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Synthesis of Nano-Clay and The Application for Nanocomposite
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Abstract Layered silicate was synthesized at hydrothermal condition from silica adding to various materials.

Nano-clay was synthesized by intercaltion of various amine compounds into synthetic layered silicate. The prod-
ucts were analysed by XRD, SEM, and FT-IR in order to examine the condition of synthesis and intercalation.
From the results, it was confirmed that kaolinite was synthesized from precipitated silica and gibbsite at 220°C
during 10 days, and hetorite was synthesized from silica sol at 100°C during 48 h. Na-Magadiite was synthesized
from silica gel at 150°C during 72 h, and Na-kenyaite was synthesized from silica gel at 160°C during 84 h. Nano-
clay was prepared using synthetic layered silicate intercalated with various amine compounds. Kenyaite was eas-
ily intercalated by various organic compounds, and has the highest basal-spacing value among other layered sil-
icates. Basal-spacing was changed according to the length of alky! chain of amine comopounds. Polymer can be
easily intercalated by dispersion with large space of interlayer. Finally, epoxy/nano -clay nanocomposite can be

easily prepared.

Keywords : Nano-clay, Intercalation, Layered silicate, Nanocomposite

LM &

WeZeols M2 754 Base) ety
2] BAE Yrdoz ZIZ 4 gle] 2 7}
A FENT Q= axfolet. o]eigt vhrBataeli
$457] 2R ARIsH A2 A4 Fe2 Wl
Ao 2NTFEE /R HESES F2 ol sigst.
Vhegelo] $4b 57 vl AlzAolE
2A4TF2E 7 AERES b2z ule
(exfoliationA|# ITEAA|e|| AR Z) o2 44
3l B4 7K A2AE Qe £l gl ol
g vheEshie W4 mEAel] vls) WEEA, o
4 5l Emael 24 o] BEE WA 2
2 3 glon), ska 9 AAle) F3) o4 S, Te

*Corresponding Author :

122

A, MmtRA 35 A ¢ e e o
HA Ao

e B3 g 2 o] §E vheFdo] dTelr] A
FA02 aFsk 9T gle 2UNPEL 2vlel
E (smectiteyd] FE<] E2HZ1}o] E (montmorillonite)
ot} ERYR B EolA ApbH oz F4)
ZHe] WAl BAE 7KL g, ARdAlA F
5 95 4 JomE AAHe SN B o
77} w35 Qo 28y E5ES RSk gl
AA Al B ol gol W2, 95% oA A}
7] ol8le & 7R Qe wbHel 34ks1RMES]
AL Ier2 AT 5 32 A, 7 V)
TNE ZAE 4 o], EAS] ASHE PP
Z 4 e AL 7R gl 3 SAERE)

[Tel : +82-42-860-7538; E-mail : syjeong@krict.re.kr]



vheEHo)o) 34 9 VB2 58 123

+ o8 TR AR 71e71ZAN A7)
°] EAsk vl ?{}/‘427‘]"] o]FHRA] ¢k3L aspect
ratio H)3% F Z71 ARele] wlaA g3t 71ee)
UelE, IRl E, npylrle| B, Arfe|E Fo] 1}
B3 g0 2 AR 71eAE 7RI gl 7R
uropz,] shet2A)S Si,ALO(OH)EH 7]8=ql

Zx 3] Alelyl AbdA] A\ B} she] obf

M FHA AEZL AgEe] & A=, A
g7} AbHA 72 Y AARYdAP) ol E wEk
o2 g W= glow, dFuF SHAE
Alel7b AldA 72 33 0 52 -OH 9
FAN AeE A2 IRl slen 44k ukd
Hell Q= HHA +2E o|F3 et FEzlo)
Ex g F Asle /M 218 #ER F 39
tetrahedral silica sheetel] §F 2] octahedral sheet”}
A=A FHolgls FEEAN S0 2BA ol
I & FAE 7R 9dem) 2 HAE 2§
P A 2 FHEE 7IX|IL gloh) slrbde] E
o] 242 NaSi, 0,9H,024 3719 Alz)s}
*}“ﬂz%l AEZ} Aol gloem, Ao B stz
23> Na,Si,,0,,10H,024 5712] Al2]z} AbwA)
AEZE AgEe] Qladl, AElg) AlEA 72 23
2] AbA AL okfE wgkor FdsiA wiEs
o glem, Ay} Al|A Fxo] 43 0
-OH 2 = Al /| A=E M2 T3l glon
A7) vk Qle A F2E o] FL QUThY?
T SAIREL =2 PA beEla, dAE
Bt F 71%57] 2 34 A Uk HFe isE
A 9 f71E AEE B3l PA 2gsle] 1EAle}
2] AFRE I = ek AR sihe

ol EAEL S7=l7t A 84 7153 of
A 7k 71%%717F & W Fdel] AgtEe] oA
b2 TREAE vRste] oJokE, EA ol Ha #
& el wigel] o S8t o)

