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AT S 2 RANE Yo E EREZUO|E(MMT) composite A5 21810 %ol (Na")udk ]
2]¥ K-10 (Na-MMT-K)ll tgt 3-aminopropyltriethoxysilane (APS) 718 2] 5435 st 2718 %715 XRD &
218 Zato] AAslth APS HAE Na-MMTK (S-Na-MMT-K)ell i3+ XRD #4124 324, Na-MMT-K= K-102}
AR = Ca-MMTOA 71AE Na-MMT2] 3|3 5455 sAlol 7= Ao ER1= I} 8 S-Na-MMT-K
= Al F He] AT (dy) BEES 7] BEEIA, 1 FellA F(001) 3 (26=3.9~4.29)2} F(001)¥] =L
(260=8.838° T-21)2] WA H](%)E APSTHA T thdt 7|5 (criterion) O 2 AAISFATE. Na-MMT-KS] APS7HA ] Tk vt
&4 APS LAY, ANESAIRE, A APSERE W AN 5 Z12) 20 min, 2~3A1%F, 7.5 wiv% 2 50 °C

7F =EE A

Abstract — In preparation of self-repairing polymer-modified waterproofing asphalt-montmorillonite (MMT) compos-
ite, silylation-modification characteristics of cation (Na") exchanged K-10 (Na-MMT-K) using 3-aminopropyltriethox-
ysilane (APS) were studied and the optimal conditions of its silylation-modification process were proposed by use of the
results of XRD analysis on silylation-modified Na-MMT-K (S-Na-MMT-K) under various conditions. According to
XRD results, it was confirmed that peaks of Na-MMT-K were simultaneously consistent with those of K-10 and natural
or Ca-MMT modified Na-MMT. Similarly, S-Na-MMT-K was observed to have two basal spacings (d,), among which
the area-ratio of a secondary (001) peak (26=3.9~4.2°) to a primary (001) peak (26~8.838°) was suggested to be a cri-
terion to represent a degree of APS silylation-modification. Then, the optimal conditions on APS-stirring period prior to
APS-MMT reaction, APS-MMT reaction period, APS concentration and reaction temperature at the highest area-ratio
were turned out to be 20 min, 2~3 hr, 7.5 w/v% and 50 °C, respectively.
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ERHZ U EMMDY T2 A IF APE Al A Egsilica
tetrahedral sheet) + 7] 2}, Ak R}l 2J5e] A2t A|ER HAAH
Zoke] &Fuu) A Al E (alumina octahedron sheet)@ T4 &
t}. 0] ¢} =& MMT 5-9] 7= 1 nmo]aL A2 XA ZefA 1k
o 29k (van der Waals) 3ol o8l =31 A= o] JlojA &
olu thE FAEAE0] IFE 5 vh MMTE] ARAA 9} 2 A
A B0 dojih= A B X]8k(isomorphic substitution)ol] 2] 3k
o A E = FHEHE BAtst7] flstod, wEd Yol (e.g., Nat,
Cat++, Lit)5°] B E vu|22] S-7(interlayer space)ol 4 %7174
o7 nAE ] QtH1-4].

