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E: B AdFME Na'2 Yol w37l 12 20| E (montmorillonite, MMT)E 28 A17]2, o2 3t S-31A)
IEANE o} AFES} AF8Ao] JEF HATAZHAI] 3-aminopropyltriethoxysilane(APS)E -2 7
AAZ] Adgtst MMT &2 71654 LAlZA Azsidn) T3 st MMT H& UiiolA e ofgurc A
B3t A e AT MMT A€ 835 Y484, FTIR, SEM, XRD % TGA 418 F3lo] #3319t}
EAAF(2.5%)9F ZHoFRIA-AE BAEE(2.5%)2] ARTANE TH slelBeE SR HUbE ste|lHE|=
WO TE (a), B AN R(2.5%)2 et MMT 4(2.5%)2] stolBa|= FHA7F H7He slolHe|= W
FNEFETE (b)2] A9l BT, 71E Wl dolaBES} th2A|, 4 KS F 32119 A=, dildsE ¢
AEAES] 972AS BT WSt ¢, sto|Be|= Ao BE (b) Al Apddls FrAEe]
P 0.5 Nmm? o go 2, 7] W ol~dES) w2 KS F 49359 A4 87715 (e, 0.3 N/mm’ ©]
e EAIZAS ¥ oY, 04 Nmm™e] FHelA] £571 © sfo| B = Wl Aok ABE (a) Al F R 958 &}
7}H > (self-repair) 582 ST

> o

Abstract: In this study, Na‘-exchanged montmorillonite (MMT) was aggregated and subsequently the surface of the
aggregates was modified by 3-aminopropyltriethoxysilane (APS) in order to be compatible with a polymer-modified
asphalt. Thus, the modified MMT-aggregates were prepared, and silanized to be silanized MMT capsules. In addition,
it was observed by elementary analysis, FTIR, SEM, XRD, and TGA that the degree of silanization inside the prepared
silanized MMT capsules turned out to be remarkably less than that on the surface of the silanized MMT capsules. Both
of hybrid waterproofing polymer-modified asphalt (a) filled with carbon fiber (2.5%) and stearic acid-coated CaCO;
(2.5%) and hybrid waterproofing polymer-modified asphalt (b) filled with carbon fiber (2.5%) and the silanized MMT
capsules (2.5%), satisfied all the requirements of tensile strength, elongation at break and tearing strength of KS F 3211
unlike a conventional waterproofing polymer-modified asphalt. In addition, in case of the specimen of hybrid water-
proofing polymer-modified asphalt (b), its limiting water pressure of water penetration resistance was more than 0.5 N/
mm?’ to show a very superb self-repairing ability and to satisfy the requirement of water pressure of water penetration
resistance (i.e., 0.3 N/mm?) according to KS F 4935 unlike the conventional waterproofing polymer-modified asphalt,
compared to that of hybrid waterproofing polymer-modified asphalt (a) which water penetrates even at the water pressure
of 0.4 N/mm’.

Keywords: hybrid waterproofing polymer-modified asphalt, montmorillonite, silanized MMT capsule, 3-aminopro-
pyltriethoxysilane, carbon fiber.
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AL W EY 2 YojA] WEUCE s ERYIU0|E
(montmorillonite, MMT)¢] £33t F4kS Al7]EH HEF7]
Ho] f7134 o2 WA= o] F7H A (interlayer spacing)©] 7]
Aok gt} 121} 3-aminopropyltriethoxysilane(APS)<] 41
3} RhEo R A ERURES ¢ WEYO|E e MMT
YA 71 MMT7F 25 1H91(90° o1l migsted of
2IEES AR JNES U EokATE Erke] I8 v
A B R o] Fujsgiel] ofgh A7 EARA (self-repair)
o] o}z EATo| =2 Betal, oA FRVNER 1]
qiAgo] v AstERRE, ol2igh /i WlEV o] EYR} B
= N MMT 972 S48 /it gEE Aoz <l
gk IREOLATE vl Bl S Al 978 AR 89S
71tha17] ofHt.