Aoz 7)y=},

B ATl ARpphe TSRS ookt ¢
25 ARl A7) o2 B4 4 eSS 4
AERZNA P TR SARE ) o
< PH7IE 7l oAl RIS 27t ARIAA
FYe] S A P A HE 2 )
24 33HE-S XRD, SEM, FTIR 59 ¥A47|7]&
ol-g3le] EEisteld A 9 PAE Akl &

HJo 2 )
ot L orlo
mlo rﬁ H

-

4E 7] 34 RS Uz A5s &
G5p) P AFAIE AHgale] =BT Al
zah3 Wl 9 Pl 2 HElE TEMOE 3%
Q1.

2.4 ¥
%5
=4 z}‘;@A FA A Adelgle] dERe

prec1p1tated silica (Zeosile-155, Rhodia Silica, 91%),
Ludox-40 (Dupont, 40 wt%), silica gel (Wakogel
Q-63, Wako pure chemical, 325mesh)e] AR&-%gl
om, A7l dFut 82 AIOH)E gibbsite
(Duksan Pharmaceutical, 99%)°] AME=I4lv}. 8]
AL brucite (Mg(OH),, Aldrich, 95%), Na,CO,
(Oriental chemical, 99%), NaOHMDC chemical, 98
%yE AH83lsich. T A ERMES] AA=E 9
8] 0.IN-HCl(Samchun pure chemical), dimethyl-
sulfoxide (Junsei, 99%)E °|-83}ict. =3t #7184
2 octylamine (Lancaster, 98%), dodecylamine
(Junsei, 98%), hexadecylamine (TK Chem, 90%),
octadecylamine (Aldrich, 97%), Ethanol (Jin Chem,
95%), Methanol (Jin Chem, 95%)% AM8-3}9dm,
lauryldimethylbenzylammonium chloride (LDBAC,
Miwon, 50%), stearyldimethylbenzylammonium
chloride (SDBAC, Miwon, 25%), distearyldimethyl-
ammonjumchloride (DDAC, Miwon, 75%)% o]-&-3}
Aot veZee]E o)88t Y EIA] A6l A
£ epoxy resins (YD-128, Kukdo chemical)2} curing
agent(D-230, Kukdo chemical)Z AM-5}3ct.
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2.2.1 7F&= o) E (kaolinite)?] 43

FHEAL APyl YBREE precipitated silica7}
o]-gEglen UdFulE YBRBE AIOH),°] AHeH
A3, SVAl G2 1.002 1A= SIE8A
< 330g% precipitated silica®t 3.94 o] gibbsite
£ E838te] 652 ml®) 02~2 M HCl 83} 3§
A B ¥lZ Si0,: AIOH),: H,0 = I:1:728 ko]
A teflon 3F=-87]el ol 220°CellA 109 HRg-3}
Aok B AHELE A7 F, FHRE AHsz
100°Ce] Z271el|1A 24 h 723kt
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2.2.2 " E&}o] E (hectorite)?] A

AL Alglyt Y82 Ludox HS-400) AR
e nladlg YR 2= Mg(OH)7F ARE-=II
T4 I Al 98] E¥)E Mg(OH),: Si0,=1.00:
1527} H =5 3%tk Mg(OH), 30.7g& F74
1000 mLel] #AFA]Z] F 5000 mL round-bottom
flasko] 2o] 30 min I 2 F 114 g
Ludox HS-402 3 A7k B4t 3] H7sr F,
solid7} 2~5 wi% A=7} HEE FF4 2000 mLE
o A7lsldct o S4E 100°CelA 48 h B}t 7}
A3hHA reflux AR AAE gel o7}, AF 3}
of 120°C A3fellA 2 h Zz3H.

