinene (Fig.60, 61): &% 40 ppm o] 4HE Hd 308 F tJRE AFE|FIF0]
AFESEATE 20 ppmellAE A 60% F 2FEIIF o] AMESHATH 59 10ppmell e A
7 1207 & d¥ o &3 2FHISE BES T 013}10‘4' 22 AFEsk
- R-limonen(Fig.62, 63): &% 40 ppm ©|4HH A7 308 & tjiEo ~FE|FS0] A}
Bttt 5, 10, 20 ppmel A= A F 30F FHE FEjHsiet ABBETL wol «]74] o
ZEUT AHE 1208 FAE 939 ALI 2FEHISE #IE F AUA T thFE A}

2t At

- camphene(Fig.64, 65): &%= 20 ppm ©|’4EH A7 308 & tFEE2] i—?LE] Tt AL

st 10 ppmoll A= A7 10% F5EH Feivgtet AR =7 5435 wdd HAL A

30 FHE ofte] AEd d¥e A2FEHIES #AY 5 AU Sppmell A= A 120

T FoE oF 50% FErro] FEjHsle} AEAEE HAFUT

- X2%Y S0ppme MRS wf A 10 THE FErt dFez FA435 WststA

EH0l FAEJNT A 90F THRE dFE WIFH LFEHIF BT & FHo| AL

= 9tk (Fig. 60, G, 19 Fig 63, F).

- §ujQl DMSOE 2T H7tEd A stAS wollx 2FE7IF9 Fejusgiel ARl U

Agh A EAS AEg AdFRY tha muEnh. DMSO AE 1204 Folle AZE
Ao st FeasEE EYv (Fig60, H; Fig.11, F).

- a-pinene, limonen, camphene®] »=FE|7}% AF a3b= 1 20~30 ppmol A 7} W=

I 2 EFE BAva AzE
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= L Ot B

Fig.60. a-pinene A7 108 & FT=® ALz, A, 5ppm; B, 10ppm; C, 20ppm; D, 40ppm; E,
80ppm; F, 100ppm; G, L2E7 50 ppm; H, DMSO; #j-&, 200X.
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Fig.61. a-pinene 10 ppm @ F A7+ Az, A, 1082; B, 30%; C, 60%; D, 90%; E, 120%;
F, DMSO &] 120%; Hl£, 200X.
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Fig. 62. limonen A &] 102 & %W AME. A, 5ppm; B, 10ppm; C, 20ppm; D, 40ppm; E,
80ppm; F, 100ppm; &, 200X.
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g

Fig.63. limonen 20 ppm

22 120%; vl&, 200X.

Y
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Fig. 64. camphene A& 108 & 5% ALZ. A, 5ppm; B, 10ppm; C, 20ppm; D, 40ppm; E,
80ppm; F, 100ppm; &, 200X.
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Fig. 65. camphene 10 ppm 2] 3 A|7FE AL A, 10&; B, 30&; C, 60&; D, 90&; ¥,
200X.

@) 274 4%
SRR ze

camphenec| 1o 2543 & A73A FFQ Utiestage] o#d 23 dd5H
SHT.

o

;f_:]_

A

23} a-pinene, limonen, camphene FolA 74 F3r} = =

o fo

kin

o

« 12 A A3 wel a-pinene, hmonenA A=g37 T HYYES A T 23} 43
a-

< FY3IUH. a-pinene, limonens FHFFE 1, 5 10, 15, 20, 30 ppm F=2 A3 F 15
i, 304, 60, 90, 1202 B AFEIE ASETE #AFSAT. AFE IS AFHES
vl w3ty 98] hzTE L2EHU(FFFE 50 ppm)S ARSI, €01) DMSOZE control 2
A3

- AYZET (X 6)
- a-pinene, limonen =% 1, 5 ppm A= & AFFIHE Holx] % *o ]7}01 Z]‘é
T5 2FEIZY FErt d¥o 2 Wata 5o %
10ppm FE 73 A4Fans BYom A7to)
S #F 3}9315} limonen= 15ppm%-H 73t AFa 32 B Yo
2LYE A3 2FEHIFL 13 AF 29 niziA 2 A siaieka 5401 ¢l

gr“E] 7}%01 4‘%6}—‘5

H~l



oFom Azl 302 FRE AT/t SAHE AL FAT + AAT
- DMSOZ Aeld ~FEAFE AT AY+-E Fe7t 99er MIHYO} 25A

L g2 AL A AdgFrEg sty
- a-pinene, limonen?] ~FEJ7lF AF F3= FHA 5~10 ppm o4 o Jeldota A
ZTE

F 6. &FHIL A5 Ay 23 43 2y

49 [ ERpem | gy A | 9W | A2 ®d A ®E | A2 WY | Abe
1 4 4 3 4 3 3 2 3 1 3
5 4 4 3 4 2 3 2 3 1 3
3] 10 2 2 1 1 1 1 1 1 0 1
ul 15 1 1 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0
A 30 0 0 0 0 0 0 0 0 0 0
T 1 4 4 3 4 3 4 2 3 2 3
5 4 4 3 4 2 3 2 3 1 3
. 10 2 3 2 2 1 2 1 2 1 2
L
15 1 1 1 1 0 1 0 0 0 0
il
20 1 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0
Iz
o 50 4 1 4 1 1 1 0 0 0 0
=135
= = i
— | DM
T - 4 4 3 4 2 4 2 3 2 3
SO

(3) 32 44

a-pinene®} limoneng EF3}H-E w] AF A|URAF7} Hol=x]E #3527 43t
SRLERE LT
- a-pinene¥} R-limonenE Zt7z} 0, 1, 2, 3, 4, 5, 6 ppm & 4o, TF HFET7}
6ppmo] EE=5 sttt

- F 7R 22 Ao 2 AUAEIE HolA FUn(HelE HolA &) A|AE

2=
a7E B SldAE FES zdsd F74EQ 49e FAsloR, T ok Bl e
AEel 249 AL AQY © 2 wTHE gL Aol ARH.
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539} £d& T A4S kA EE F A4S EHE ZA RS a-pinene, limonen,
campheneE A5t H¥E FdsATt 3714 2 F camphenee] A7} 713 wgio}
Edo] A2 waAFEeE Wi g3 AEDII =Zof AFIIL olHe AAZ AFNA

o

A stk AA A<l a-pinenest limonenE DMSOo]| o AFE|7}E ujokdz 4o =
AzgHes g5t DMSO 94 in vitro AP A AFEIE EA4L B gGo1}, DMSO
o ZMA AL AstdS W 2FEHIF] HH}Eﬂl AR EE AL st 4% 27
¥ £d BF 31 20~30 ppm¥ L Sppme] Tl A H4FEIHES Bt Ao
= 5 ppm E= 10 ppmz BE& AsAe o x%al 30% FHH FeH¥srt FEioH
1202 Zo= 50% o|ito] AbEalYTh 20~30 ppmo 2 AT etYe W Ay 108 T2EH 3
BlEsel AFES % 4 gtk 28U T kA BEAL EFEEe W 5% AU ET

