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2]¥ K-10 Na-MMT-K)°ll thét 3-aminopropyltriethoxysilane (APS) 7|12 2] 5418 #43laL AA7/NEAZF71S FTIR,
XRD, NMR 2 TGA 59 ﬂ & E3alo] AXEAet. APS 7HEE Na-MMT-K (S-Na—MMT—K)Oﬂ 3t FTIR #4]°
Al s W3 FE AEAE A3(Si-0), oY), -CH,- ¥ -OH 71€] ¥]=18] A& vlweigitt. 71 Az 2
A WESAIZE, AR WRIAIZE, AT W ANk = Z12; 2-3 h, 20 min, 7.5 wAv% 2 50 °C7F EEEH T Tk

TGA 23278 =3d A471E2A05% FTIR 240 =28 A7 zd9 712 dAsi3in o] = 4737
AEAEE Lee 58] XRD -40A A 7] (criterion)ol] 2J3l] Lz ZANRSAIRE, A WRIAIRE, 2173 APSE

5 gl ANke gk A9 ARSIk wbA XRD A ollA A 71 (eriterion)0] A5 AT

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 instrumental analysis, including FTIR, XRD, NMR and TGA, on silylation-modified Na-MMT-K (S-Na-MMT-K)
under various conditions. According to FTIR analysis on S-Na-MMT-K, its peak-strengths of Si-O, -NH,, -CH,- and
-OH, correlated with APS silylation-modification reaction, were compared each other. As a result, its optimal conditions
including APS-MMT reacting period, APS-stirring period prior to APS-MMT reaction, APS concentration and reaction
temperature were turned out to be 2~3 h, 20 min, 7.5 w/v% and 50 °C, respectively. In addition, the optimal conditions
induced from the results of TGA were also nearly consistent to those according to the results of FTIR analyses. These
optimal conditions were turned out to be almost consistent to those drawn according to a criterion from XRD results
suggested previously by Lee et al., by which the criterion was validated.
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T bis-2-hydroxyethyl”] & Zt= 4xF R U39 (quaternary
ammonium salt)?} 22 Fol 2w 3t Z|HE MMTS] F7+2] ol
23 X SAAAM 7713 NAMMTZ} A 225 31 -$-8-% STH5-7].
olglA JidE MMT= s, 7AFaMd 7 53 22 &4
o) s FE vk HaE T Qlrh8]. ey aell A= 4
2} 9F 5 Y89 (quaternary ammonium salt)©] -3 %] 7] wj o] f-
7|3 E L] dARPgdo] AEFT /AR Ve o] AEE
ol & Agtzzdo] FrH9-11]. Bgk oFsh FA7]A e ag-o
2 Qg WA TEAY AT F71EF Ateloll AW wiiel
e E3PES] 71A1A S0l F9 2R ks vIXITHS].

o3 ME& /st 7153k MMTE 7] 918l Skl
IYPZE JhSA7) = WS 2A, {7 @S 83t MMTE
A@s HEAA F ATH12,13]. ZHEE MMTS §7]|480 2
TEEE QEEehs AL A7 REEE] IlE Bo.a1 QlTH12,14-20]
ol §t ZHZENRS-L- A A IR MMT 7145l 3184
o7 Agtsto] iAo AZE 7es Foiditt. ol 3k 7t
o FAolu}, THZERRS-S MMT 7714 Ed 7} 712 e 7§24
AR} Atolol| F-FATELS 711 shsbd o] Wk v|7kF
goleh21]. o2 MMT 77183} 71 9] -frd o2 d=tst
® =49 {713 4E HsA71A] ar FH gafjofl 2El sfj2] A
Feths Aol vk =gk 7)1z ARSE B Bl
MMTE] /g0l theh Ae =S w9 vhelabAl 7§ ghrh22-24].
7145 WA A7 MMTell 2H-8-8k= 3714] RESZ3 224 MMTE]
=% H(interlayer), 2] ¥ % (external surface), 7HA+2] (edge) 2! 751
7}d&212] (broken edge)E & 5 ATH18]. ¥<A MMTe]l th&t &3¢
A A== 24 S, Aolell 23l AlgkETh2s].