W TS ENAM SHANE X3S Wik E
EQHAl tigh A= A EAERA A BA 4 4
7 9EES X3 ZEESA 1 MMT, #7178 MMT
9 f7PHE WEUe|EE T35 A= a3
0] 20% gk whdel dd B ST 77 24 B
40% HF Z7tehe 22 B E|Qt)} Abdelrahman 52
olAZE JfES fJsiA HuE tEle|E2A o = 'E)
2 F(dimethyl di(hydro-genated tallow) ammonium)S. 2
EHHEE MMTE =93 AN, /oA TES] -5
stz SAdo] vl NS AT B AL8l3ITt. Zare-Shahabadi
5 Ganesh 52° Wl EUo|ES} F77Hd HlEUO|ES o}
2TE A3t g NES flal AR NHABES 239
oF A& 710X &8l oste] Azt Al
ZH I H oA EE AW (rutting) A 3ol B AR
HELU|ESE {77 WlEUC|ES H7FeIS wol] of2
LEO| Az I A o] /AT B s
t}. 34, styrene-butadiene-styrene(SBS)= E& A5S 7
NAISBEES A xsl7] flste] /HANE AREEH o] ek
Porto 5" LA} H7HA7F o}~ E (bitumen)®] 54&
WS = Sl whdol A= ALk s FEA EAIE &
Ask=tl, 27t ofSZES) kY] 84S NS
3 B35k

3, Yu 510 ol o] 24 WS A3 (rutting resistance)
o 78 T2 NS ofATES} HEo]o] Fde] EoEe]
O}ATE VRS W ER /NFsloiA] o}l ATE F17e] A
S AEtial stk 3k SBSTHH AT E
o =M E7} = WA /A=A d7he )4, SBSHE}
2ZEQ] oy EAS /st B! 2t
SBS¢} ofTE= JF8Ado] Holx SBSINEI S EEE AL
2olA A 7FeFg A (storage stability)o] $LOEZ SBSS} ofX
ZE 7] 84S Foddhr] flated, Galooyak 52" MMT

FHR0|E P} 7154 AR

Ast slo|BE|= IEAPIE Wrol T E 673

o] 7 Frlo]2E5S 4 dEF olo= X3 f7]
N MMTS} SBSIIRoREES] E91a-5 A &s}al, SBS-
Mdop=ZES} 7|44 9 {584 548 vwsil=tl, 2
Az2A A7ve F7170E MMT7E SBSell L2 A] #E 3}
o2 549] A3} glo] Aol /M= Attar Barslsl
t}. You 521 op~ZEA2EOA Ago g FH/NEE MMT
2 ENZL, FHNE MMT7} o)~ EA A8 2 A%t
e A BT Lee 52 AAFAES 2 IEA
WA ol BE-MMT 533 AZRE 215, Na'2 4ol
£ W37 MMT(Na-MMTYI thét 3-aminopropyltriethoxy-
silane(APS) 7 & 2] 5438 Frstal AAAL A8 =
& XRD w404 AAJE 71 (criterion)yS 531 =3}
ATk APS 7 Zol thek uks- A APS HA g A7, HAut
SAIZE, APS AREE 2 AN EE 7M7)t 208, 2~34
¥, 7.5% wiv 2 50°C7F £EESI Lee 5 A7
< ke IRANE ol BE-MMT B3 Al2E 28t
o] Na-MMTol| t st APS 7H& 9] AA7/Md =71& FTIR,
NMR 2 TGA 59| 418 F3alo] At =& 4%
MNA ZAEL Lee 59)° XRD EA0A AAE 71500 9
3 = AT AIZE, AR AL A APS T E A
Auke-2w=9} 7o) X3 A, Lee T2 slojHB=
WA E (a)9] 719841 o~ E, e 7}
2A], A% SBS B C5A AFA19 7122488 7MY} 75.0,
6.8, 13.6 & 4.6%(F 100%)= slar, ZHAZA B4, B
abbgr, 2Hol AT Y ek, e B BAAH
2HolatE Y BREGS FHAAIR stodA] 71AA e
A Flshal APzde] A Ay S BA(2.5%)
o} ZHlolgataH B (2.5%)°012kaL RSt