2.2.3 wpr}r}e] E(Na-Magadiite)®} #| o] E(Na-
Kenyaite)2] ¥4

Na3] wp7jclo] E9} Ahvke] Ex= NaOH-Na,CO, 5~
£ Fof silica gets FAMITIAL 2 Z70M §
4 3} Na¥ vlrbefo| Ex= 4 2AIRIE Si0y/
(NaOH+Na,C0,)=5, H,0/(NaOH+Na,CO,)=1002.2
3}Z Stainless steel autoclaves] HF-E-2 ¥ 150
°CollA 72 h Bt EFA sl o, Nay Aol &
= FNE Si0,/(NaOH+Na,CO,)=3, H,0/(NaOH
+Na,C0,)=200°>2 3}3 160°Col 84 h B3t &
A4 slgct. o o F83 % alkaliF 2/3% Na,
COsE ol83lddet. 93 8 F, oJ3sla el
2 gollE NaOH-Na,COZ AP Hsld S5
T2 33] M3l 60°CollM 23] A3
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2.3.1 JREUCIE(KAYE o838 x=ZH o)
4

7HeE o] Eell dimethylsulfoxide(DMSOYE o]&
3t A APS AR KA/DMSO A=A
FE 9 g9 FFEEve]Ed 60 ml¥] DMSO%
55 ml®] SR e 9RSVIel el InbslH]
ot 60°CZ 16 h vFeAA Alxskde. 7ReEvt
o]E9] Z7Hii4]& KA/DMSO 1 goll octylamine
£ 20 ml F3ld F] wkg7Iol A8l 60°Ce
2] 24 h ¥H$-3l9et. Dodecylamine wlghgol] =
of 1| MEYE TE F 20 miE FH3kq /=) ut
S 60°CE 24 h vhEslg o] AbeolA 24
h Zz315]c}.
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dEelo]EE o|83}led octylamine, dodecylamine,
octadecylamine 59 QZolH1-E o] 83led F71AHY
soct. Azd dEefolE 1 g& 80 go FF5ol
ARG, B 4715 o] 43led dAoll 56
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Na¥] Aluo|Eell HCES: o]-43led A E 39
o} o] 5¢] Al M= /5 500 miel]l Ak ES
40 g& FAMA)FIA, 0.10 N-HCl €4S 12 hol] 2
=z A3 Hzlsled pH/l 192 HEE 3 F 12
h B2t FRIsHEA o] o]Ate] pH ®iz} ¢lem o
I3k, TR A3 40°ColM A E39dc). 2
Zke] oFISFES olshE £ Hoy 050 M
FEZ AZ3] A AEE Avke]Eo] Z2b ARlE)
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ZFgo]lE opal £ 25 miol] AF H2]H Arke)E
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Agoll A HARAZL ¥, 50°Ce] eBol|A Fuk Az}
of Az3pd."? =3 747 47 GEEFS 65°C
9] Z5Fell Hol Zbt 0.03 M 50 HEF 519
o Z47be] 4F HEEYE 49 800 goll Nad Ak
°lE 10 g& ¥ 48 h &}t Witz ) o]
7] F 2500 rpmo2 YA Felsiic) Helsle
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S oA BRI QAEEE 48] wHESE F 50
Coll M ZzE Al

24 LI=SExle] M=

A0l FAE vxeZde] 5 wi%E YD-128
(epoxy resin) 10 goll €3I 60°C2] Ultrasonic (Elma)
oA 2 h FF FAAZ] F 60°CollA 4 h E}F K
A8 F, D-230 (curing agent) 3.2 g2 % 7}sled
Ae]Z 375 3Ll ¥ vaccum overell A 40 min
Bt 71Z2Z AAT F 80°CelA 2 h B3F, 125°C
oA 3 h FRF AEAA Alzsldet
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2+2+e] A2 5L X-ay powder diffractometer
(Rigaku, D/MAX-IIIB)S- o] &3}ed HA3}g]om
CuKa, 40kV, 25mA, Ni-filter 2719 #9& A4
shodct. HAE 2 3HEL) ARE 20 = 1.5-60°
o] M 0.02° ZHH 2R Fojzlon] FAGEE
4°/minel Ao}, T3 veFHole A7) 9E Helel
A 0.01° 7Lz doizom FAKREY 2°/mine]
41}, Scanning electron microscopes (Philips, XL
30S FEG, XL V.5.50)5 AH&3te] A4S &l3ki
o} o2 AR Edole} vieEEole] AfTE
2 2=AR17) $18ked FTIR (Jasco, FT/IR-610) £4
& skt R ol EA faeTHo] YBebiel
29 heeele] wel4RE gelal] sl
Transmission electron micrographs (EM 912 Omega,
Carl Zeiss, B, Ac Val=120kV)S ARgsle] gelst
et
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3.1 & SHEtEel g4