AT} NEE MMTE] 5ol BaAd, ol nds 9 5574 &
=X 530l MMTS} A ebe] a8 9 2ol upe} oheFsh
W3S Bt Aol By 1 FolA %
aminopropyltriethoxysilane (APS)2] A3} HE-g-<] tjjgh w2
7} 218 ¥ o] 2kT}H[5-13]. Bertuoli S[5]-& H Ca-MMTO]| tf 3k
APS/NA S =33t 3, 1 A3 /| A E Ca-MMTS] A Az (d-
spacing)®] S718Fo] Aol MMTY F31 A8kl aS XRDE
A& 5ot Fetlth 258 & v eSS APSY
S| 2 ko] A E HEL Skl APS 1A+ ©]%F(double
layer)o] EAIHS AL, 712 E MMTe digh Agke] St
% (intercalation)®ll= APSS] Ewljell 2] EA)7} L2 olekar A
A BFA Y Piscitelli 5[6]2 APS2} 27 A 9] (alkyl chain) Z o] 7}
21 = F579) opu] el tiste] 22t FEMES SlE ot
o] Na-MMTE 708 315=1, A s/l &= (degree of silylation)i=
ohu] = A7 1714 F-(organic moiety)?] Hol7} 55 Skt
SFH Shanmugharaj ‘5 [7]2> Na-MMT®l| thgk APS7| A S o] 74
Sl & AFgsto] 22t fiste] 2 Guloll WhE A=eihgaF Y
AATHA & A3, Agkskg-o] MMTS] A% 7HdAte]
(broken edge) Toi= A7 5:71oll WA= A2 7F §ujj2] e
Aol deiQirtar AlRkslodtt. Yig} Kim[8]& =it Ca-MMTOlA
Na-MMT=Z A3A7] Tof] 717 3(60 °C), 150, 350 2 550 °Col]
A AZE 3§ Fof] XRDEA & F38to] 778k AW (dyg ) 24t
12.7,9.91, 9.75 W 9.73 A BM AZL T} Z7FeE AdzHs
(dgop)= AA3F T B3I th Reshimi®t Sugunan [9]
MMTZA] K-10 MMT-K)E E5<¢& Sl = sto] APS=E 7l &3}
I FFELHE| E A E 3to] 2A a4F 1=,
XRD #2014 20¢); 2 A 7E2 (d-spacing)yS ZH2F 8.88° 4 9.95 AS.
=4 A 3t sk ekokar, webA MMT-KS] 7§ 9]
oAt S8 = QIrkar BaskSith. Husin 5101 S5-<S $j2
sto] TheFet w22 F5 Mo B VIEEAIE MMT-Kell 12743151
I, FEETA7E 1 E MMT-KS] 203F 2 A7 7H2 (d-spacing)
& 27} oF .90 4l oF 10 AC R /A M3 Ak o] st A=
Frias 5[11]°] 213 Mo (molybdenum) #3417} 117 ¥ MMT-
K2 A7t (d-spacing)Q! 9.9 A¥}F A 2] AA|3FI Tk B3kt
Suetal[12[2 A Ca-MMTE: elleh2F8<4 guljoll A APS7/HH-&
&k 7§ E Ca-MMT (dy,=20.9 A) X! o Ca-MMTe] 2+
Z} A EgwE 4 U2 (cetyl-trimethylammonium)s S7HQIA]
Atk 71 A2 APS/HEE Ca-MMT % $-oll = Awzkdoe] 1
A== #8 (locking effect)s HoJ o A Ca-MMT
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ZAg-ole AzbEo] 37.4 A7MA AF AL Bkt 3H APS
of oJsto] A&s} A MMTS} AFA|FA 2 Al Ve ie)
ANE[13PF RaE ek 71 8o MMTZF 48 HiEUo| E-E
o} Ee) Rk Ve B3 E BRuEgioh14]. IOl E ETeka
MMTE] AgkslAel glojx] 7z 34279 HA3 20 75
F3t /1A A S o] F7] st ATt AY = Aol sk
oko] £ (Na") 34 2l & MMT-K (Na-MMT-K)Z =A] &-njj ol A
APS 7J2 3 Na-MMT-K (S-Na-MMT-K) 5]l thdt A4t A
7R AL] HalER] okgkrt.
2 AFoM = AR ES FPEALRE IS ot AT E
wko] = W (crack) A W FEHF $-8] AZEX A (self-repair)
3&t7] 18k, [ MMTE 274 A} o g Ee
A7) Qlo1A MMTE] 2438 7IAAI717] flste] MMTE
MAAZ HAA = AN AAZ = APSE A7 3T
|24 APS A7 28] WS (self-assembled monolayer)2]
5 (wetting) 573 21 %17 % 7} (advancing contact angle)©]
3°[15]12A] R W91(30° olshE F¥}ate] ] 1wt
Mok~ ZE o] #AA 7= oA MMTE] #4Hd-& 7iAdetaL,
SHA TR MMTZF 2572 #191(90° o) el mldsto] ol B ES
AR NS ok R E Tuke] F ¥ (crack) Y W
A5 2] Fm) 5l o] gk A7HA]R3 (self-repairys ©F] 7HA]
uj o]t} & Qe A= MMT-KE %Fo]&(Na")w 84 2] &
Na-MMT-KE olleh&--8-2ol] &3¢ APSel| &Jsto] A=tsiia
A= NEZA e oA, g3l APS] F1=, Na-MMT-KS] 2
@3} 9E-E-AlIZE, Na-MMT-K 8] 2 5h8} vh-g-2 5% 4 Na-MMT-K 9]
A&s} w3 ol gallEl APSe] WHHARE 50 T8 /AT
ol Tt 245k FRsIATE. 2 =E(part DelA= o274 71
Szl APS-Hetsl A H S 35t APS/)A ¥ S-Ne-
MMTKe] tf$+ SEM (scanning electron microscopy)? XRD (X-ray
diffusion) 41 F-3to] 2 A3 2 0lA 9] Eelsteta] /A
E73& At ek ARk} Y E LERNE 7] (criterion)y s
XRD (X-ray diffusion) %45 F3to] #|Al8kaL, APS A sl
o QAM MAFTHAHFTES] AAZ o)1 752 AAMNAZAE
EEIth 55 AN 555 = (part 2)[16]°14] FT-
IR (Fourier transform infrared spectroscopy) 4], NMR (nuclear
magnetic resonance) 2] 2! TGA (thermogravimetric analysis) -] 7171
AL Skl f854d AF0] TR 4 B oE 5 =7
(part 3)°lA = A= ARMNAZAE efsto] 7€ S-Na-
MMT-KE A5 1A ot E FRY R Lol E B3}
Al (composite)E AZ3F A FA| 1798 28k o8] 848 575
star #4313t