B A s AF7HA] B A3AEe] 9t BAlEX
%2, Na-MMTE -$-A171aL, o] gk SA ] EHS SBS-
NAITEA SBS9} oFAFE 7he] 3-84S Hosl)
95le] ATAZHAIC APSE 254 NAAZ] Agks MMT
Hes AT olzfs Agksl MMT <2 Figure 13}
7o) Aoz 3t MHIATE = Yl s Alo) Yo
2 728171 s MMT & Alele] =% Na-MMT 37+
o7 Fo] HFsha P& W] A4 NAHA &2 Na-
MMT A7} 5937381 2R a7t Hes sfdeh. gt 4
&35l MMT &3 NZPABE b 48438 71H4A 4
&5t MMT 7o) 7idot~BE oA 2 24te7] sa,
Ao Yoz A3t AHolARE T Bl = Alof| A7
3} MMT H&9] T3S A8 sttt olefst gt
3} MMT H&2A, Lee 501" =& sto|B= Wid
O} AZE (a)9] Aol A (A) ZTHELRA T Lot
2b 3 e A4 FHA)(A) Z90lA] ZElol—At
ek x| 8ksle] slo|B = W ol E (b) Al
AHE Az, Azxd AHES EAAE 2 FRAEA
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Figure 1. Schematic diagram of self-repairing waterproofing polymer-modified asphalt filled with silanized MMT-capsules.
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o] slo|Ee|= Wi oA BE (D) AlHY] 74 54 %
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Alek 2l Z= . MMT(K-10, Sigma Aldrich, surface area of
250 m%g), sodium carbonate(Sigma Aldrich, anhydrous
powder, 99.999% trace metals basis), I E-2(99.9%,
DUKSAN) % 3-aminepropyltriethoxysilane(APS, 99%, Sigma
Aldrich)?] AloFa-& FYate] o] AA glo] AR&-si3iTt.
OFZE(AP-3YS SKOlUA|IM F5ESkLL, sfehdA| 7ha
A|(P-31, S-0il, 0.8666 g/mL, 101 viscosity index(ASTM D
2270)), 418 SBS(LG 501, LG Chemical, 0.94 g/mL, 13.4 cP
(5% toluene, ASTM D445), 31% styrene content), C5A 4

<74 (HIKOREZ® A-1100, Kolon Industries Inc.)2 -3}
oq o].g]]ﬂg]: H Aot AT E ] VBT QAR A}Q.O}
3, g4 - (CABEN CompositestHK) Co. Ltd., 7 um(®)
x74 um(L), 10 aspect ratio, 200 mesh, 1.76 g/cm*)E 35}
of FANE ARGk

MMTS| o|2uatyl & Na-MMT M =. MMT %
Na,COE 575 100mL 3 22F 94 2 0.6 4 an}&’i
T}, 80 °CoNA] 4A]7F =9t HAX 3] wRksle] a3
5000 rpmell A} 154 &<t A4l stk °J*‘%"%E] Fll <
0401%9] AAE S8l SHRTE 7PA EE5o] AHE Foll,

THENa-MMT)Z 105 °CollA] A=x3It

Na MMTS SEAME. 40mL OﬂEP—Q—" A (80%)°ll Na-
MMT(5% wiv)E T3t Halde] l A= %ﬂkl?l”
T2 0, 0.05, 0.1 2 03M NaCle] zt
Ao A 200 ppm &2 Na-MMT(5% w/v)% AL 6‘}04 Na—
MMT suspension2 A3, 10, 60 2 1803-2] WHEA| 7k

w2 3% -Na-MMT(aggregated Na-MMT)2] =7] £-ZZ &
FAH(scale)ys F=Fet 333t W| 7 (Olympus, Bx-60)0.2 #-3
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(x50)8FA T}, =3 Zhzhe] WHEAIZE Fof] %] -Na-MMTS
falcon tube®ll &7 HiL 4A3E2](5000 rpm, 153)gH F-o]
105 °C°ﬂ/‘1 2477F Bt st 71x2E -3 -Na-MMT
£ U=EA7|(LS Particle Size Analyzer, Beckman Coulter)
2 742 JEHE TP, SHE S5 -Na-MMTE] 7]
XS 722 Na-MMTO| AR AE =33t

