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ABSTRACT : A series of organophilic montmorillonites (MMTs) modified with various alkyl siloxane amine
oligomer groups have been synthesized and their properties were investigated. New organophilic MMTs
containing siloxane amine oligomers with alkyl group instead of conventional alkyl amines were synthesized to
improve thermal stability as well as gallery spacing. The organophilic MMTs were synthesized from MMT by
utilizing the siloxane amine oligomers with various alkyl groups in the water/dioxane solution, which was
performed without aq. HCIl. Thermal decomposition temperature, gallery spacing, and hydrophobicity of
synthesized organophilic MMTs were investigated. X-ray diffraction and TEM experiment results on new
organophilic MMTs demonstrated that introduction of siloxane amine oligomers increased d-spacing between
silicate layers. The decomposition temperatures of new organophilic MMTs measured by TGA was remarkably

improved above 200 C as compared with those of conventional alkyl substituted organophilic MMTs.

Keywords ' organophilic montmorillonite, decomposition temperature, siloxane amine oligomer, d-spacing,

intercalation.
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Scheme 1. Synthesis of organophilic montmorillonite.
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Scheme 2. Alkylation of siloxane amine oligomer.
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2. A

AMu. 2HEelo| EA FA4F AEAI]EQ] MMT+ Sou-
thern Clay Product*HUSA)2] Cloisite Na (Na-MMT)E- A}
gotglon] ICP-MSE o) st 54T ol & wh
“&[Cation Exchange Capacity(CEC)]<> 187 meq/100g°] it}
= dFolAE Na-MMTE] 71315 #Jste] AZFAk o}
" &¥]32w <l KF-8004 (ShinetsuA}, o}2l @==1600
g/mol)E ARE3}g 0w, KF-80040] &2171S =4lsl7] )
gk AF G3bE F- =425 acetyl chloride(Aldrich, 98%),
decanoyl chloride(Aldrich, 98%), myristoyl chloride (Aldrich,
97%), palmitoyl chloride(Aldrich, 98%), oleoryl chloride
(Aldrich, 85%)E& AR&-3t3low, AA AAe AR A &
A g ® ARg-skglch

AFA S ATAle| B Az,

MMT-PSIOMMMT modified with siloxane amine
oligomer)2] Az : wil7], L=AP} F2H= 2000 mLo]
HkS-7]of) 260 mLe] t]&-ARS @i, 3.45 g (9.45 %107 mol)
9] 35% HCl =& % 302 g (9.45%107 mol) £ KF-
80045 H71gF &, Whe7]e] £X5 25~30 CE A3}

Ee2|H, A27¢@ A2%, 20034
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Atk o719l 380 mLe] & 250 mLo| t&Ake] =4
< 7H &3 Al E4FAZ] 20 g (187 meq/100g)<]
Na-MMTE 41A438] A71gE & AGs1A| wrkslgich 3
AR AY=S =7 oSk E3F $AZ = A9 A
23k 3, oAFste] WF x4 2t Axske A4
A Z7] 2A(MMT-PSiO)E A|z3}4ich

MMT-PSiO-AC(MMT modified with siloxane
oligomer containing acetyl group)?] A% : wHl7]
2 2w A7F B2kE 1000 mLe] ¥HS-7]o 400 mLe] T
S Y AFAE ofnl &2 (KF-8004) 112 g
(0.035 mol)= &gk ¥, Hhg7]9 255 25~30 C=
FABFEA 1417 B2k wRkslgie) o 7]ed 5.5 ¢(0.07
mol)9] olNE FERo|=F HUIFE F 2417 T 1
Hkslo] olAE 7|7} A 3kEl AEAl olul S|l
PSIO-ACE A3}t o]o] A 18.7 g(189 meq/100g)2]
Na-MMTE 500 mLo] /5ol +4HAZ] %, 400 mL2]
taks 93 3AIZF ok A8kt of 7)o kA A
Z3F PSIO-AC7} &35 o34F 89 400 mLE 917, 1
17F &<t AEsA anlskgich AAdd AdEs U
Akl SRR A RS 3 qaste] Y HAx
oA st Axste] A4 771 2AHMMT-PSIO- AC)
£ Azt