O

-

FYAEL A7) AANAE A7) 4E upe} o] AzZH WA i FYAE 4

A% ulely 2 A7 TS QAT 27)9 moow HFsloF Brk g =

AL AAGel ol TAHoE mslol T AL SHe A AHF v} o] B

Fah A2 Side] Lol AR F U R solok I A5 Fold YW ==
Aol Zad abolth 2 ol PP FEEE Aols

g9 F2Hom A4H] gEo] oleF 5L ANA = Wld TAHA

t Aol #rel Hrk w4, ¥ $
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i

Yo

off 1

o = (it
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2 yE P 2 ot fg o
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=3 Y-S Azxste PR o AYE 245 HAE A5 "ok B ATl
Me A7y Y 49718 o8 #Y3 e $Addez nyssit. Al 799
#g Azto] Thssta Egelv 2718 @A v E F 3] R EA4E €
Aejsts H fFasivtn A=A ABIE o83 A3 THNA AH] B, =27], B
=, B #UA4E 5& #A9Ee Odd ek ZbeHEH P F43 Aol ¢EA A
%, GH8 UES GSsUE W Fdol HAH3 Holok H- A7), B B FEIF IS
A Aol B+ 9t
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W &#Ae o] s HA w3, AP Az A
, Eue BgActe] BEY 52 3o AE 2 A

F71A v el B8 (water glass, sodium silicate)E E % HIQIHZE Mesidct. &

= A vIEzbe 234 8 234 HAd SolA Add Eos o
ol st 44 YEEF ERFEUE A s E st #HE8 245
7] BT EfE Y 3¢ FriEAd deAolEste s}
Aot mel AAAFs 7 2 FHo] B VAR AE

6(}:

%_
ol

3

e

I g ] Lo gk 3ol ¢, gt , 5T 2,
(Maltodextrin) ’ Lr/ " ] i}f%sﬂ% A ‘14:4 A FHHes SR F5 | AF
£ s AEY FIARE AL T
49 . 5 S5Ael we 94, (Super absorbent | T FH ,
ol & Y o|E polymer). Ca® & Mg”' 7 binding <3, NaCl 3 | & & ,
(Polyacrylate) 7} & binding -§-3] 43
Lo mom HAdo] domn, kAl B FHARE
a4 fskdE, dabe, 2 T4 2
A 7} olie %L%%ﬂ% 7hsh fAlgle] Aj7lar 3
(Sodium I f AHd el M %‘zﬂﬂﬂo iZZ%] SE/ :Pz} == ié %f%
Alginate) T @A) il AAES B BHE 77 %Uﬁ‘iﬂt e
=2 g5 M EF F8Ad A2 7hei
AF7lsbe] Agate] Mo MEy. o] AL
pH 58 ool =7] Al43t
7HAIQl Y EF SHE, 249, did Ef9 vixgoel lon
(Sodium U»FOQ o 2 w3 pHe B4 Fgold A& s |
Caseinate) ) FFAQIe] Eelso]l A F4 FH 5 FHA
En S Polysaccharide, 24]%2] Z3A|, ZAzA, 3},
zhek 7 P ey WY AR AL Yol BAtEal Ao g8 &
(Xanthan Gum) e d exol mE Ywe o7t A9 gg. ¢4
a4 Uledg, pH 2~13 eolol A A syt §ld.
ol % St egdl HA Rabee] ddlsta gy
(Guar Gum) HJ[O&OHO N 7HA g A 1% F8H2 3000 cpse] A | FF
L5 yed
kAl (o 2R\ 229X FaA =AA, ARAR ALS AEAI}
) €A s b oSy e e m m e A
(Carboxymethyl \ orR /. B34 %_7:3‘, ggtebd 14, FoXEEHME | &5
CGHUOSQ) R =.Hor: R COsH ‘H—ZI:] 01] El w
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A7 E o] &3t FAHANE FF FHE A=xdle A €A 279 FEHHY Al
zolE w$ FRHoZ HLEArt waba], Lab. A Al AEF Friols wje a7
HgAolgta & ¢ ok 28y AlRr|e A FHAAE we ZA dFg A ZFaA
= A BY AxZFo| ~ 10 kg H=olat, 7|AZ}F wl$ dRlsty 2EHE AF] HWAIF A
A 2AstE wEel Tk £ sz miE 2 3T olAAT A 93 Eub,
Ao 2% FHEF Fo] €S AF 2 AFHAEZ Al=zo JdEFS FAG. webA, olE
FEsE7] A8 2 AR Fxdd AFS HH Azt A APEFL 24 2 dF
Hrte] 28 FE AAFY 483 FFE A F o Aol At el 43 7Y
W]tk A7E FPsigen, APrE HYS twin-screw extruder Bzl HFr|E A,

]

AZ3FH Tt Fig. 719+ twin-screw extruder type HAE 7] (2= FHH7))
yon AEAIRL Fig. 72¢] A8t TE Twin-screwn extruder & g7 ¢4 %
AF(twin-screw) & -85t Aoz EESYE /st 98 w59 o

7] $1si A dAo gkt =3, Fle FEE FF o] olyE A-UY (cylinder type, 97]
)R st EETH| wirecutting 7S et 4G 27| Ao AHdn F, I

29, o
O

AM 5 L3R AT Y5 WS AF 5 mm =Y EEFTE T ew 1£H9 wire
cuttings &35t IAPES A xFTh B Aol A AA A=E Fee FAe APE 4
= Bt AZE" 100 kg olde] AAEET7E DAY, AYe Az SEI 7144

_,d
olr

glo] wAol A gnk. AP FHHAM HAFL EFT T34 g =Zo] 7

o

rr
o o2t ok
b o ® 2

Zol& wire-cutting 2T = WHEo EEET A|oE Foild AFEA 2E2E 5 Y
ol Utk HE3F} twin-screwel o3 JF h¥e] AL {FIAG BHEEY HE FT
o] FAUE FX A7le 948S T

S, AFLAES FIAGTNA ddHFE Y Her Afstes A FAY HE9
2AGA= 959 EF FEol Bt 7 AF 4 A dut E 28 &S
FAY S frEstse o FAol £xo Aol AF B ol FPATEe] HolA=
EARCl Aot weka] ol E sjAsty] flsiA n&2de HAE AA, AR sk 1452
=9 X e HAEE Fig73e] =45, dEARS Fig740] TASIUTH &5 2TE 9A S
Agste 4 dotes HE AFE Id8E HAY Fdot, 2HE oA 1L 2 M6t
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2. By

il

o A=z

Aosh e AYs AL
4 Aol A9 BHEAY AN FHE WHAEA 4

guloh el P E sol ook Felaidth ARNE oSt Axd Wd Fh AE

A EAKIQ] Fig. 759 VERASITH

E 8 34 BF T APAB 240 L SR FF
Finene 2713 HE Pinene &tar
Sample =&har (BZK) (Opazil) (241 7])
(g) (9) (@) (%)
ASP-100 100 200 700 8.6
ASP-200 200 150 650 i 59 |
ASP-300 200 100 £00 23.7

* ASP : Anti-Scutica Product

Fig. 75 Idl & AP W Z9 AEAMA (A&71/79H)
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Fig. 769 & twin-screw extruder T 7]S o] &3l A x3 Jul & Adr e
7Y AEAR S YERd Aol

Fig. 76 Iyl f APAZ AEAZ (HAALF 7/ HAHHF)

G g @ 2R GhYe) AIE ok A AR A3k A 24E

oK

s 53 Ig =L Ax st dRd g5 AHe H9 twin-screw extruderE o]8-3F
AAHE Y-S Azt HEQ FF HAH AxF % Fig. 77 Bl Fig.78¢] EA o=
TASAT. Fig. 799= o8 A Alx® ZgAe XRD #i#®, 7o A& APS e Ao
g E2dle] g olgdA AzxE MES o]&ste FFHIIE AASA

= BH-YE Y-S0 3 [ASP-LM
h__:-“

Gl 0 ic Modifier (CTAB
T
'4— Mixing & Grinding

Z_NANOSPACE
ASP-LM
(Lot No. 111025)