34 e ke fEE g ] o
A& ARl Z7be] w2 =) Azl
dPAE 3sisict

I3 1@y Y32M precipitated silica?} gibbsite
2 2.0 M HCl $45 ARg3le] 7hgelvte] EE 4
o g4 2745 e sl 2.0 M HCL 44
2 kaolinite®] HhS- 2ol pH ZAA|Z A1

(c) Na-Kenyaite
A

{c) Na-Magadiite

(b) Hectorite
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Fig. 1. XRD of synthetic layered silicates; (a) Kaolinite (b)
Hectorite (¢) Na-Magadiite (d) Na-Kenyaite.

.5 S A ke E 220°CollA] BREA]7ke]
10d9] ukg- ZH0AM &3 AA o] AAEE E)
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AR o] YAEE FAF F R | Ex
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5E] dEgfo|EY Ao 2 AP EE F5 &
4 o5k 23 1(c), (= NaOH-Na,CO, 84 Z
o Azl BAA 150°CoA 72 h B4t 4
sk G2 Nad wplcho] E9} 160°Col|lA 84 h
ot 4 A8k d Nadl Avko]|EL] XRD I
35 RHeF}, o589 d-spacingite] 27t 157 A
3 200 A veplie] T390 Zah X3S B
o Fot. o] AAEZHE AFIE UBRE Tl
Hekgt 24 B3NS 9 244 o8 |44 4
& 5 it

A Fheeto] EQ] SEM AR Edled 7B
Avem 7|BHog gAY Fxub A UEEHNS
S I3 200M B 32 9)ew, HAA =
oF 90-160 AR =R ZA3A 7, BANESA A o
gt a8l Y= et gk =)} gekE
sict. #A " AEzlo]EX SEM imaged ol-E5l]
seb wie] Wi g2 sl Yake Eelslvhad
2(b)). AEe}o|EL] 79 wlwA 2k gizEe] A
2 FA s e HAFH, o] 52 T EE
HAFL QS T 4 2ok I¥ 2(c), (dye
AN GEo] An|FE hik B A Qe
S veilis Nad rlzlelel B9} Alfo| B A
49 AA FAteltt. AR F71E= SEM AR
7122 & o 2-3pm AER ALRE 4RSAIZh]
AojAHA ulel=7] 4¢ AA A ¥4 e
7} Belgl moko g AASAZ 4 i} Ave|E
o] 7AS 7|Ee] AuFE 2ok AAM o s}
of @ide] Helse] e XY Holx I A
F718 2e]e] BAel| UapH o Hitwm mat
713} A7t B} {3 folsHA| o] FolA Aoz
oA Ao}
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Fig. 2. SEM of synthetic layered silicate; (a) Kaolinite (b) Hectorite (c) Na-Magadiite (d) Na-Kenyaite.
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WA Q1H o2 Qlsle] F7]ES 2706 A ARIA
717] "% FE7] Wl Exlge] 2t AL
I % DMSOE AME3le] oA 271 Aldlsled A
A ABE BHE Fo ol 271 ARIAA
7134 7HERIe|EE Alzsidel. ol#ist Axje)
SIHRIA RS 22F 2] 113 AR 9 4 AA
X FUVes 7S HedfEd)h AlE" KA/DMSOe
dolmlg Z7F ARl Aol Ffel w}
£ XRD FHES 7% 3 veRSIT}. octylamine®)
739 d-spacing Zte] 27.1 AN EE Z7)slgd). o
¥ KA/DMSO #39] 757} 73 AL 7R
o] Ee} DMSO®| Ag}e] 7le] octylaminez}e] £z}
2l QS 712 = AR ALRET. Dodecyl-
amineg AM-SF A9 d-spacing Zko] 382 AL®
ZA 715132 Dodecylaminee] 27+ 4H A&
9] basal spacing Zto] octylamined 27+ A2
AlBo] FET & o)f ¢ Aol Heo] wEo
2 F3d9o

e dE|ES o]8slod Axd e F
°o]2] XRD 9|3+ I3 4ol|A Jehiigic 1A 56
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{c) KADMSO Dodecytamine