2
T

A oo A

19 B

N

NoHo R

2. A

o

2-1. Al2F R T2

2 Ao A= MMTK (Sigma-Aldrich, K-10: surface area
220-270 m%¥/g)2} Na,CO, 5 AFg-3f 0] 218319 Na-MMT-KE
Azt A@AEZHAR] APSE Sigma-Aldricholl A 3520}k
2 @et WA= ARSI APS ST EA = 80% ollehe-S AL
3F3ltt.
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2-2. Na-MMT HIZ=

MMT-K 2} Na,CO;E 80 °Ce| 57 100 ml & 2}2F 9.4 g 3!
0.6 g F313tarL 71 w7104 300 pm .= 4 h F<F wHk

wHro] kg Fof| 5000 rppme] FA O E 15 min FoF YAEE] 510
Na-MMT-K & A3t Aalwe] $ol fofxl Helo
E Na,CO, = Al ] 913l SF-r= 38 AlHskaL 7tz zr|=
105 °ColA 24 h 53 AZAIFAA] “gA1E Na-MMTKE: #3157 tt.

2-3. Na-MMT (K-10)0f| Ci$H APS A2EPiz

APS 1,2 % 3 g& 80% ol ka8 40 mlell ZH7} F-4f 3o
2.5,5.0 9 7.5 wv%S] 52 mukste] 3 A1ZAT 20, 60 FEE
100 min “E<F WRE o) Z}Z}2] F 0] APS WHEN o Ml ELfo]E 2]
FAE9 Na-MMT-KZ 2 g (5.0 wv%)s FU3skdeh £ 3o
50 T 80 °COlA 1, 2 B 5 h Bt A3} wkg-S AJA T o] 9
7+o] Na-MMT-Kel| th 3t 7§12 34 M52 4 APS9} Na-MMT-K )
NARESAIZE, APSE] F91 55, HARES 2] APS g3l A7 Ul
AN FHEste] 7t 7H 44 E% 2831tk Na-MMT-K

o that /ARG AIZHE | APS 55 9 APS A1 A A

AL 717} Table 1-32] 2O f‘%é}%i TS S5 (50 B

80 °C)°ll & NAH =E vl wshr] 18l 7HANES-AIZHS h), APS
F(5.0 9 7.5 wae)ek ANANES A a1 A17H60 min)e] 71 g
ARESAIZH( h), APS (5.0 wiv%)ZF HANES- 7 Azt
(100 min)®] 2712 2 7J- 4138 80 °ColA] Table 48} o] 53)
ST}, Table 1-40A41 2] A& H 3 (experiment identification)<
APS 9} Na-MMT-K ] NG 52(C), APSE A 3h= “A”,
APS 915 = (w/v%), APS9}F Na-MMT-K 2] 7] 2 4H-8-A] 7k(h), 7}
ARkSA APS WHPAZHmin)e 22 A P HES T AR5
Aaie B EalE gl Wl o nikeE APSE A A 98
ek 33] Askar 71971271l 105 °CollA] 24 h-s<7F T1Z=AIFIT