He 5121 #11 MMT3} 33 &5 @ 2 8l E2}o] E(fluorohectorite)
£ oflehe8-ellA APS/HEEI=T, A7 51 (gallery space)©ll
EA% APSE ZH7} 58 ES-(condensation)yS 5517 bidentate (T2)2}
tridentate (T3) Ak -$1717} El<= parallel-bilayer 9]} monodentate
(T1)R] parallel-monolayer Wl 4= 714 &= A& #A|A|8FSI ). whehA]
AAHEE I 7 MMT S22 vAl7 2= A EEE 24 &
952 53T Bertuoli 52612 71 MMTell 5214 Al
Sl AUl A E F7)5(mineral layer) b/ 7R
(edge)oll 3FetAdela Ao A= osle] 714 MMTS] TGA
(Thermogravimetric analysis) DTG (Derivative thermograms) 27 f] 4]
200~600 °C 2]l 3] =7} A8 =H, 200~300, 320~440 YL
450~575 °C =77l A o] A= 7H e 22 MMTS] 7Hg At
(edge)oll F=AAFE AU 717 718212 (broken edge)ell 372 %
B A7k 28, MMT 31l A% (intercalation) A #+2] -3l 4!
MMT 53t 357 spebA b5t Aghe] wafofl 7]Qlghtal 1 1s)
Atk Lee 52712 kol &NaHw g A 2]¥ K-10 (Na-MMT-K)°]|
th 3t 3-aminopropyltriethoxysilane (APS) 702 o] 445 F435}aL

olo

ANE S XRD 45 55 2B S-Na-MMT-K =
Na-MMT-K&} PRRPZEA 2 5= 7] 2] A2 (dy)) 5855 7Ho]
F2E Q) ar, 71 ol - (001)¥] H(20=3.9~4.2°0)2}F F (001)¥] =
(26=8.84° 23))2] A AH|(%)Z APS/NA Lol th 7]F(criterion) 2.5
A

& AelA= MMTKE ¢Fol(Na')i ¢4 2 & Na-MMT-K =
g8l gallel APSel| oJsto] Aeksbidrl7]= 7d 7ol
AelA, gallE APSO] F, Na-MMT-K 2| A3} §H-3-A1 7, Na-
MMT-K2] Al 3hs} Hhg-2 5 W Na-MMT-K2] 2 @ks} 1§ Aol &
a1l APSS] WHIARE 5] o TNl tiEk HAskE
alet. o7k A 2o APSA et AR S
&3ka APS/HEE S-Na-MMT-Kel| th&t FT-IR (Fourier transform
infrared spectroscopy) 121, NMR (nuclear magnetic resonance) 4],
TGA (thermogravimetric analysis) 52| 71713418 53141, 2+ 7l
Ay zelx e =elskes] Jid 5435 #2418kl Na-MMT-Kell
gk APS A=tsbrldel slojA ME 352 A4 olaL 7]
A ANAERAS FESGIE w13 ol g @ ANE RS
Lee 5[27]°] XRD 2ol A AJAISE 7] (criterion)el] 2J3l =&%
ZAREEAITE, A WHAZE, 217 APSEE W A28 1]

[e]
] o
W3IA], Lee 527101 AIAISE 715 (criterion)®] Ao-S 53431 3iT
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2-1. A2t S RliE

Ao M= MMTK (Sigma-Aldrich, K-10)2} Na,CO, = AH-3)
o] 21 3kete] Na-MMT-KE A 23t A EF A0 APSE
Sigma-Aldrichof| 4] &5 4o}l Agks} vbSAl 2 AM-3II 1 APS &
w241 80% olehe-S A3

2-2. Na-MMT H|Z=
MMT-KZHE Lee 52710141 AR&-3F Wb o] thebA] Na-MMT-K
£ Azt

2-3. Na-MMT (K-10)H| Cigt APS AZEPHIE

APSE Lee 5[27]14] ARE-gF Wbl whebA] iyt 9l 8-3)8}ar,
Na-MMT-Kell tf &t 723 H5- 24 APSSF Na-MMT-K 2] 714
HHSAIZE, APSS] Tl s, NANHS- K2] APS E3llA1zE 2 71A
AR 7 slo] 7 ) AA S 247t Table 1-498) 2710 R 5
RS =g

24, 22| U BpEIN S4EM
o 2] A% Z71(Table 1-4) 3ol A Fourier transform infrared

spectroscopy (FTIR, Perkin-Elmer Frontier)E ©]-8-5}%] Na-MMT-

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

Experiment identification APS-stirring periqd priqr to APS concentration ~ APS-MMT reaction periodat ~ 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 5.0 2.0 5.0
50-A-5.0-5-60 5.0