Clay-GTAB + Limonene

. —
'4— Mixing & Grinding

()Lt Ang0| &

CGlay-CTAB-Limonene

Nanocomposite
T

ASP-LM

* Clay:CTAB:Limonene =6.5/2.5/1.0 ASP-LM Granule

Fig. 77 NG 2 o143 =W G4 HYAZ 33
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E— - d-Limonene (1.0 kg)
- CTAB (2.5 kg)
- Mont. (OPAZIL) (6.5 kg)
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@&EE7)

| B
e
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Twin Screw Extruder
(2GE7)

Fig. 78 AP F7&E ©| &3

304 A
600
ﬁ% XRD Analysi
= app nalysis
?é
[:]
= 200
0 1 1 1 1
0 5 10 15 20
2 theta (2)

HYE7HE HS (ASP-LM / 300Kg)
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3, Yz grdo] FAd 74 E Y HEL Axsden, 2FE T F9
3 A=A &7 st Hristgrt. Fig. 80elE iz gl=udlo] TAld 3aE HHPAM
29 Az FHTY AEHE ARES YeERNST o ZlRda Fde] wjgnls FHHE
112 stk U A vy 2 §713HA19] 248 f2d g5 A7y 2A4EHR 53 9
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.-— Mixing & Grinding
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S — —— (Lot Mo. 111025}

'4— Mixing & Grinding

Glay-CTAB-Limonena/Pinene
, Nanocomposiie
T A

(TYLf A 0
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— = = = N3 = 1=
E. 10 GC-MassE ©| &3t 7oz Ry Ao §&3F 427
T 13
shaking incubator 160 rpm 20
=7 tart: 2011-05-11
= 28 | 1207 11220 | TRes o :
Eampling sml
=1 #4 #5
sample =
- 4 control 3.6%(4%) 10.3%(4%)
R 5 ==
a-pinene - 18g 549
EZ0| | sampling EZ0| | sampling EZ0| | sampling EZ0| | sampling EZ0| | sampling
Pyl 200 PM| 0.407 #1-1-1 : : : : : : z
fiii 2:00 AM| 0.025 #1-2-1 3.908 31,578 #4-2-1 | 144.973
i a00 Pv|  0.360 #1-22 3.458 39.762 #4-2-2 | 134733
e g:00 AM| 0407 #1.3.1 2.030 39.046 #4-3-1 37.723
L 200 PM|  0.343 #1-3-2 1.670 23534 #4-3-2 23123
. g00 aM| 0377 1 1.640 9.976 #4-4-1 32,502
i a00 Pv| 0.364 2 1636 10.019 #4-4-2 29.862
o g.00 AM| 0.068 1 1.496 17.546 &l 39,397
i g00 Pv|  0.025 2 1.492 17.554 -2 39.397
e g:00 aM|  0.042 1 1.492 25433 =1 26.467 ;
¥ 200 PM| 0.373 1.458 26.683 -2 31.277 #5-5-2
i 2:00 AM| 0.004 1.293 18.283 -1 | 113225 | #5711
i 200 Pv|  0.004 1221 18.292 -2 | 158522 | #5-7-2
ey 8 2:00 AM|  0.068 1.416 24,089 -1 50.853 #5-8-1
: 200 | 0.420 1.288 7.226 -2 39.491 #5-8-2
— 200 AM| 0157 1310 11.769 | 32,523 #5-g-1
i a00 Pv| 0331 1170 6.662 -2 31.086 #5-G-2
i 200 aM| 0.038 1318 2831 -1 | 31192 | #5-10-1
! a00 PM|  0.076 1526 2556 -2 | 34841 | #s5-10
— g:00 M| 0314 1314 5221 -1 | 54510 | #5-11-1
I (Wl 04%
50 (B) I 12 %
)Ml 36%
£ - (D) M 108 %
=
g 40
s -
=
=
= |
=]
as L
L
o
= 20+
o
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ASP=100

Fig. 84 7] s)4 28 obgme] 3k 2o Bt

6. THl e F2FET &S Bt (SR AF0 )
7 ~2TFEAE %

FAFREA B} ATk R 2FEATAA FEAT BAge] 7P Bhn 99
7l Miamiensis avidus 2 Wj43te] Aol ALE3IATE M. aviduse ARFFIAEE Holz
TEste] o g wjokErt. oFF3AESQ  Chinook salmon embryo-214(CHSE-214;
ATCC No. CRL-1681)E FBS(}Z% % 10%; Gibco, USA) 2 &4 A2 penicillin(HZ%5 % 100
unit/ml; Gibco, USA)Z} streptomycin (#F &% 100ug/ml; Gibco, USA)-& 37} Minimum
Essential Medium(MEM, Gibco, USA)oll A 5~7A7F 20Tl A wjkstch. CHSE-214 Al E=
75 cm2 =7]9] cell culture flask (SPL Life Sciences, d+=)ol] ujokel] 25 mlE ¥ o] vjU3IA
T} CHSE-2147} cell culture flask B}E-S 2 A& A== wjdd sjFdo] M. avidusE: HEF
gt M. avidus 7§AI7F A7 B =5 7~9U3E 15T A vl &5t

L}, a-Pinene WY=E-FH (ASP)9] sl &% AF
FAE a-Pinene Y=EFA S FFd 34 500 mlo) 22+ 04, 1.2, 3.6, 10.8%(W/V)

=2 FH7Iske] 20 T, 160 rpm (rotation per minute) Z7 2] shaking incubatorol Al &%
AT 12417tekeh A o] 50% 8 BaE sieR EZolsiir. 2] A flasks &
o]
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th. a-Pinene W=EgA7t &&H 5o AFE IS A5 AT

96 well-plateo] M. avidus7} vjFE wioFeld (1~2 x 105 cells/ml) 150 pl 2 EF3}H
1 a-Pinene W=EggA ol HFF =71 22 01, 0.3, 09, 27% (V/V)7} HE2 53 42
50 Wy Azsted 10~15 37+ pipete2 EHSIh &&F sl¢E AT F 10&, 30, 60

.

CHEEe UEEREAt $28 A5 A BE A5E Aesd dee 2% As
Qe W ARG o3 2FEAF Begol tha WHHY HAH FEst £F5FL 2
Wk @tk 57k 2TEAEe FuEste AR, f95EC 2 93 A gevE
e Fsnt

A. AFE|FE H Y
B. == H2| 105
C. sl Xl 30&
D. 3= Xa| 605
E. 3= A{2| 90%

ok ot ot ot

Fig. 85 thz79] i g Al7te] w2 of

o9
o
N
N
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01% AT

0

[¢]

n
olr
L
)

a-Pinene V=E23A4 71 5% FE * P
ot Aol AU 2T E 7S] AMEEE A $AT F
A7 127123 24417 AES 2FETLEO HeEsie o
ei7b 2A Wil tiREol 602 oMol AEE
120174 A = 12413 ARSI 144413 o] &L AFsslE
2A glem WAL ALE 7R dals Azke] 60% ool ATk tie g
01 % H=2 AYsAe o b7 23 &5+ F¢ A 74 A=A =
2 AEAYE a9E 5 dua AgEn

0.1% =& (FE[HSh 0.1% HE 7 (AFEHEE)

5 3

$ B}l ¥ 8H{Morphology)
=
APHET & (Motility)

10 m 30 m 60 m 90 m 10 m 30m 60 m 90 m
—4=0 h 4 4 4 4 —4—0h 4 4 4 4
==12 h 2 1 0 (o} ==12 h 2 2 0 o}
=24 h 2 1 o} o} =—de—21 h 2 1 0 0
=—=A8 h 3 1 0 0 =48 h 3 2 0 0
—e=120 h 3 1 0 o} —4=120 h 3 1 0 0
=@-168 h 4 4 1 0 —8-168 h 4 3 1 0
—+=216 h 4 4 3 3 —+=216 h 4 4 3 1