= 4 SE-Na-MMTe| AZISPHEE &
B AZtEl MMT Z&o| M=t = H AAEM. Na-MMT
2 =29 F3871x2A AR ALolM 200 ppmeE Wk 2
skt S5 Foll S5E Na-MMTE 9412 (5000 rpm,
15)ste] 8rE AlASL, 3 ANESS, APS TEE Al
93} Lee 52216 WlHo) wabA Table 13 72-& 5.0-A-3-20
ol 707 v} o] APSE /| Este] Aeks MMT 7
&2 AR 2ok, 80% viv ol eS8 40 mLo|
APS 2.0 g(5.0% W) —‘.E—?:} 350 °CollA 208 FoF &aﬂ g2

WHEAIZ] Zof| | 83 APS €99 SHE Na-MMTE <
Il 50 °CollA] 3AI7F B3t RESAIZ] T, Agts} /1 EE 3

O

H-Na-MMTE &3} MMT <)E 5000 ppm o2 155 52t
daEEsle] 23 Holsle 0 2 Rke e &

2 52 APSe] AAE 218 80% eS8 30 mL
2 29353 155 E9F 200 pmOE Wk A1F Fof A5
2)3tal S-S Wi g4l des MMT &S
105 °ColA] 24X17F BF AZRAATE o]e} 7o) Az H
3} MMT H&9] %, Folewdtsd, 7984 9 585
T4 545 MMT 2 Na-MMT®] 7359} 2= wpo g i
A5 ek. B8 Al xE A@sl MMT &l tdh Yaia]

Fasiact. e, 212 $HFA §lo]l Na-MMTS
Lo 5 0A-3 202] ZAoA ATstH Na-MMTS] 4= %
ARAS 3Gl Td A Na-MMTS] 2l2ks} H]-_‘oﬂ/ﬂ
S.J a-MMT] APS S7Md< (intercalation) 3 Agks} Qt
o o] HASHE Na-MMTe| 57044 F71e) w83
Zsf = %— v (exfoliation) 5°l 2|3k A &3 MMT
%9 JM—E— 2387] §18ted, e APS Aesl =1 5
oﬂ*ﬂ A3} vkg doll APSE &3] 2 wHA7E AITHS
602 03_%}61 AT} HSAITHS 2A 7O 2 whEgh
Table 137+ 2+ 5.0-A-2-602] =7 3lollA] APS 7R3 A

Ho my m[o

: ) 010
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Table 1. Experimental Condition of APS Silanization for the Modification Process of Na-MMT or Aggregated Na-MMT at 50 °C

in This Study

Experiment APS-stirring period prior to APS concentration ~ APS-MMT reaction period MMT concentration
identification APS-MMT reaction (min) (% w/v) at 50 °C (h) (% wiv)
5.0-A-3-20 20 3.0 50
5.0-A-2-60 60 2.0 '

*Each experimental identification is composed of APS concentration(% w/v), symbol of APS, reaction period (h), stirring period (min) in order.

3} MMT & 3 tha=Tel S5 slo] A3k Na-MMT
£ 2zt Alxstar, Z47te] e 3 A4S stk

AT EM. MMT, Na-MMT & 433} Na-MMT, % $-3
Na-MMT & 273} MMT H<9] 71124 =S 47
Z=FA7)(LS Particle Size Analyzer 13 320, Beckman
Coulter)5 AHg-ste stk

20|21 EH52(CEC) 4. MMT, Na-MMT 2 A &3}
MMT H&e] ol 2w 858 (cation exchange capacity)yS
gat7] floted dRU% JERS ARSISITE 100 mL AH2t
ZeknTo] AlE 5¢2 ¥ 1N NH,0Ac &9 50 mLE 7}
gk & 30 & NS 2 Fo xI”e] Ed A EE
100 mL Hle]Ad &A pHE &4 4 A7 B3]
=431a, 4% pHE 2 (1)oll tYste] Al5e] ol

©

CEC(meq/100g) = (measured pH — Base pH) x 22 )

where CEC(meq/100g) =Ca"™" + Mg +K'+Na"+H"