2+4. 22| ¥ A EYEM

MMT-K ¥ Na-MMT-K¢] thst ofo] 2w 3Hs(CEC)E | N &5
U &Y o= 5435k 435 v skeIch B3 MMT-K % Na-
MMT-Ko]| o st Z+2}o] 7 =5 91 =724 7](Beckman Coulter,
LS 13 320)= A skar, 247 Fo8d-a-& S35t s v
3F3tE Na-MMT-K®} S-Na-MMT-KE Z}Z} SEM (Scanning Elctron
Microscopy, Hitachi, Su8220) ++41-& F3lo] Fe|shd #4& 4
getiet. o2 A Z3(Table 1-4) 3kellAl X-Ray Diffractometer

Table 1. Experimental condition of APS-MMT reaction period for Na-MMT-K modification process

Experiment identification APS-stirring period prior to

APS concentration

APS-MMT reaction period at ~ Na-MMT-K concentration

APS-MMT reaction (min) (W/v%) 50 °C (h) (W/v%)
50-A-5.0-1-60 1.0
50-A-5.0-2-60 60 2.0 5.0
50-A-5.0-5-60 5.0

*Each experimental identification is composed of reaction temperature (°C), symbol of APS, APS concentration (w/v%), reaction period (h), stirring period

(min) in order

Table 2. Experimental condition of APS concentration for Na-MMT-K modification process

Experiment identification APS-stirring period prior to

APS concentration
(W/v%) 50 °C (h) (W/v%)

APS-MMT reaction period at  Na-MMT-K concentration

APS-MMT reaction (min)
50-A-2.5-5-60
50-A-5.0-5-60 60
50-A-7.5-5-60

5.0 5.0

*Each experimental identification is composed of reaction temperature (°C), symbol of APS, APS concentration (w/v%), reaction period (h), stirring period

(min) in order

Table 3. Experimental condition of APS stirring period for Na-MMT-K modification process

APS-stirring period prior to

Experiment identification APS-MMT reaction (min)

APS concentration
(W/v%) 50°C (h) (W/v%)

APS-MMT reaction period at ~ Na-MMT-K concentration

50-A-5.0-1-20 20
50-A-5.0-1-60 60
50-A-5.0-1-100 100

1.0 5.0

*Each experimental identification is composed of reaction temperature (°C), symbol of APS, APS concentration (w/v%), reaction period (h), stirring period

(min) in order

Table 4. Experimental condition of APS-MMT reaction temperature for Na-MMT-K modification process

Experiment identification APS-stirring period prior to

APS concentration

APS-MMT reaction period at ~ Na-MMT-K concentration

APS-MMT reaction (min)
50'/80-A-5.0-5-60 60
50%80-A-7.5-5-60 60
50/80-A-5.0-1-100 100

(WV%) 50 °C (h) (WIV%)
5.0
5.0 5.0
1.0

*Each experimental identification is composed of reaction temperature (°C), symbol of APS, APS concentration (w/v%), reaction period (h), stirring period

(min) in order
*Superscript 1, 2 and 3 indicate Table 1, 2 and 3, respectively
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(XRD) 4 (Rigaku/D Max-2500)= 40 KV % 200 mA 2] Z=71 ¢
A Cu-KoA (3F 1.54059A)0 7 $2838] ).