Fig. 86 0.1 % A3@T4 £2FE7lS Fejisiol AEE =
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Fig. 87 01 % A@7e ~7E75 defuissl A2HE BR 2
A 1247 8%, B: 447 &2
A-1: 108 g, A2 : 308 AHg, A-3 : 608 A7
B-1 : 102 =g, B-2 : 308 A g, B-3 : 60& =g
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Fig. 87 0.1 % A9 2FE 7% Fejster AHE
C: 120 A|7t &&, D: 168 A7+ &

C-1: 108 AHe, C-2: 308 AHe, C3 : 608 A
D-1 : 102 g, D2 : 308 &, D3 : 602 7], D4 : 90& g
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03 % AT

- a-Pinene Y=EFAE el &&A7 1243 HEL AT 108 Hod =ZE 2FET}
9 FH7E HIEHAL tFEo] AHEEE S s 03% eE AdsiS o 216
AR BE 2FEFIEe] 30 & o AMEEHAT Y=EFAE A5-EF] 03 % A=
A etAS o 5HF 23] 5T B AL 90U A=A 2FEHIES AHHE AMEATE
aAE E 4 dvkn AgEn

0.3% & (HEHH=H 03% HE T (AIEEE)

5 5
g 4 3 i + ¢ 4 + & + +
g z
2 =
e 3 1 5 3 "
5 \ :
= \ T \
o 2 \ 7o 2 :
E-Y E !
g \ =<
0 1 \ 1 4

0 — z- = B o - . .

10 m 30m 60 m 90 m 10 m 30m 60 m 90 m
=0 h 4 4 4 4 —tp=0 h 4 4 4 4
=12 h (4] 0] 0] 0] —-12 h 2 0 0 0
w24 h 2 0] o 0] =24 h 1 0 0] 0]
—=A8 h 1 0] 0] o —im A8 h 3 0 0 0
=120 h 1 0] 0] (0] == 120 h 2 0] 0 0]
—§=168 h 3 0] 0] 0] —9—168 h 3 0] 0 0]
216 h 4 0] 0] 0] =216 h 3 0] 0 0]

Fig. 88 0.3 % A3 7o &2FH7I5 FefHsiol AAEAHE

0.9 %, 2.7 % AT

- a-Pinene V=B A S 5 09 2 27 %2 £EFAH AFEFIE AP
108 ool 25T Algsts A FASATE oln 03% FTME ERyoz AFEIS
S AFEAIF 7] W&ol 09, 27 %4 FEE ARSI A e wrdgn Ao

o

- Fig89= A7) WWFA BPAT FEY, §2AE L 292 o83 HY A
8 2T EY ABYEE BAY ARE P Aotk Hx 109 olde] ALHIA §F
Be Holda A& @ ~TE7t a5l Uee %Y T F AU
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24 h (2Day)
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60 min 90 min

30 min

10 min

6 h (3Day)

9

30 min 60 min 90 min

10 min

120 h (6Day)
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108 h (6Day)
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144 h (7Day)

10 min 30 min &0 min 90 min

10 min 30 min &0 min 90 min
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168 h (8Day)

10 min 30 min &0 min 90 min

10 min 30 min 60 min 90 min
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192 h (9Day)

10 min 30 min &0 min o min

10 min 30 min &0 min 90 min
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216h (10Day)

Fig. 89 & ~FE|7} Q9] in-vitro E5a3 H712E3
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2}, limonen W=53A9] & ¥ £2FE7} 4587

limonene] /% U=E3A (ASP-LM)9} limonen % Pineneo] &7 {8 v
A (ASP-LP)= BFE a4 250 miol Z+zt 04, 1.2, 3.6, 10.8%(W/V)7F H=2 H7}ske] 20
T, 160 rpm (rotation per minute) F712] shaking incubatoroll A 2-ZA]FH o) 124 7tric) A
A el 50%E BEE MFE EZolsdtt 2ol A flaskE & £E5°] 10 ml & 35
£ Atk Ag i 3 mlo] Hexane 3 mlE F7iste & HoAFE ¥ 45 1 mlE &
#] 5l HPLC% Vlaloﬂ Eu7]01 3] limoneno|l} a-Pinene A 57} drhv} £&FHJeax B
Haldleh. R $347 Aol ATEAF AFEAE A 4D AT Lo| 47
ST ARY B A ASPLM)S) §3 2§ AP TERH AT % 9RE
Z3 L Fig90e] g k4w sttt

ASP-LM X| £ 8= 431

off =:Hj 2rod 13 0.0% 0.1% 0.3% 0.9% 2.7%
shakingincubator {160 pm | 20E
Sampling] 10ml
Sample 1 i 2 =2 =
M control 0.4%(4X) _ 1.2%{4X) 3.6%(4X) 10.8%(4X)
e 250ml (125ml O 23] S20))
ASP-LM - 1 3 9 27
E20] |campling| 2200 [sampling] 220 [sampling] £20] [sampling] £2t0] [sampling
O3yl [535P0 | start | control
Day?2 0:00 AM [9:30 AM | con-1-1 LM-2-1 LM-3-1 LM-4-1 LM-5-1
9:00 PM | 910 PM | con-1-2 LM-2-2 LM-3-2 LM-4-2 LM-5-2
Dav 3 9:00 AM [9:35 AM | con-1-3 : LM-2-3 LM-3-3 LM-4-3 LM-5-3
s 9:00 PM | 9:50 PM | con-1-4 i LM-2-4 LM-3-4 LM-4-4 LM-5-4
Dav4 9:00 AM [ 9:15 PM | con-1-5 LM-2-5 LM-3-5 LM-4-5 LM-5-5
! 9:00 PM | 9:50 PM | con-1-6 LM-2-6 LM-3-6 LM-4-6 LM-5-6
Dav’s 0:00 AM [10:30 AM| con-1-7 : LM-2-7 LM-3-7 LM-4-7 LM-5-7
y 9:00 PM | 9:50 PM | con-1-8 3 LM-2-8 LM-3-8 LM-4-8 LM-5-8
Dav6 9:00 AM [10:10 AM| con-1-9 : LM-2-9 LM-3-9 LM-4-9 LM-5-9
s 9:00 PM | 9:30 PM Jcon-1-10 " LM-2-10 " LM-3-10 " LM-4-10 " LM-5-10
Ty 9:00 AM [10:30 AM |con-1-11 ; LM-2-11 3 LM-3-11 A LM-4-11 3 LM-5-11
' T9:00 PM [10:00 PM[con-1-12 ! LM-2-12 i LM-3-12 ! LM-4-12 i LM-5-12
Dav8 0:00 AM [10:15 AM|con-1-13 : LM-2-13 5 LM-3-13 ! LM-4-13 5 LM-5-13
! 9:00 PM |11:00 PM|con-1-14 i LM-2-14 & LM-3-14 LM-4-14 i LM-5-14

Fig. 90 #Edl & FHPAe] &2 5 & 2FE7F 5% ¥ 5 AEY

2Ee BeRPAt 28 A5 B REe A5E Asgh A5
R ol SFEF 2ol A WHEY HAKY FHL FE
27 WskA 99tk A7k 2FEEe Fuuss A4E, f950) 2 9¢e FA @

qr e X

ASP-LM 01 % A+

Limoneno| {8 UYx=E3

oo

AZ ol £EA1712 O FFE 2FEIE A



. &3 E At 2FEHIFY KAl 438 FrtstAntr Alzte] AuH 54 ol
Gojx 1 Fejrl wWalHA A}E3t} Limonen &3 AlE o-Pinene V=B34 ¢} B sl
< W 2FHFd 9FE F= S5 e =350} dA Aol AIstd tF-Ee F&
APEAIZ T §& AZIA 12417 A si5E M sHiE W =FE ISl 30?‘:_'— ol m=A A}
AatHal §EAITte] AT AABATIE RS AlTte] HAFHGT. §F A1 A HEHE
2T ThEl 21 E A AR HE] S AFEAIZIA R hmonenO] dHrE U=
EFAE 01%9 52 o EEAHS o BEHFHoZ 2FHIIES FY T U= VIS