38,24
\

{b) KA/DMSO/Octylamine

2714
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(a) KADMSO
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e

—
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Fig. 3. XRD of synthetic nano-clay(kaolinte) treated with
amine in methanol; (a) KA/DMSO (b) KA/DAMO/Octy-
lamine (c) KA/DAMO/Dodecylamine.

mmol®} octylamineS- 34+ X8}t octylammonium
= e 27 RS AR 27 7HEe) F
7 79l doluiA] eiotet. whEel 5.6 mmol 2]
dodecylamineg FAkS2 2]E]dle] dodecylammonium
+ el 20 AN AEE 3 As 23 714
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{c) HE/Octadecylamine

{b) HE/Dodecylamine
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1434
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Fig. 4. XRD of synthetic nano-clay(hectorite) treated with
amine in water; (a) Hectorite (b) HE/Octylamine (c¢) HE/
Dodecylamine (d) HE/Octadecylamine.

277 AL E Z7Vslgde). AT eR St 7bAe] o
23 ART 2715t 2122 ¥o} dodecylamine 4 7]
7b & QA 71 Alclo] FlEE =ejgal AR gl
= Aoz AZEn} E3) octadecylamined FARS
2 Aelsled 32 AN MRS AY 37 2] 387
ALE Z7kslge). & ¢kl 3l octadecylamine®]
g oS8 B & glollA 71 A|glo] AZE
A Q= AR AAEY, S4F AL o dR
Y A Hele} F-E Age] glow, dutH oz
A=A Qle] APE 2t 7HHe] YWoldg & 4 9l
At

38.1A
54.1A

(d) KE/Octadecylamine

38.5A

(c) KE/Hexadecylamine

(b) KE/Dodecylamine

Relative Intensity

18.6A

M
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Fig. 5. XRD of synthetic nano-clay(kenyaite) treated with
amines in ethanol; (a) KE/Octhylamine (b) KE/Dodecy-
lamine (c) KE/Hexadecylamine (d) KE/Octadecylamine.

{a) KE/Octylamine

a3 5= 3R A ES o] 43le] JAT F
oM opmle] A& Hol], F whA 420] Wsle]] M
d-spacing W3S vehd Foloh 05 MelA
octylamine, dodecylamine, hexadecylamine, octadecyl-
amine®] d-spacing@k< 27t 18.6, 54.1, 38.5, 39.1
Aoz Jepgel. Fu|2g AP olle) Ake Zol
7} Aot 34 E3t A= o 24 8EA gded
+ AMdolvt. Dodecylamine®v} v 71 &7|E 7}
A2 9JE= hexadecylamineZ} octadecylamine®] 73-%-
7 el @2 olFe] FA, 2383 dodecyl-
amine Bt} 2R kg veERS o 4 gie ol
27t A=l EAe] ©x] 47| A7t FrVEE
ARE= AL ol dodecylZ|5ke] 71A)= S48t
E 5 glem ol & el obnle] Fxl uidkel
27+ Al Bkl ZAAQ 7l E 3 e
ofFt. BA} wigke] 7k AMUE ofl A} ol o
EFE A71E o, 27} dodecylamine® v
7) hexadecylamine®} octadecylamine- A7l =
al3led lipid bilayer ¥kl F83st hF S7F AR
o] o]FoA|R] ¢lorom] F3t ofnl B} wigko]
7k AR gl AAA oS uAe e AAd
ok 718 AR Akl Ee 37t A AR
A dodecylamineo] FHH UL BoiFel. 53] A4
ofglell o8t & 27t A7l FAL o FA F2F Ab
ol o] A3} oA Aol E FEo] ullE &
o|Al & at opel, F el A Hef e o
qlo] of|FA]e} At Al A3 AES 3l HIE

y
55.8A

2 (a) KE/DDAC
g -
42.3A
]
£ /k_A (a) KE/BTAC
v
g 418A
Z
K/ {a) KE/SDBAC
@
14
v 355A
(a) KE/LDBAC
5 10 15 20