0
k1

3. 24t A oE

3-1. YO|2URHS(CEC), FEIHHE, Brl= I SEM 24

MMT-K % Na-MMT-K 2] 0|2 g5 (CEC)> 77} 84 4l
103.4 meq/100 go]glth. 398 MMT-K 2 Na-MMT-K®] 33 33
H2 717F 104.5 B 472.2%°] 1. MMT-K % Na-MMT-K 2] 3
TUEE 2172} 26.44 pm 2 18.64 umo©] 3T, &3 Na-MMT-K 3}
ol8] A %7(50-A-5.0-5-60, 50-A-7.5-5-60 L 50-A-5.0-1-100)
of| A A3}l S-Na-MMT-KE2] SEM ©|n|A]:= Fig. la-d2} 20|
uto] A& A719] $-93 FE7F vEFR AL, Na-MMT-KR.th S-Na-
MMT-K7} B $-3 FelE B33 /e MMT del =91
APSE Qlslo] ] k- Ao 7 H STt}

3-2. XRD AHEZ 2A

MMTE] E2|% 54 FollA thid 5442 virgin-MMTe} 7|12 ¥
MMTE] A7+ (basal spacing, dyy,)@ 27857+ 7H (Interlayer
spacing height)®] xto]olth. AREA O 72 {717]54 A A=
(organo-functional alkoxysilane)°l| 2]5}o] 7§ 2 ¥ MMT+ virgin-
MMTE.U Az 0] =7 vzt F2 Fro|y 7Hg=te]
(edge)ell TR EE 71715673 YA A TR MMT A% 511l
st A4 (intercalation) 717164 &A1 kel 7]Q13HHS,17].
H Ca-MMTE o] 2 ke ©Jake] Na-MMTE A $HA)7] 1L

y "w

A7.5-5-60 5.0kV x1b.0k

.o
T

60 °C2] 71713 B 12 AZAIF =), AHE ] 72 127 A
(F713%),9.91 A (150°C 143),9.75 A (350°C 1Ax) 2 9.73 A
(550 °C AX)EAN UZ LV} &5 T2sqlvka Halsg)
chs].

XRD 2~ EF 48 58k 7} A3 27 (Table 1-4)0l] w}&
Na-MMT-K$} 7§14¥ S-Na-MMT-K?] 5|2 EAWsE 747} ¢
233tk B2 XRD A EH-E Fig, 29} Zth Na-MMTK €]
= ¥ =1.2] 2035 Fig. 200141 9} o] 8.838°7} ¥} Bragg’s lawell
olato] AUNAL 10.0 ACE AFEE QL) o] 8t AvztA L] &
FE MMT-KE Al Z317] 213t MMTS] 24l o] sl 8 fch
[18]. Z2&]v} MMT-Ke]l thgh Fo]&Na") gk 2ol &Jsto] 73
H Na-MMT-KS] - 3] 7.2] 20742 6.96°%A] Bragg’s lawol] 2] 5}
AAL 127 A& AFEFHSIT o] F- 930 54 e V1S
ZHA -2 Na-MMTE] B3 20 W A H7EA 9] Z42be) ghel 7309}
12.1 A [5,17)3% F-AF8FR 3L, Zhang S[19]0] B.113F Ca-Hl EL}o]
EZS NaslA3E A3} 205k0] 56900014 Z713) 3kie., 7.09°)3 A2
B PH=

3 71EA 2] MMT-K XRD 212 3}o]| 4 20%k0] 8.9°04
IR Y AE BN B2 A EE B3 o AUEE ()0
9.9-10.0 ACE FX= 93, MMT-Ke] th3t EFl frfjollx 34
E5A7F A T3kl g 8) Fell = 5= 37} v]sedh oS Kol
I MMTKO] 2427t Atk B rH10,11]. =3k
Reshimi and Sugunan [9]2 MMT-KS EF<lo] -&a14]7] APSZ
MAAZ 2, WAAIZT 71 (APS7HE MMT-K)E glutaraldehyde 2}
HES-A17) Bof] 2] 9 A (lipase)S IHAI AT 152 MMTK, APS

A5.0-60 5.0kV x10.0k

Fig. 1. SEM image of Na-MMT-K(a) and S-Na-MMT-K(50-A-5.0-5-60(b); 50-A7.5-5-60(c); 50-A-5.0-1-100(d)).
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Reacting time