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

period (min) in order
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Table 2. Experimental condition of APS concentration for Na-MMT-K modification process
APS-MMT reaction period ~Na-MMT-K concentration

APS-stirring period prior to APS concentration

Experiment identification

APS-MMT reaction (min) (W/v%) at 50 °C (h) (W%)
50-A-2.5-5-60 2.5
50-A-5.0-5-60 60 5.0 5.0 5.0
50-A-7.5-5-60 7.5

*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

Experiment identification APS-stirring peric?d prior to APS concentration ~ APS-MMT reaction periodat ~ Na-MMT-K concentration
APS-MMT reaction (min) (W/v%) 50 °C (h) (Wv%)
50-A-5.0-1-20 20
50-A-5.0-1-60 60 5.0 1.0 5.0
50-A-5.0-1-100 100

*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
APS-MMT reaction period

APS-stirring period prior to APS concentration Na-MMT-K concentration

Experiment identification

APS-MMT reaction (min) (Wv%) at 50 °C (h) (W/v%)
50/80-A-5.0-5-60 60 5.0 5.0
50%/80-A-7.5-5-60 60 75 5.0 5.0
50%/80-A-5.0-1-100 100 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

A A7t el F2 sto] =54 (hydroxyl)7]19} 31814 A
& 3 ghth28-30]. ol 21 EF S FEHE FaEL JfEE
S-Na-MMT-K¢] FT-IR A~FEHo| A= 7) 43} ##3k 105 °CollA
2407 Feke] M ARy o7 Qlsle] vlulEint, 1o
E8EAL 1630 em™ A O G222 H R ¥ HA= ol

K} S-Na-MMT-K 9| 3824 543 /424 o= Akl
2Si CP/MAS nuclear magnetic resonance (NMR) 3] (Bruker, Avance
I HD400)°l| 1A S A17HE 5 ms, HHEr A2 1 s, spinning
rates 5 KHz= 3F313L 59.63 MHzOI A 2H5-A1 714, Na-MMT-K$}
S-Na-MMT-K €] 7-34] &A1& APS ‘s 2 33 3kgich 5t

Thermogravimetric analysis (TGA) (TA Instrument, Q500)%} 7
u]3-7k2l Derivative thermograms (DTG)S ©]-83F] APS A &3}
Bkl oJato] 1M E S-Na-MMT-KellM =31 APS -3 JF
A o7 FASITE TGARA] 270& Az A A-2ollxF-H
800 °C7HA] 10 °C/min® & -23}F2]tt.

3. 44 3 oF

3-1. FTIR AHEZ 2AM

Na-MMT-K &} 2 &3} 7|28 S-Na-MMT-K2] FT-IR AFE
A= Fig. 1 2 28 221 1000, 1550, 2900 2 3630 cm™!
oA A7 A=A AeH(Si-0), oF17], -CH,- W -OH 719] 3 =17}
A ek A=A AEkSi-0), 019171, -CH,- 9 -OH 7]9] 3]+
A3} BES-RERal W $%) = 274k APSollA S-St
a1, 71 FollA] AEAF AghSi-0)2t -0H 719 3] =3 Na-MMTe]|
5 etk APSell A -Eidt 2900 em™! x]ellM Q] -CH,- ¥ A=
T 709 9 F2A 2860 W 2930 cm ol 2k A% BT R E W
AR =S vhebdit), =3 Na-MMT-Koll A= 3430 2 1630 cm™
A olA ZhzE S 2] -0HS 4A1F H Wi E A7 R
Sk AEF7Z mde)] EAEHE S ARWIAAL 7
o) &t Ak (silanol)yS P35 sk, HEF7|A T3¢ Q=

I|=1(1550 em )R} Z8H3aL o] A3 Fig, 20141 9} 42o] W
257} 50 °ColM = mu]Ek3 o) 80 °CR F718HS wlofl SRElo)
LFERsTE