WY SMEA. MMT, Na-MMT % &3} MMT 3
595 2RI Sl e v
ol Rtk MRS 105 °CAlA 24r17F Fe Axd &
o 100mL W= AL A5 20g8 FIsAT Fdel

= .
2| Foll 4FHs WEar oF AT A2 AR Fo] BEE
Algol disl W& A3} L, 25 mL S/RTE B> 7
o2 w2y F39] 25 m/KA F75E Yt 7Y

o g2 FFT FH(1)E ST Tl gRte] Fo9uE
E((V=V)I)*x100(%))yS ALttt

TEETM BN MMT, Na-MMT % A3} MMT <
o] A SAS gRlsl] flaliAM, AlEE 105 °CollA 24
AIZE B9 AZRAIZ]AL 50 mLe] WA AR 2.0 g
J3I2AT}. 60 °C] AZ2Z7AA 2407F B A% Fof] Al
of FAIW)E SH3ATh 3, 7Ax & 4 E A5
Ze22 5 H|S 2 28T 60 °CoIA 244]7F S0t
FazzlolA AZA R Foll FaEEolA e A2y

o S 1o 0

o ot

AW)E 731, A B TEFTE(W—W)/W,)x100(%))

2 BN, A28t MMT &3 A2slE Na-MMTS] 2
, B4, 44, 3H(NCHS) 2 4F2~ 0yl thgh dakaSs 9
22971 (Flash 2000, ThermoFisher)& ARE-8to] 34311t}

FTIR 4. Aats} MMT <3 A@stE Na-MMTe] 8}
8% 522 Fourier transform infrared spectroscopy(FTIR,
Perkin-Elmer Frontier)E ©]-8-3}% Na-MMTS} v #-A43}
ATH.

XRD 24, o8] z7dolA 742t detske Awst MMT 7Y
57 Na-MMT 7 9-¢} H|w3t= X-Ray diffractometer
(XRD) 4] (Rigakw/D Max-2500)2 40 KV 2 200 mA2] %
AolA Cu-KoA (- 1.54059 A)e 2 S &kiTh.

TGA/DTA M, A&} MMT <] APS A eksihgo
oJsle] =9F APS &2 thermogravimetric analysis(TGA)
(TA instrument, Q500)2} =2 T3-7}Q] derivative thermograms
(DTGYE ©l83l] Na-MMT 7455 75502 JgHo= &
A3A T TGA 4 27 HAaZA 2ol A FH
800 °C7}A] 10 °C/minS. 2 52313t}

SEM 4. Na-MMT, A 2ts}E Na-MMT, A28} MMT
e, stolHe|E Wl dol AT E (a) Y slo|H = W
TR EO}AZE (b)2] SEM 4] (SU8220, HitachiyS 73 5ke],
Na-MMT9| d&tsto] o3t Jelj= 5493 detst MMT Y
&, sfolBe= Wl ol ~EE(a) 2 (b)e] FEIA 54 &
< AT

Slo|E2|E S BV HIIE Slo|22|=E WIfEorA
EE(b) M=. Lee 537 2o, 150 °CellA] 521 of=ZE, 3}
2h i 7HA] 2 /A IRAIRA A SBSE /oI ES)
L5778 847 staL, 7[ek WEAAREA C5Al AirrAE 5
7kste] stolHeE W oA ES] JEPAH QAR §I%)
o} B3t sfo|HE| = W oA ES] T A 84l of
2ZE vl 7k4eA], A8 SBS 2 CSAl AR 718
2L 717 750, 6.8, 13.6 B 4.6% BT ( 100%)= 3}
ATE o]gfdt A Eol|, Lee 5] &3} slojHP= W=
o}ATE (a)9] HA ALl AN (A)(i.e., carbon fiber (2.5%)
& stearic acid-coated CaCO;(2.5%))0lA Hl|olgat-FH &
M giilel], AA-SHEA AR SHSIAL 5.0-A-3-209] =
oM A&slel Sl MMT WeE X383 2474 B)E
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Figure 2. Schematic diagram of preparation procedure of self-repairing hybrid waterproofing polymer-modified asphalt (b) filled with various

fillers including silanized MMT-capsule.