At 3-49 F=etn A7HE

ASP-LM0.1% A +1: FEHZ} ASP-LM0.1% AEH L AIEH &

s
]
|
3

E-3

£

AFE T & (Motility)

Y 4

HE| ¥ 3}{Morphology)

A NN
N 5

10m | 30m | 60m | 90m | 120 m 10m | 30m | 60m [ %m |120m

——0h 4 4 4 4 | 4 ——0h 4 4 4 4 4
-=-12h | 4 3 | o 0 0 -&-12h | 2 3 o | o 0
+=24h | 4 | 4 | 2 0 0 +-24h | 3 3 1 0 0
—<28h | 4 | 4 | 2 0 0 —<—a8h | 4 | 3 2 1 0
—=72h | 4 | 4 | 2 1 0 —=72h | 4 | 3 2 2 1
—-120h| 4 | 4 | 3 2 1 -120h| 4 | 4 3 3 2

168h| 4 | 4 | 3 3 2 168h| 4 | 4 3 3 2

Fig. 91 ASP-IM 0.1 % A3 9] AFE7IF FeHstel AEAE
ASP-LM 0.3 % X3 T

- 03 % S5E 2TEAZ AL W §F 12AMARE 1684747 308 ]
2RSS HYAAD, 270712 AR £ 23
Hel7t sort AL 302 ool ATES
AYHAL W 2FEAF] B8 LAl =
1k,

4 hoax é
LON

ASP-LM 0.9, 2.7 % AT

Aeete o 108

ASP-IM7} 09 == 27 % AT X35 L2542 AFE TS
=2 Frely A"

ojfol BE AFEFFFol AAEHAH. FEI a7E Eou ta
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ASP-LM 0.3 % & & 7: HE[HD} ASP-LM0.3% AMEJ: AMH™H =

5 5

E 4 4\ + + + 4 E 4 4 + 4 + $
2 , =
g 3 é 3 —B \
% 2 —i % 2
AN RN
%‘J 1 ) = 1

0 \ l— 0 \ i

10m | 30m | 60m [ 90m |120m 10m | 30m | 60m | 90m |120m

—4=0h 4 4 4 4 4 —4=0h 4 4 4 4 4
=f=12 h 2 2 1 0 0 ==12 h 3 3 1 0 0
=24 h 2 2 0 0 (1) —iy=24 h 2 2 0 0 0
48 h 3 2 0 0 4] i 18 b 2 2 0 0 0
—fem72 h 3 1 0 0 (1) =72 h 2 1 0 0 0
-§=120h 4 2 0 0 0 —@=120 h 2 2 0 0 0
w168 h 3 2 0 0 (4] e 1 68 b 2 2 4] 0 0

To 27E7E FeEseh AR E

o

Fig. 92. ASP-LM 0.3 % A

of5-0] 2= ¢ ASP-LM2| ~FE[F[50] (ot =af
ASP-LM =& (0.4 wt%)-0.1

10 min 30 min 60 90 min 120 min
ASE-LM Maor Mt Mor Mt Mor Mt Mor Mt Mar Mt
LM-2-1 4 2~3 3 2 0 0
LM-2-2 4 3 4 3 1
[M-2-3 4 3~4 4 3 0 0
LM-2-4 4 3~4 4 3 0 0
LM-2-5 4 3~4 4 4~3 0 1
LM-2-6 4 3~4 4 3 0~1 1~2
LM-2-7 4 4 4 4~3 0~1 2
LM-2-8 4 4 E 4~3 1~-2 2~3
LM-2-9 4 4 4 4~3 1~-2 2~3
LM-2-10 4 4 4 A~3 1~2 2
[M-2-11 4 4 4 A~3 1~2 2
LM-2-12 4 4 L 4 2~3 3
LM-2-13 4 4 4 4 2~3 3
LM-2-14 4 4 4 4~3 1~2 1~2
normal 4 4 4 4 4

1'&'. _';: -'_F'

k. I
BEEm

T |
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B2=0] 2=% ASP-LMO| ~FE|7[=0] Lo =2
ASP-LM 55 (1.2 wt%) - 0.3%

10 min 30 min 60
Bkt Mar Mt Mar Mt Mar Mt
Li-3-1 3~2 3~2 2~3 3 1 1
LM-3-2 2~3 2~3 2 2~3 0 0]
LM-3-3 2~3 2~3 3 2~3 0 0
LM-3-4 3 23 2 2~3 0 0
LM-3-5 3 2~3 1 1~2 0] 0]
LM-3-6 3~4 2~3 0~1 1 0 0
LM-3-7 3~4 2~3 0~1 0~1 0 0
Lm-3-8 4-3 2~3 2 2 0 0
LM-3-9 4 2~3 2 2 0] 0
LM-3-10 4 2~3 1~2 1~2 0] 0
LM-3-11 3~4 2~3 0~1 1 0 0]
LM-3-12 4 2~3 0~1 1 0] 0
LM-3-13 4 2~3 1~2 2 0 0
LM-3-14 3~4 2~3 2~3 2 0 0
normal 4 4 4 4 4 4
Fig. 93. ASP-LM 54 §2 2 AHA|7hd 3 ~FE 7 T 1.2wt%)

S0 2=% ASP-LM2| AFE|ZI=H ClE =10
ASP-LM 55 (3.6 wt%) - 0.9%

10 min 30 min 60 90 min 120 min

ASE-LM Mor Mt Mor Mt Mor | Mt Mor Mt Mor Mt
LM-4-1 0~1 1 A -
LM-4-2 0 0 a7, N R
LM-4-3 0 0 PSR AN M
LM-4-4 0 0 } {.i:‘v o >
LM-4-5 0 0 i e TR
LM-4-6 0 0 ARSI A
LM-4-7 0 0 b L g o
LM-4-8 0 0 | K
LM-4-9 0 0 [ o S 4

b [/ - t
M410 | 0 | 01 L ) w?“*"ﬁ;.

w2 7 4 ' W
LM-4-11 0 0 g a Lie @
LM-4-12 0 0 v oS AN 0L ag
M413 | 0 | o .:;:l‘ Vo, @ %
[(M-4-14 0 0 Pl P R

' ‘ol
normal 4 4 12 - bt IR 2l
Fig. 93. ASP-LM 54 §2 2 AHA|7td 3 ~FE 7 Z73.6wt%)
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ofi5-0 S= &l ASP-LMO] ~FE[F[=0] Lt &
ASP-LM == (10.8 wt%)-2.4%
10 min 30 min 60 90 min 120 min
vit | Mor ] Mt | Mor ] Mt | Mor | Mt [ Mor | Mt

ASP-LM

o
g

LM-5-1
LM-5-2
LM-5-3
LM-5-4
LM-5-5
LM-5-5
LM-5-7
LM-5-8
LM-5-5
LM-5-10
LM-5-11
LM-5-12
LM-5-13
Lh-5-14
normal