— ——  50-A-5.0-1-60 (a)
50-A-5.0-2-60
——— 50-A-5.0-5-60
—— Na-MMT
>
s
c
°
15
A
oo
2 3 4 5 6 7 8 9 10
2 Theta (deg)
Shear time
— — —  50-A5.0-120 (c)
50-A-5.0-1-60
———  50-A-5.0-1-100
—— Na-MMT |
|
1
2 |
E !
c i
|l|
I
|
|
|
')
f\q.;;{w‘ gl
NN YL tan oy |
) rmbm}{%m%v‘\{lmmfc‘%mm A |
R
T T T T T T T
2 3 4 5 6 7 8 9 10
2 Theta (deg)

Concentration

50-A-5.0-5-60

I
50-A-2.5-5-60 [ ®
——— 50-A-7.5:5-60 I

— Na-MMT

Intensity

2 Theta (deg)

Temperature

50-A-5.0-5-60
50-A-7.5-5-60
- 50-A-5.0-1-100
80-A-5.0-5-60
80-A-7.5-5-60
80-A-5.0-1-100 !
— Na-MMT I

Intensity

\

AR i YN
NS G A

W
eIV
Tt e

2 Theta (deg)

Fig. 2. XRD spectra of Na-MMT-K and S-Na-MMT-K of various experimental conditions from Tables 1(a), 2(b), 3(c) and 4(d).

I MMT-K, glutaraldehyde®} HH-5-A1Z1 APS7HZ MMT-K 9 &
2237 MMT-KE2] XRD #2404 20%k0] 8.9°0|A] EFt=-2 7
95 wo|u HagEE A W 1) AyEARE HAE
AAZA (dgy ) A2 FL3 9.94-9.97 Ao Z #2311, o]
Sk AWz o] Este] APS/IE O] MMT-KS] SiHtglo] op et
MMT-K®] 93321 Bet= 7FgAke (edge)ll M 74 9 5ol &latod
WAk Tk B skt whekA] 2 TRl Al Na-MMT-K ] 5
vz 9 R 9 a0 5420 X AT 22 7] E ATl A
MMT-K(EEE MMT-KE E34le] §814171 APSZE 7)1 8 A3
2l 2tA-F-2 Na-MMT(EE Ca-HlEUO]| ES Na-7f 2 3 A 3o}
A AAFo A, B Ao Na-MMT-KE= MMT-K$} 211+

T Ca-MMTlA 7HA D Na-MMTE] 54& S0l 714 =
Zio] 1=t

APS/HAE 2FA-F-2] MMT 3] .9 20352 virgin-MMT 3] 5.9]
20 gtETh 9120 7 Ao Hopo] mEhbA AHIFA (dy )0l T
71ehE ®RITh5]. 3 2 917-9] S-Na-MMT-K2] XRD AFHEH
(Fig. 2)°llA1+= Table 1-4°14 2] A3 x4 APSE o]§-gt 7i&

Hk-S-o] QS = &3t = ¥ 32 2032 Reshimi and
Sugunan [9], Husinn 5[10] % Farias $[11]2] 73-%-2} Z°] MMT-K
T 579 oM AAE MMTK] 73-%-2} H|S5=8HA) 415
QHF 939 20%k0] Na-MMT-K 2] 20%<) 8.838°K .t} k7 =k
o}A A (ie., 8.801~8.822°) ATIFA (dyy )01 2 AR 7] B1SATH.
wak B o] XRD A% E 7 (Fig. 2)0|4] Table 15-E 4014 &)
Az APSE o] g8t /fdNkgo] 3 E S 204k0]
8.838° 2] ol A 2] 3 3] 7.9] 7 (intensity)7} Fig. 20114 9} 7ko]
Na-MMT-K®] 3-¢-Bt} 43w 1 s 2 APS 55,
20 WANESAIZE, 71 G217 s e ANk ol o 2
7ol et 719+ EAoll Bertuoli 5519 GT-9F v A& 2
Aol Al APS/N A Na-MMT - 3] 3.9] 203t Na-MMT-K
9] 3.9] 20%k(ie., 6.960°)HT} $1%:0 2 -2 0fx] 4.08° LHE &}
opzlel whEbA] AwzEA o] S8kt 1 AEA, B ATt
APS7IAE S-Na-MMT-Kel| 7 7112] THE A A7HA (), 5 20%°]
8.84° ZA| oA &) = 1] 9] ' (intensity)”} A dH= AW
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Fig. 3. XRD spectra (2°<20<20°) of Na-MMT-K and S-Na-MMT-K
of various experimental conditions from Table 4.
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7H3Abe] (edge) B7F ol 2} APS7F S7HEl Ho] APSHE 0] ¥
Ackar s Tt