FAgk Fofl 180 °CollA] 2A17F 5 1200 rpm 2 WHFS
A stolBg|= W "ot~ E (b)E Figure 29 22 &
° 2 Az, A4S ZerAol ek 57kEE KS
3211"% Aol W slo|BE|= W dot B E (b)E AME-
g A HEAIZR B A IS, SAIGE E Q18T A
e Tt

EFMEds. slol B = W Aot BE (b)) AlEA
Z 9 BT AES Lee SolM9 71 wigoz X
2 5% T ofEBEA FFESE FYF AGA o
Sk 7}l KS F 4935 140l wlgbr] 4=3)319t). 244
7k oPd A Fol| AT o] 3] Foj e w B8
AlE 71 AAdsta & 1LE FYsted 0.3~0.5 N'mm?e]
WS 3AZE FRE 7EeE ol stolHE|= W ol RE (b)
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MMT % Na-MMT2| S4. MMT % Na-MMT®] Figure
37} 7 vwA e JERYE HolY, Ha YEIAVE
717} 26.44(x35.74) um 2 18.64(£23.71) umo] AT}, wEbA
MMTE %o]2(Na")w 33+ Na-MMTE Table 29+ 2] 30%
Ax Jwr) FolAct. 3, MMT2F Na-MMTS] CEC 3h
Z}z} 84 meq/100 g 2 103.4 meq/100 g, A 7+ 2=t
104.5% 2 4722%%, 55732 2 4.63% B 13.10%
= Table 20 YERN ST

Na-MMT2| S%!. NaCl 5= 2 wytr)7lol] w2 3% -Na-
MMTe] =7] Table 33} ZFo] YERHSITE NaCl &
7F 0 M9 Z9-oll= MMT®| 533}ket edge®] a7t A
2 FAA A3l house of cards A W FA713 25

L=Ray A=
—X =
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Figure 3. Size distribution of MMT measured by particle size analyzer (LS particle size analyzer, Beckman Coulter): (a) MMT; (b) Na-MMT.
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Table 2. Characterization of MMT and Na-MMT

ZRURUOIE &3t 7154 &)

A3 slo|BE|= RPN WLl mE 677

ATSE MMT ZE 54, 5.0-A-3-209] =10 Alxd 4

Description MMT Na-MMT 3} Na-MMTS}, HASHZA AR SHE L 7248 2740
Average size (um) 26.44(35.74)  18.64(x23.71) 2 Agslste] AlxE s MMT &9 Fdd=s A
Cation exchange capacity 84.0 1034 2ol ogt dEA HAHAE Table 494 o] zhzt
(meq/100 g) ‘ ’ 17.03(£15.29) um 2 17.18(x20.49) umo|$JT}. 3HAH, & tE
Water-swelling property (%) 104.5 4722 APS A8} 27(ie, 5.0-A2-60)0.2 A 2% 223} Na-
Water-absorbing property (%) 4.63 13.10 MMTS} 223 MMT <9 FFUss 712880 93t

ol o] E7F & 73Rt & 85 -Na-MMT7} 22
Atk $--Na-MMTe] I7)= wukA ko] Z718te] wahA]
RS20l WHEO Z QI3) shear forcedl &5l 33 S&]2F]
o] A77} AT, wHAIZke] 180%2llxi= THA] Figure
48} 7o) 32.59((+45.02) pm=z A o] #FH T 2
NaCl F%7} 0.05, 0.1 2 0.3 M2 %9l % -Na-MMT
&) =717} 2025 pm FEE AFEYT) ols WL, 2
ol 7o) lEVo|ES] AekEeld 7k pH 7914 NaCl
Tt AROE B8l -15mVve] 27 o 2 S
< 8A5EI9TRs B9l o], NaCl %7} 0.05, 0.1 2 0.3
Mz} Zro] #ZA] o] &7 w7} 71X Debye length7t Zo}4]
o= B3l o] 27k me) AerEld ] AdAAATE ol
71218130tk web B dAolA o] Na-MMTe] 233327
A= NaCl % WHAIZRS ZH2F 0 M 3 18002 A4
aFct.