=
Rloooo|oooooo oo
Blololoo|o|o|lo|o|lo|o|olo|o|o

Fig. 93. ASP-LM =4 €2 2 AHA|7td 3 ~FE 7 Z710.8 wt%)

o}, limonen-Pinene &-f Wx=&3A] (ASP_LP)9o] &% 2 ~FE| 7} 4577}

ASP-LPY+= a-Pinene ¥} d-LimonenO] Zo] shaE VJEddA ot JETdAES &
=

EFA7 S 2FE T ASETE GA AEE ZH o] AFsIon, A Ao o)
4% 92 3 2FE7 E5H AEUEH 2 ¢ 7‘33 MEH -2 Figodel QoFgdz sttt Fig96
e AATE AHAS &FH A Al w2 2FEHIL AAREARE #ES ZHE 99
gk Aot

ASP-LP 01 % A3 (Fig. 95)

01 %2 &&9% sl4E 2FHIZA Aoyt &&1° A7 Z4agle] 277}t
Al & %S FA Rk FHHA Wgke dAFAE 907 ool Aupop #AFHUL &
5 | A=A a8 BE A A 2FEIFS AFEAIFIA ZAh

o 7
1% 2 A7h819e W 27s3e anser ARAAA £ Aol

ASP-LP 0.3 % A3 (Fig.96)
03 %2 AHFE AdFFoNA= &F 12ATHAFH 60 oo 2=FE 7159 FE 7t

A3 HSEHIJIL 60~90F EF AMEEAT. 168417 §&417] siFE APsAE woll=
60F ool AFE7IFo] AFEEE ZAL® Hol ASP-LPE 2 ol Adstsie o F
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~
114
flo
ko

HHoz 2TENEL ABALD + 9

ASP-LP X|£ 2= Al8l
Off =Y QF o 1:3 0.0% 0.1% 0.3% 0.9% 2.7%
shaking incubator | 160 rpm | 20&
=7 . : Sy
A w3 1247} %:iilo' RPN start: 2011-11-08
Sampling|  10ml
W) #1 #7 #3 #4 %5
Lp P control 0.4%(4X) 1.2%(4X) 3.6%(4X) 10.8%(4X)
ol 250ml (125ml g 23] 22 0[)
ASP-LP - ] 3 9 27
2Z20| |sampling| 20| [sampling] 2Z0] [sampling] 2Z0| [sampling] 22 0] [sampling
Ui 9:30 PM | start | control
Day 2 2:.00 AM [9:30 AM | con-1-1 LP-2-1 LP-3-1 LP-4-1 LP-5-1
¥ 9:00 PM | 910 PM | con-1-2 LP-2-2 LP-3-2 LP-4-2 LP-5-2
Dav 3 9:00 AM [9:35 AM | con-1-3 LP-2-3 LP-3-3 LP-4-3 LP-5-3
Y 9:00 PM | 9:50 PM | con-1-4 LP-2-4 LP-3-4 LP-4-4 LP-5-4
Dav4 9:.00 AM [ 915 PM | con-1-5 i LP-2-5 g LP-3-5 i LP-4-5 i LP-5-5
Y 9:00 PM | 9:50 PM | con-1-6 : LP-2-6 LP-3-6 & LP-4-6 i LP-5-6
Davs 9:.00 AM [10:30 AM| con-1-7 LP-2-7 LP-3-7 LP-4-7 LP-5-7
ay 9:00 PM | 9:50 PM | con-1-8 LP-2-8 LP-3-8 LP-4-8 LP-5-8
Dav6 9:.00 AM [10:10 AM| con-1-9 LP-2-9 LP-3-9 LP-4-9 LP-5-9
Y 9:00 PM | 9:30 PM [con-1-10 i LP-2-10 i LP-3-10 i LP-4-10 i LP-5-10
Day7 %:00 AM [10:30 AM|con-1-11 a LP-2-11 : LP-3-11 i LP-4-11 o LP-5-11
Y 9:00 PM [10:00 PM fcon-1-12 LP-2-12 LP-3-12 LP-4-12 LP-5-12
Dav 8 9:00 AM [10:15 AM fcon-1-13 LP-2-13 LP-3-13 LP-4-13 LP-5-13
Y 9:00 PM [11:00 PM fcon-1-14 LP-2-14 LP-3-14 LP-4-14 LP-5-14
. - N _ - o
Fig. 94 g 2dl-vdl gf A (ASP-LP) &= 3 & &FE7F A% 7F 4d 3 A
ASP-LPD.I%‘%@;:%EHE&Q ASP LPDl%""%‘I?:J\I'm%lE
5 5
B 4= = — a4l m B
=) z
=] =
o = -
o 3 L=} 3
5 2
Z H
_'"!;r 2 ﬁo 2
3 B
_
R Co
v} 0
10m | 30m | 60m | 90m |120m 10m | 30m | 60m | 90 m |120m
=—#=0h 4 4 4 4 4 —#=0h 4 4 4 4 4
==-12 h 4 4 4 3 3 —B-12 h 4 4 4 3 3
=—fe=24 h 4 4 4 3 3 —dr=24 h 4 4 4 3 3
=18 h 4 4 4 3 2 =18 h 4 4 4 3 3
=472 h 4 4 4 3 1 —e=72 h 4 4 4 3 2
—&=120h| 4 4 4 3 2 —-120h| 4 4 4 3 2
—4+=168 h 4 4 4 3 2 —+=168 h 4 4 4 3 2

Fig. 95. ASP-LP 01 % A¥79 27715 dejdste} AFEHE
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5|50 =% ASP-LPO| ~JE|F}=0] Lot =}

ASP-LP 55 (1.2 wt%)

ASP-LP

10 min

30 min 60

90 min

120 min

Mor

Mt

Mar Mt

=
=

=
=

Maor Mt

Mar

LP-3-1

!
w

!

LP-3-2

i
—

!

LP-3-3

!

LP-3-4

3

!

LP-3-5

!
[T T R

!

LP-3-6

!
L | [

!

| P=3-7

i
s

i

LP-3-8

LP-3-9

?

LP-3-10

i
(g9 )

i

i
—

LP-3-11

LP-3-12

!
(%)

?

LP-3-13

i

¢
—

LP-3-14

i
ro | ta|raro | ra o (o ra

!
Mo

?

normal

S RENG NS SN VR NUVR VSR RN TR QN [N SN SN PR S

N EYN) NUVE ESVE FYNY FVSY FFVD FUNY NFVY FUNY [FNR NOVE EIVY FTFY RVN]

IS U I U iy [y [y iy pun P [ D N1 DN S
[N [P U I U i i i g TS DR ] 1 S T
H

lo|looo|lao|o|oloo|d|o|o]| o=

lo|ooo|o|o|olo|o|o| o o]o =

Fig. 97. ASP-LP &

H

=

3 2-0] =5l ASP-LPO| ~ASLE[FI=0] Lot =
ASP-LP == (3.6 wt%)

ASP-LP

10 min

30 min

60

90 min

120 min

Mor

=
=

Maor Mt

Mar

Mt

Mor | Mt

Mor Mt

LP-4-1

1
(%]

0 0

LP-4-2

1

[V¥)

0 0

LP-4-3

i

LP-4-4

t

=M

i

(]

LP-4-5

I—
| =

_\
7

LP-4-6

LP-4-7

LP-4-8

LP-4-9

t

t

[SSR RS

LP-4-10

LP-4-11

?
L]

1

(%]

==
==

LP-4-12

LP-4-13

i

LP-4-14

normal

BlRrloRr|lrlnRrirololo|lol=r]=
H
B |

S S s T Y AU U U ) R JES PR NSR PN [V
H

—
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ASP 799 g ~FEJl a3t [1AE 7}

A8 7|7t : 2010.07.01 - 07.08
A Fa  TCHAE R 2 (FxHel e A49)
49 W&
1) MZ : ASP-200 (Lot.10-0610)/ &g (Wl 20%)
2) &% : 50 ton
3) A|AZE A& : 100 kg (0.2 %)
4) Ag W& 47Tl (ASP) Ao w2 HAEF <l
Bt 23
1) oF 72% Hx=e] FHrbe MAHEF &<
2) =43 BdE 5ol dF2 BFE v gl