29

Fig. 6. XRD of synthetic nano-clay(kenyaite) ion-exchange
with alkylammonium salt in water;(a) KE/LDBAC (b)
KE/SDBAC (c¢) KE/BTAC (d) KE/DDAC.
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N7l ALz HaEd.

a3 62 PR Ake| B9 2 ol AgkEe] 3l
 Na'ol23} I7|7F 27] o8 43 42F ol
20] o]2wgle) s ZzF AMlE heZH el
98k XRD ¥ =& yehd ZHeoldh 0.03 M Fx9
LDBAC £H|A A2)g vjeEao]9] d-spacing 3t
< 719} 355 Ae® FAEYLS HAFET =3
0.03 M FXxolM stai7t 67 ©] $718 SDBAC
9] d-spacing FF> 47.8 ARA =7t A=zt A9
27.8 A7FA ##E]91T, 0.03 M S%EelA] BTACY
d-spacing 72 423 AZA 27+ A”) A2 23
A7HA] S EE HodFEot =8 T stearyl(C,y)-
71% 7Wi DDACY 7% d-spacing?te] 35.8 AR
A, 27 A=7E A2 358 A7) SRS "lgt
T 8l o] A 4F dEFHY A= Solsh
dodecyl(C,,)-71& 75l LDBAC Y&} stearyl(C,y)-”]
£ 717 SDBACS %7+ 7+ #te] o] $o|FS
PAFT Q). o) A} =3 Fo5k Yoz Wzt
2=

A9 AgEzXe dE 2AREER 1) 3
FEE o83l Axd eFH el 7 714
W3E Table 10 VERASIT

A SIEREES f718e] 32 AE Ve
F#0)2] FT-IR spectrums 4000-400 cm™' ¥
A FAsle] SASRES 78] 22 AE Y
>ZHo] 52l -OH band®] W3le} A2 === N-
H, C-H, CH; band® W3}8 333l 43RS
FoFe] Asabg-S FAs9l o od Hgt FTIR
spectra® 28 79 WEpdS. 29 (apiA veRd
o] 7-&E}e]EL] -OH band”} 3600 cm™ H-Zol)
A HEs|gl e, 712 Bugl 33 A3kl &
QA9 w3l e AlFeol A= Si-07}F 1100
~1000 cm™, Al-OH: 920~940 cm™ F-ZolA &

Transmittance

4000 3000 2000 1000
Wavenumber (cm-1)

Fig. 7. FT-IR of synthetic nano-clay; (a) Kaolinite (b) KA/
DMSO/Dodecylamine (c¢) Hectorite (d) HE/Octadecy-
lamine (e) Na-Kenyaite (f) KE/Dodecylamine (g) KE/
DDAC.

JI=E%ict. DMSO AA2lsl ARl dodecylamineS
Z27F AR Y09 C-H band= methyl
groupell &3] VERA =wi 30002800 cm™H 4]
C-H ¥ =7} AAE 73S 13 7(dpiA 2l
& 4 gJem 1500~1200 cm H M= C-H band
7} Ve A e, w3t kSl E ARl ]
3 3504, 3539 cm’ ¥ =] =7 AR 3675
em™ I3 5} ARHLE zlelx|A] Hed o]
AxE S+ A AlBel FdHe gle -on7I7E A
o] AL s B2 o 4 Ak ¥4
" FEeto|lES] A4 AY Y(cplA eldRel
-OH band”’} 3680 cm™, Si-O band”} 1010 cm™
HIoA F3lo] vl e, octadecylamine 37t
ARIAIZD eFee]e] 79 2925, 2854, 1469 cm™!
olA C-H band EAT 35 Hol 7 2= Hol gt
2RO ool 522 o] 23t FHo| FAtol| A

Table 1. Basal-spacing of Synthetic Clays and Synthetic Nano-Clays

Basal-spacing of Basal-spacing of

Sample Alkylamine Solvent synthetic clay synthetic nano-clay
Kaolinite Dodecylamine MeOH 7.1 A 382 A
Hectorite Octadecylamine H,0 45 A 38.7 A
Dodecylamine EtOH 200 A 541 A
Kenyiate i i
y Distearyldimethyl H,0 20.0 °A 558 A

ammoniumchloride
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Fig. 8. TEM of epoxy/nano-clay nanocomposite; (a) Epoxy/
KE/Dodecylamine (b) Epoxy/KE/DDAC.
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