YE=atA A= Table 49F 2ol 2H2} 29.09(+31.09) pm
25.80(+28.05) ume|ict. o]e} 7ro] Agsl Na-MMTe| B+
YE7H 5.0-A-3-209] =7 A-5ole d&3 98 A Na-
MMTE] HFUES 18.64(x23.71) umé}t BHAJ =277} A
o] "3} o, 5.0-A-2-602] =71 ol = ATl Na-
MMT®| H#4E=2717F B ARk o]k APS d&st =
Z(ie., 5.0-A-2-60)2] 75l A} Na-MMTe| B+ ==
717} B AR o=, APS @3} vk ze] gajr7te] A
Aol w2 APS &8 H Aol o BWolA| AL, APS ATs)
whex]7ko] goldol W APSS] Na-MMT Z7H3Fol| 9
&t = ] HohE Na-MMT ZHA APS L8] e] &3
9 Agkspyt wAyste] AeslE Na-MMT Ake] §30] o
WS wlol2la s E Rt Lee 527 B A9 Na-
MMT7}, &2 el A] ARS-El MMTS] XRD #3543}, 2}
A2 Na-MMT H= A2 Ca-MMTeA 7HE ¥ Na-
MMTE] 3= E4E& Aol 7HA, & Ao ARl MMT

Table 3. Size Distribution of Aggregated Na-MMT Stirred for Various Time at 200 rpm in 80% Ethanol-aqueous Solution Added

with Various Concentration of NaCl

(unit: pm)
Stiring tme NaCl concentration oM 005 M 0.1 M 03 M
10 min 32.92(£35.74) 23.37(+40.21) 19.77(£24.45) 13.98(+18.22)
60 min 23.84(£27.74) 18.07(x£17.20) 16,60(x15.89) 26.52(£30.15)
180 min 32.59(+45.02) 18.34(£22.95) 16.26(=16.01) 25.24(+28.80)
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Figure 4. Aggregates of Na-MMT stirred at 200 rpm for 180 min without any dissolved electrolyte such as NaCl: (a) observation by light
microscopy (x50); (b) size distribution measured by particle size analyzer (LS particle size analyzer, Beckman Coulter).
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Table 4. Average Size of Silanized MMT-capsule and Silanized
Na-MMT Prepared under the Experimental Conditions of
5.0-A-3-20 and 5.0-A-2-60

(unit: um)
Silanized MMT-capsule Silanized Na-MMT
5.0-A-3-20 5.0-A-2-60 5.0-A-3-20 5.0-A-2-60

17.18(+20.49)  25.80(+28.05) 17.03(15.29) 29.09(+31.09)

o} 2idfe = ARG Ca-MMTEYE 718E Na-MMT
o] BALRQI 20 wEolA 22t FojA9) FuAE 7RIth
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Zox] ol wEha AHTE (dy)°] S7HHS BT
m27EA 2 APS 7H 2 ¥ Na-MMTE Reshimi and Sugunan
9] Hae} 7ol 7Yyt 73Ast £33 9 APS 7] 23]
dzo 7 A AAFE FIAE 7RIt BaEioh?
Lee 522 APS 7HZ ¥ Na-MMT2] XRD #4]& 53fo], 4
&3} sl ofste] AE Fu=9 20 Fholl mE AHHA
(doPF 93 7ie= 1) Ags} WEgA] 7] 2A17 M= 2+
7} #HAa 9 FHlo|gl o, Ags) wh-gA|7te] ARHA 2zt
7t 2 293 2) APS A @3} uke Ao gafa]7to]
2020l ME ZH2E HA F FHojo|l o, galAke] 60
ool Zhzh o B aetdvia B skt webA Na-
MMTE] APS A @slollA, Akl wh-g-A]7ko] 241 7kR T} 7
A4S L= APS ATs) vhg o] g3|AIZke] 2058 H T A
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Y=ol & uig] Tel ot 2 g9] HAE st
sk, 3 -Na-MMTS A #slst dekst MMT <9 3
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Table 5. Element Analysis (N, C, H, S and O) of Silanized
MMT-capsule and Silanized Na-MMT (control) Prepared under
the Experimental Conditions of 5.0-A-3-20 and 5.0-A-2-60