¥ 11 ASP 79 Hgol w2 Fo] ~TE|FE 749 AAF AMaz

o = ASPA 2| £z FAAF 2 #HALEE
(k) (mHa))
0 (2010.06.14.) 3 a
1 10 31
2 9 36
3 11 78
4 10 30
5 11 o7
6 8 32
7 10 35
8 9 34
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ASP 7] g2FE It 7GR} 2258 7H

A¥ 7]7F : 2010.07.09.-07.17

A Fa o SBFA U 2 (x| A 9))

49 W&
1) MZ : ASP-200 (Lot.10-0610)/ &g (Wl 20%)
2) &% : 50 ton
3) AAE AF&EF ;100 kg (0.2 %)
4) 23 W& S Aol wE HARF #<l

B7r A3
1) °F 80% A=e] HARs 7HHEI} &<
2) =43 BdE Sold dF2 BEE = 8l

T 12. F2FE7 3§ HLo B Fo] 2FEIE FE A AdET
a9 7 ASP-A 2] s H A =7 HALE
= (eH2]) )
0 (2010.07.09) 48 46

1 14 50
2 15 46
3 15 48
4 13 51
5 14 46
6 10 45
7 12 48
8 10 49
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ASP #§ 9] g2FE7} dZH 7} 33371

717k : 2011.05.16.-2011.05.25

e TCHAE (AF= AFAZA)
W&
1) MZ : ASP-200 (Lot.11-0422) /&= (Il 20%)
2) &% : 50 ton
3) A AIE AFETF : 100 kg (0.2 %)
4) 48 WE : du-9d & FE/HAE g
27
1) °F 82% A=e] HARs JHHEI} &<
2) o543 BEE Eolgk JFS #FE v gl
3) #xu AdFF EA(GC-Mass)& Fstd &A%

G27E7} YA Gol HE o]

A~
2 gs-dde) §5% 24 A

alpha-Pinene &%

H| AL

S [ppm] H AL

czRE | B [l
0 0 0 68
1 2.8 53 18
2 2.7 51 12
3 2.7 5.0 10
4 2.7 51 11
5 2.6 4.6 13
6 23 41 9
7 23 42 11
8 23 4.5 10
9 24 48 12
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ASP #§ 9] g2FEF} dAAH 7} [47337H

Ag 717 : 2011.08.26.-2010.09.06
A9 A4 BB AIFE ATEA)
49 W
1) A= : ASP-200 (Lot.11-0810) /&l (Il 20%)
2) &% : 50 ton
3) AAE A& 100 kg (0.2 %)
4) 43 WE : d3-9d &5 s=/HANE g
23}
1) °F 80% A=e] HARs 7HHEI} &<
2) =43 BdE 5ol dF2 BFE v gl
3) Sz FMFF B4 (GCMass)& Bobe] $2A44 3l
E 14 2THA HdA G BE o] 2TEAF PG AN AR
9 dslsldel §2% 24 Az
alpha-Pinene &%
H| AL
o) 7} [ppm] HAL
szHE | FER2 [=F=]
0 0 0 51
1 25 4.3 12
2 25 41 12
3 2.7 5.0 12
4 2.7 51 11
5 25 4.6 13
6 3.2 6.1 10
7 3.0 42 9
8 25 4.5 11
9 2.7 438 10
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ASP-LM#§] 9] g23E 7} @3B 7t [1AE 71

A" 77k : 2012.06.01 - 06.08
AY gL YY F2 U 2
49 &
1) A= : ASP-LM (Lot. 12-0501)
2) % : 50 ton
3) AIAIE AR ;100 kg (0.2 %)
4) 438 W& R I A Aol e HARF A 59 gl
37t Az
1) oF 20~30% W9 T HALE AHET 3l
2) =47 BAE SolF AFL BIE v UL
3) BlEdle] Fy R/FAEE FF 7 €8

E 5 2lwd $f Y 480 48 ol 2FEE 4 Ak AMED

ASP-IM Az &%
¥ Zk

0

47 49

(2012.06.01.)

1 43 44
2 51 54
3 42 41
4 40 47
5 45 59
6 47 62
7 51 67
8 55 71
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ASP-LM#§] 9] g23E 7} @3B 7t 22371

& 717 : 2011.06.08 - 2012.06.15.

4 YB A (AlFE A FXEA])
4

1) A= . ASP-LM (Lot. 12-0501)

2k : 50 ton

A2 ;100 kg (0.2 %)

| YR - A A O HAREF A B3 g

=2
>
2
o W

0~40% o AEe] HAE AAET
Qe &Y RE/FHHE FF 271 B

E 16 229 i Y Aeol hE ol 2TEE U ANF Auas

ASP-IM A&
oAl =E
0 24 27
(2012.06.08)
1 18 31
2 23 34
3 15 16
4 17 23
5 16 22
6 21 36
7 31 48
8 36 52
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- 2TET 4G A R AES Su-T, BEd g6 APAE
248 (34/7)
/ BAS 2 Hg2
- AYUBH L PN Y ¢ 500kg/Y FR FAR/ N 71 Y
- APARE PG 4A 2 AR
- aTEgEe Reo 8 AFEY A371E Y (AW

2AANGE 8 F&H A

d=d: 54

e

i

1) & =FE7F BFA 2AH4E L o9 A=uH
10-2011-0063511 (2011.06.29)/ ()L 2= o] 2~/ 8HF 5=, &5 4, G A &
) 2438 F713EE FAE o83 I 2FEIS EFA 2AHEY Ax
10-2011-0097994(2011.09.28) / ()1} = 2= | 0] 2=
G) 2] #Yst FH
10-2011-0098046(2011.09.28)/ (F) b= 2= 9| 0] 22/ SHoF 5, £33
@) AIERATHIAS ZAHE 2 I A
10-2011-0103924(2011.10.12) / ()1}
6G) FEUNS §EHEcr I3stE

(2012)/ (F =L o)l &/ 3 g (FEF)
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: 84
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e

(1) A simple route to intercalative organo-clay nanocomposites
=89, #79, 3EY, oldE, BFF
th3halsts) EAse T3], 2011d 4928~29 A 5= A 7 Wl Al H
(2) Intercalative nanocomposite for essential oil delivery support
EHYG, 5%, ALY, oldE, oA, FYr

)33} 8k3] A8t 3], 20113 4928~29 A)FZA) AWl A Al E)
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(3) Intercalative nanocomposite between cocamide DEA and swellable clay by solid
process  FHFlo}, olgdT, Sk
o35} 813] A SE 3], 20113 4928~29 A|F=A 20wl A Al E
(4) Preparation of new zinc-pyrithione clay nanocomposite
AT, B
o35} 813] A SE 3], 20113 4928~29 A|F=A 20wl A Al E
(5) a-pinene#}R-limonen, camphene?] 2FE]7}4 2% Miamiensis avidusol] o 3k
AT aT, olxA, T, HEE, FLA, eHI, ©lF5, oA
20118 % FA Fh=roi¥shs] (2011.5.27).
(6) Essential oil containing nanocompoiste for the treatment of fish parasitic disease
859, PAE, AU, 0w, o)A, B
)35} sts) A g=th3], 20113 9€29~30 oA wl A Al g
(7) a-Pinene?] o7 7] %<l Miamiensis avidusol] that A5 g vo} ~FE] 7%
st HARe] wERA
o=, FAA olFdE HAEY 2RF olAlF
22 AT BESET S (FSAK 2011) (2011.11.18)
(8) Essential oil containing nanocompoiste for the treatment of fish parasitic disease
859, PAE, AU, 0w, o)A, B

tf3l3}8ts] FA ste) 3], 20121 4925, KINTEX
S AR sz (SCI) : 2Ad

(1) Intercalative Nanocomposite between Cocamide DEA and Swellable Clay
by Solid State Process, Yang-Su Han, Joo-Young Yoon, Ji-Ho Lee, Nam-Ho Lee,
J.Phys.Chem Solids (2012).