APSE 5.0 W% FEZ 60 min &<+ N -0 50 °CollA] 1,2
95 h &t 247 bl vESAIAA A" S-Na-MMT-K2] FT-
IR A ER B A= Fig. a9l 2Tt HEGAIZIO] 1 hellA] 2 ho =
Z7kgrel whebA 1000, 2900 2 3630 cmlol| A 242t A=Ak Agh
(Si-0), -CH,- B -OH 719] 913 A|7|17} 5481 AF S 2 hellA|
5 ho] FH3IS woll= BE =] Al7|7F A WEkA] 9k
whepa] HH-G-A17HE- 2~3 ho] A ghatttal IE QI Fig. b
APSE 25,50 2 7.5 wv% S EZ 60 min &< 22 wHE $of
50°Col A 5 h 52 A3}t Hh-gAAA 7] E S-Na-MMT-K ]
FLIR A3 EY 224 3lo|t} APS 557} 2.5 wiv%eol Al 5.0 wA%e=
AA R} 5.0 wv%eld 7.5 wvheE F57F Aol maba A
224} A3(Si-0), -CH,- & -OH 71¢] BE 9] A7) F7}50] t
Fo] I} et F5E= 7.5 wive’t A et dekE et
Fig. 1¢5= APSZ 5.0 wiv% 5% 20, 60 =+ 100 min 53+ 2+t
T Fof 50°Col| A 1 h B3k Agksl vESAIAA 72 F S-Na-
MMT-K?] FT-IR 2 E] F4Av}o|th, witr|7te] F7lghel =
B8kl AZAE AEKSi-0), -CH,- 2 -OH 719 BE v]= A7)
A2 W7} SIS, kA WHEAIZERS 20 mind] A 8ictar dck
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Fig. 1. FTIR spectra (a, b and c: left, full spectra; right, locally magnified spectra) of virgin Na-MMT-K and S-Na-MMT-K of various exper-
imental conditions from Tables 1, 2 and 3, respectively.

%3t} Fig. 22 APSE 5.0 wiv% 552 60 min S 1yt 30

MMT-KQ] FT-IR 2~FE ] B4 vlo|t), vh-$-2 57} 50 °CollA]
50 T 80 °ColA 242t 5 h Bt A#sl WAl A 72 E S-Na-

80 °C= Z7FatAS el 1000, 1550, 2900 2 3630 em™el|A] Z}7}

o)
=
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Fig. 2. FTIR spectra (a, b and c: left, full spectra; right, locally magnified spectra) of Na-MMT-K and S-Na-MMT-K of various experimental
conditions at 50 and 80 °C from Tables 4: a. 50/80-A-5.0-5-60; b. 50/80-A-7.5-5-60; c. 50/80-A-5.0-1-100.

A= AeSi-0), o} 7], -CHy- W -OH 719] B.E ¥ 7.2 A7&
AF L. Fig. 2b% APSE 7.5 wiv% 52 60 min 5+ ik 5o
50 BE4= 80 °CollA 212t 5 h F3F A3kl wESAIAA 71 EE S-Na-
MMT-K¢] FT-IR AFE #2470}, RS- 57 50 °CollA]

=1

80 °CZ 73132 well 1000, 1550, 2900 & 3630 cm oA 22+
A= Ae(Si-0), o} 7], -CH,- 9 -OH 719] X ¥ 7.9 A7)=
BT STk ot 11 Aol mim|Eith. mEbA APS =Tt 7.5
wivYee| 2L HEEAITE0] 5 hed 73-9-of] Aghs} g2 5= 444 50 °C
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FAgsh, o] A2 APS 52 5.0 wivd 350l Aesla A
WS E2A o =2 Ads) vk %rt ek iAot o
A Fig. 2ci= APSE 5.0 w/v% & 5= 100 min &< WHE o] 50
T 80 °ColA bz 1413 B9t A dd} WA A A HEE S-Na-
MMT-K2| FT-IR A EF F24 4 o]t} yh-5-2 =7} 50 °Coll A
80 °C= 713135 wofl 1000, 1550, 2900 2 3630 cm oA 242t
ST ATSIH0), 01171, -CHy- 4 -OH 718] 9171 Foll A=At A
(Si-0) ¥ -OH 712] 73] A7 oK 5718l oLt ofgl 7] 9k
-CH,- 719] 28] Al7]= AA ARG o] A2 257} F7heto]
APS YJA=2] Fito] Aol wheba 3T A]1E = APS Yol &
7¥akSl o}, HEGAIZko] 1 h2A] vl A Froba] S7F AHSlE APS
Zol|A] 7R = S APS QIR 2ol 71918kt 3
Aot b S 0% A7 WhSAIE AR AR A,
A5 77y 2~3 h Y=, 20 min 2 7.5 w/iv% 2 50 °C7}
TEEL o] BEE FANAZHELS Lee 5[27]9 XRD 4
ol AN F 715 (criterion)ell 23l =FF AGN-SAE, A7 il
AIZE A APSERE B A2 =9} AC] UX|EISITE