Description Silanized Silanized Na-MMT
MMT-capsule (control)
Element 5.0-A-3-20 5.0-A-2-60 5.0-A-3-20 5.0-A-2-60
N(%0) 1.346 1.575 1.527 1.718
C(%) 3.911 4.619 4331 4.929
H(%) 1.389 1.546 1.457 1.568
S(%) 0.000 0.000 0.000 0.000
O(%) 3.734 3.939 3.982 3.886
THRR7E SISO E Betal, 5.0-A-3-207 5.0-A-2-
60°] =7olX = A3} Aol APS A3} vEg- 419
S A1 7R T APSS] Na-MMT M S 2 Q13 A ehs)

s

T A& 78 At = & vl 52 Aol oA
Pl & APS Nt A ol g AFs)
MMT 7&2] spo|x Bsla, Adst MMT &2 34
= AAo} gio] AAFA A Table 54 Thast 2Fo] &
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3} MMT &2 F2(%) ¥l oF 1.1350] 3 B2x(%) Y2
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Figure S. FTIR spectra of Na-MMT (solid line), silanized MMT capsules (dashed line) and silanized Na-MMT (dotted line) at the exper-
imental conditions of 5.0-A-3-20 and 5.0-A-2-60, respectively: (a) full spectra; (b) locally magnified spectra.
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Table 6. Characterization of Silanized MMT-capsule
Silanized MMT capsule

Description

Cation exchange capacity

(meq/100g) 103.4
Water-swelling property (%) 118.5
Water-absorbing property (%) 6.24

730l =EH o] FFE 2 S0l 71U e <
sto] WapiAe] o] the AR aavt Ho=

At ol g WriAe] A ek AR a7t
W] EAAMEA AeskE Na-MMT7| obd o] a9
A3 MMT &S 288t olfoltt. ole} -2 A
ek AR A 3 A @3 MMT <] 449 o)
BjE B HolABE (b)) FrARE TS Bk A
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Figure 6. XRD spectra of Na-MMT (solid line) and MMT capsules
silanized at the experimental conditions of 5.0-A-3-20 (dashed line)
and 5.0-A-2-60 (dotted Ine) respectively.
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Figure 7. (a) TGA; (b) DTA of Na-MMT (solid line) and MMT capsules silanized at the experimental conditions of 5.0-A-3-20 (dashed line).
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Figure 8. SEM image of various fillers, hybrid waterproofing polymer-modified asphalt (a) and (b): (a) Na-MMT; (b) Na-MMT silanized
by the condition of 5.0-A-3-20; (¢) MMT capsule silanized by the condition of 5.0-A-3-20; (d) magnified image of dotted circle of silanized
MMT-capsule in (c); () carbon fiber; (f) stearic acid-coated CaCOs; (g) hybrid waterproofing polymer-modified asphalt (a); (h) hybrid water-
proofing polymer-modified asphalt (b).

Table 7. Characterization of Modified Water-proof Asphalt Property

Tensile strength Elongation at break Tearing strength

Modified water-proof asphalt (N/mm?) (%) (N/mm) Remarks
Basic composition 0.46 (+0.0274) 2642 (£15.81) 1.95 (+0.0707) Zf:;tmai Stgesr;%it?fywl‘fss‘; g‘;}llfffg
Vi-‘{grr_igrgglfe;‘;ﬁi?j‘ﬁ 0.60 (0.0487) 2532 (+£88.76) 3.07 (£0.1922) Reﬂ;‘lﬁ“’gﬁ‘:ﬁé’;ﬁyﬁjtl 1"
Hybrid filler modified 0.58 (£0.0455) 2413 (424.56) 291 (£0.1580) Requirements of KS F 3211'

water-proof asphalt(b) were satisfactorily met.

*Hybrid filler modified water-proof asphalt (a) and (b) contain hybrid fillers of 2.5% carbon fiber and 2.5% stearic acid-coated CaCO;, and hybrid
fillers of 2.5% carbon fiber and MMT capsule silanized by the condition of 5.0-A-3-20, respectively.
*KS F 3211" requires that tensile strength, elongation at break and tearing strength exceed 0.3 N/mm?, 600% and 2.9 N/mm, respectively.
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