(2) alpha-Pinene containing layer nanocomposite for the treatment of fish parasitic
disease, Yang-Su Han, Joo-Young Yoon, Nam-Ho Lee, Chol-Yeon Jung, Je-Hee
Lee, J.Phys.Chem.Solids (2012)
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A Simple Route to Intercalative Organo-Clay Nanocomposites
Bo-Young Do, Joo-Young Yoon', Chul Yeon Jung’, Nam-Ho Lee? Yang-Su Han'
'Nanomaterials Laboratory, Nanospace Co. Ltd.
’Changjo Biotech Co. Ltd.
*Department of Chemistry, Jeju National University

Intercalative layered nanocomposites of expandable clays (natural montmorillonite and
synthetic hectorite) and alkylammonium molecules are prepared. In particular, a simple solid
state intercalation route could be applied successfully to the preparation of layer
nanocomposite. In the solid state process, alkylammonium molecules have a paraffin-like
arrangement between silicate layers with the expansion of basal spacing as large as 40 A.
Additional weak Van Der Waals interaction plays an important role in the formation of
paraffin-like stacking structure. Upon washing, some interlayered molecules adsorbed
excessively are leached out, resulted in the decrease of basal spacing. The layer stacking
structure of organo-clay composites formed by solid state process are discussed in detall
according to the kind of clay, organic templates, template loading level, etc.
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Intercalative Nanocomposite for Essential Oil Delivery Support

Bo-Young Do', Chul Yeon Jung’, Nam-Ho Lee?, JeHee Lee’, Yang-Su Han'
'Nanomaterials Laboratory, Nanospace Co. Ltd.
’Changjo Biotech Co. Ltd.
*Department of Chemistry, Jeju National University
“School of Marine Biomedical Sciences, Jeju National University

Layered nanocomposite between alkylammonium surfactants and clay minerals have been
applied as delivery support for hydrophobic essential oils such as alpha-pinene, camphene,
etc. Inclusion of essential oils with high volatility and poor water solubility could be
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achieved through the van der Waals interaction between hydrophobic oil molecules and
surfactant chain. In particular, solid state intercalative process has been successfully applied
in the preparation of intercalative nanocomposite including highly non-polar oil molecules.
Hydrophobically modified interlayer clay spaces act as sorption site and stabilize unstable
active ingredients.
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Intercalative Nanocomposite between Cocamide DEA and Swellable Clay
by Solid State Process

Min-A Choi', Ji-Ho Lee', Nam-Ho Lee? Yang-Su Han'
'Nanomaterials Laboratory, Nanospace Co. Ltd.
’Department of Chemistry, Jeju National University

Intercalative compound of cocamide DEA and clay minerals have been prepared by
solution and solid state intercalation processes. In the solid state intercalation process, the
CDEA molecules have paraffin-like double layer arrangement between the silicate layers
with the expansion of the basal spacing as large as 44 A. Weak van der Waals interaction
plays an important role in the formation of organic-inorganic nanocomposite. Upon
washing, however, the interlayered CDEA molecules are completely leached out when the
interlayer cations Na® or Ca®". Even though the basal spacings of the CDEA and
protonated clays complexes also decrease largely after washing, they exhibit distinct
diffraction profiles at 13.5 A, which can be assigned to the monolayer CDEA arrangement
between the silicate layers. It is sure that the solid state intercalation reaction between
protonated clays and CDEA seems to be occurred by an intralayer acid-base complexation
between interlayered proton (H) and basic ethanolamine functional groups.
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Preparation of New Zinc Pyrithione-Clay Nanocomposite
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Young-Joo Kang, Yang-Su Han

Nanomaterials Laboratory, Nanospace Co. Ltd.

Zinc pyrithione is known for its use in treating dandruff and seborrhoeic dermatitis. It is the
active ingredient in several anti-dandruff shampoos and preservatives. However, it has very
low solubility and poor dispersion property in water and organic solvents. In the present
study, a novel zinc pyrithione-clay nanocomposite was prepared by solid state reaction
method to improve the solubility in aqueous and organic solvents. At first, micron-sized zinc
pyrithione was mixed with alkylamines, and then melted to obtain clear liquid, followed by
mixing and grinding with expandable clay, finally resulted in the zinc pyrithione-clay
nanocomposite. The zinc pyrithione-clay nanocomposite shows remarkable swelling and
dispersion property in organic solvents like benzene.
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Essential Oil Containing Nanocomposite for the Treatment of Fish Parasitic Disease

JooYoung Yoon', Jae-Hun Yang', Chul Yeon Jung®, Nam-Ho Lee? JeHee Lee’,
Yang-Su Han'
'Nanomaterials Laboratory, Nanospace Co. Ltd.
’Changjo Biotech Co. Ltd.
*Department of Chemistry, Jeju National University
“School of Marine Biomedical Sciences, Jeju National University

Layered nanocomposites between organically modified montmorillonite and alpha-pinene
(CioH16) were prepared by the solid state intercalation method. Quartenary alkylammonium
molecules were used as organic templates for interlayer adsorption of hydrophobic pinene
molecules. Thus prepared intercalative nanocomposites were successfully applied to the
treatment of fish parasitic disease, Scuticociliatosis in the cultured Oliver Flounder.
Intercalation of the highly volatile alpha-pinene molecules between silicate layers is very
helpful for suppress the volatile loss. The releasing rate of pinene molecules in seawater
condition can be also controlled finely through the intercalative compounds. In addition the
solubility of pinene in aqueous solution is greatly improved by the molecular level
distribution between the silicate layers, resulted in the improvement of insecticidal activity of
alpha-pinene.
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Essential Oil Containing Nanocomposite for the Treatment of Fish Parasitic Disease

JooYoung Yoon', Chul Yeon Jung?, Nam-Ho Lee’, JeHee Lee?,
Yang-Su Han'
'Nanomaterials Laboratory, Nanospace Co. Ltd.
’School of Marine Biomedical Sciences, Jeju National University
*Department of Chemistry, Jeju National University

Layered nanocomposites between organically modified montmorillonite and d-Limonenen
(CioHis) were prepared by novel solid-solid reaction at room temperature.
Cetyltrimethylammonium cation was used as interlayer modifier for adsorption of
hydrophobic limonene molecules. The hydrophobic interactions between alkylammonium and
the aromatic compound are thought to be the driving force for the solid-state intercalation.
Thus  prepared limonene  containing intercalative = nanocomposite  exhibits a
sustained-releasing property, which can be utilized in the treatment of fish parasitic disease,
Scuticocilliatosis in the cultured Oliver Flounder. The intercalative nanocomposite confers the
advantages such as reducing volatile loss, improving solubility, reducing toxicity, controlled
releasing, and facilitating the formulation of liquids into solid granules or powders, and
providing for ease of handling , leading to the improvement of insecticidal activity of
d-limonene.
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(1) Intercalative Nanocomposite between Cocamide DEA and Swellable Clay

by Solid State Process, Yang-Su Han, Joo-Young Yoon, Ji-Ho Lee, Nam-Ho Lee,
J.Phys.Chem Solids (2012).
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(2) alpha-Pinene containing layer nanocomposite for the treatment of fish parasitic
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