3-2. Si¥ CP/MAS NMR(Nuclear-Magnetic-Resonance)=A1

Na-MMT-K2} o1& 7}4] APS -g5=ollA 718 S-Na-MMT-Ke]l
tf gk Si* CP/MAS NMR 44 7= Fig. 37} 22t} Si¥ CP/MAS
NMR A EH-L2 JEg o] Agtof o3t 7| tfdt ASAz =S
A &3 12]. Na-MMT-K 2] Si?? CP/MAS NMR #-4 A7}= 946
al —112.3 ppmoll A Z-2ZF Al 71 (signal)S HolFE), A= QF
[Si(0Si);0M] (M- Al, Mg 55 YEFHZEA MMTS] A2]7} Sl
AE Si AAEAS BT T2 QYSi(0Si),|2A AEel &4
She BBl A U9 Si ks YeRATh31]. 224 Si¥ CP/
MAS NMR A3 E ol A 2|7} A E(sheet) 7H3AFE] (edge)ol Al
EAleH: 1 E Aeksr)el 71Q1shs QP Al 18- THEER] 29k
o} Z a3 [12,317004 BaE MMTE) A 193 AR} 18
L g3 ro] E(laponite)] -5 Q2 Al o] TEEH A TH25]. S-
Na-MMT-K®]| T3+ Si? CP/MAS NMR 4] 4 }oj A4 = Na-MMT-
Kell vk @1 5l Q* 1ol 57 o] F7h2l el Al m1do) —62.1 1l
—69.5 ppmell Al O YERGE=HE], WA TSi(08i),(OR)R](R
CH,CH,CH,NH,; R*= H 55 CH,CH,)° 11 $2K= T[Si(0Si),RIE 1+
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Fig. 5. DTA analysis of virgin Na-MMT-K(a) and S-Na-MMT-K of various experimental conditions from Tables 1(a), 2(b), 3(c) and 4(d).

Table 5. Wieght loss(%) by three steps of temperature ranges between 200~600 °C according to TGA of Na-MMT-K and S-Na-MMT-K of various

experimental conditions from Tables 1(T1), 2(T2), 3(T3) and 4(T4)

Experimental idoniication Weight10ss (%0) 15t 1o (94) (200-300°C) 27 step (%) (300-450°C) 3% step (%) (450~600°C)  Weight loss (%)
50-A-5.0-1-60 1.40(19.0) 2.58(35.1) 3.38(45.9) 736
Tl 50-A-5.0-2-60 1.44(19.5) 2.55(34.5) 3.40(46.0) 7.39
50-A-5.0-5-60 1.42(19.3) 2.57(34.9) 3.38(45.8) 7.37
50-A-2.5-5-60 139(19.4) 2.46(34.3) 3.33(46.3) 7.18
T 50-A-5.0-5-60 1.42(19.3) 2.57(34.9) 3.38(45.8) 7.37
50-A-7.5-5-60 1.54(18.6) 2.80(33.9) 3.93(47.5) 8.27
50-A-5.0-1-20 1.41(19.3) 2.52(34.5) 3.38(46.2) 731
T3 50-A-5.0-1-60 1.40(19.0) 2.58(35.1) 3.38(45.9) 7.36
50-A-5.0-1-100 1.46(19.1) 2.66(34.8) 3.52(46.1) 7.64
80-A-5.0-5-60 1.43(17.9) 2.64(33.0) 3.94(49.1) 8.01
T4 80-A-7.5-5-60 1.44(17.7) 2.72(33.5) 3.96(48.8) 8.12
80-A-5.0-1-100 1.23(17.7) 237(34.2) 3.33(48.1) 6.93
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Table 6. Silylated content of Na-MMT-K and S-Na-MMT-K according

to TGA/DTA

Condition Experimental I. D.  Content of silylation (%)

50-A-5.0-1-60 7.94

Reaction period 50-A-5.0-2-60 7.98

50-A-5.0-5-60 7.96

50-A-2.5-5-60 7.73

APS concentration 50-A-5.0-5-60 7.96

50-A-7.5-5-60 9.01

. ) 50-A-5.0-1-20 7.89

Stirring per{od before 50-A-5.0-1-60 704

reaction

50-A-5.0-1-100 8.27

80-A-5.0-5-60 8.71

Reaction temperature 80-A-7.5-5-60 8.84

80-A-5.0-1-100 7.45
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