71 9] Fig. 2014 Eo]3k -2 50 °CS} 80 °C2] HH-5-2 5ol 4]
7k APzl W XRD 2~ E Y 8] W (Fig. 2(d)oIA] W=7
50 °C 7-%-¢} tF=A] 80 °CollA] XRD AFEHL 1) 9119 20
Fho] HEg-2571 50 °C 73-9-2] 4.1°014 80 °CoA &= 3.9°% 2o}
Fow AWzrFo] W27} 50 °C 7-9-9] ok 21.6 A4 80 °C
oAM= 22.4 AR AR, 2)F T A9 dyy, (20=3.94°, 22.4 A)el| T
3k (002)reflection?] 26gk0] 7.9%014 =1A| LFeRtR= oo},

Na-MMT-K 2} S-Na-MMT-K2], Z}7}+e] XRD ~FE & (Fig, 2)e]] u}
E /4 (00D 2L2] 203k, 5/ (001)3] 2] d-spacing(dyy VS
o 5 (001)3]21(20=3.9~4.2°)2} 5= (001)] =1(20=8.84° )] A
A1](%)E Table 5} o] VYeb ATt A% 5 1F3= 0] (interlayer
spacing heightyi= A H7tA A AAS F7(9.6 A)E wiA Akt
= 1TH20]. Table 5ZFE] APSTHA 3ol A Z-7F=0] (interlayer
spacing height)= 11.0~12.9 AZ Aite] o]z}, 31 ofjghg<=g-)
oAl APST= FA kel oA iy} bRy opw] i
23719] Foli= oF 4 Ao Hojx MMTE] A 5315017F 8.1 2
4.9 A wjell APS7} Zt2hel A Z7kell Al sto] 1 =R g we)
Bl -2 parallel-bilayer 2! parallel-monolayer®] 23 X 31% $1th
[17,20]. B8k H o]l Sl ] 78 AE& B3l T/ 50% 2
80% olg-2=g- Mol APS/IAE MMT 7§51l 444 (intercalation)
o] 72 ¥ APS7} ©]FZ (double layer) S 2 WG AThL A
AEATH5,17]. w2bA] Na-MMTKS] APS7iIel] o]s)l A4/ de 5 o=
o] F31EolollE 80% olleh&-&-Hel &-3ll¥ APS7F MMTE] 2
45 7Fell Ak (intercation) A Ho= Fof] 7hial Ul 53 JA)
9] o5 (bilayer)o] EANgIT T F=EH L.

B ATrollA] 3= 1] 71(20=8.838° TA)Q] A WA zh= A

of\e

Table S. Characteristics of Na-MMT-K and S-Na-MMT-K according to XRD analysis

Condition Experimental I. D. 2-Theta (°) doo; A) Area (%)
Control Na-MMT-K 6.960/8.841 12.7/10.0 N/A

50-A-5.0-1-60 4.120/8.821 21.4/10.0 36.5/100

Reaction period 50-A-5.0-2-60 4.218/8.819 20.9/10.0 97.8/100

50-A-5.0-5-60 4.041/8.819 21.8/10.0 43.8/100

50-A-2.5-5-60 4.078/8.801 21.6/10.0 43.3/100

APS concentration 50-A-5.0-5-60 4.041/8.819 21.8/10.0 43.8/100

50-A-7.5-5-60 4.082/8.821 21.6/10.0 83.3/100

50-A-5.0-1-20 4.278/8.822 20.6/10.0 21.3/100

Stirring period before reaction 50-A-5.0-1-60 4.120/8.821 21.4/10.0 36.5/100

50-A-5.0-1-100 4.138/8.802 21.3/10.0 46.4/100

80-A-5.0-5-60 3.940/8.822 22.4/10.0 40.2/100

Reaction temperature 80-A-7.5-5-60 3.921/8.820 22.5/10.0 62.8/100

80-A-5.0-1-100 3.941/8.822 22.4/10.0 83.8/100
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