MMT-PSiO-DC(MMT modified with siloxane
oligomer containing decanoyl group)?] A& : i
vk7] @ Lx A7 2= 1000 mLe] BRE-7]ol] 400 mL
o] g&AE Y AFAF ofnl &2 9(KF-8004) 112
g (0.035 moly= 3|8k &, Wh57]e] 25F 25~30 C
o7 FABFEA 14]7F F3F mHkslelc) of 7)ol 133 ¢
(007 mol)e] ©l7lxe FEelo|=E H7}sk 3 2X7F
e wilele Hrledr)rt 2 3= AEA ol &
212 ¢l PSiO-DCE A|x3stgth o]o]A 18.7 g(189
meq/1002)2] Na-MMTE- 500 mL2] FHol B4kA7]
%, 400 mL2] t]EARS W 347 FoF EAkIn) o
7)o okA] A|Z3F PSIO-DC7) 231E t]2AF £ 400
mLE ¥, A2 ¢k AFsA wylelich A=
AEE US4 U SRR 5 A ARG 3 o9
sto] WE Zx7]elA 2t Axste] A4 F7) &
(MMT-PSiO-DC)E A|Z3} ).

MMT-PSiO-MC(MMT modified with siloxane
oligomer containing myristoyl group)?] A& : 1w
w7 W 2w A7E 2k 1000 mLe] ¥Re-7]ol 400 mL
o] tgAks W AEAE ol &2 (KF-8004) 112
g (0.035 mol)& §3lgk &, wk3-7]e] &5F 25~30 C
2 FABHEA, 1417 FeF akskglch o 7]el 173 ¢
(0.07 mol)®] w|FAEL FRo|=F HIlgE F 247

>

N
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3 wRksle B AR A7) X3 AEAR ofl &
2l el PSIO-MCS #A|x3}git) o]ojA] 187 g (189
meq/1002)2] Na-MMTZE 500 mLe] S-Fol #4471
%, 400 mL2] T]SARS W 3AI7F F9F #Aksksi) o
7)ol okA] Ax3F PSIO-MC7F €3)= ]S4k £ 400
mLE 93, 1A 59 AEshA wnlskgioh A=
ARES P4k 9l SHSEE 5 Al AlFE 3 o
st Ws Zx7]eA At Axste AR 7] A
(MMT-PSIO-MC) & A|Z=3}5ch
MMT-PSiO-PC(MMT modified with siloxane
oligomer containing palmitoyl group)?] A& : &
H7) @ 22 A7 32k 1000 mLe] ¥H5-7]9l 400 mL
o] Y&iE Y AFAF ofgl &2 7(KF-8004) 112
g (0.035 mol)= §3llgk &, wg7]e] £5& 25~30 C
2 FABFEA, 1417 FeF wakskgleh o 7)o 193 ¢
(0.07 mol)®] Fw|E F=Eelo]=F HIIg F 242
e wRkste] Fm|E A7) A3k A4 ol &
2|2l PSIO-PCE A|x3}glth o]o]A] 18.7 g (189
meq/100 g)2] Na-MMTE 500 mL2] FH5of B4kA7]
%, 400 mLe] tHAS Wi 3A17F F3k EAbekgich
o17]e] kA Az PSIO-PC7} &€ HSak &
400 mLE €3, 1AZF 52k AHsHA] ankslgich A
H AHES PS54 9 SFRFE 5 A A-ES F
st} Y ZAxr|A e Azt AR 771
2 A)(MMT-PSiO-PC) & A|x3}F3 T}
MMT-PSiO-OC(MMT modified with siloxane
oligomer containing oleoryl group)? A% : wwl
7] B L= A7} 225 1000 mLe] ¥HS-7]¢] 400 mL<]
HEake Wi ASAE oftl &AL (KF-8004) 112 g
(0.035 mol)= &3lgk &, ¥hg7]9 255 25~30 CT=
FrABE A, 1A17F 52k wRkskeln) o 7]e 21.1 g (0.07
mol)®] ¥ FR|=E HIIRE T 2A7F F3
oyl FEled 7|7t X|3hkEl ASEAE oful Eam
3] PSIO-OCE A|x3}git) o]o]A] 18.7 g (189 meq/100
2)%] Na-MMTE 500 mL®| 575l #4701 F, 400
mLe] YFiE Y 3AI7F F3F ARG 7]
kA AZ3F PSIO-0C7F &-3% o SA4F &9 400 mLE
Y, A7 5 A5 wateigich AAE A

& U4 9 RS 5 AW AHD T Al

(<3

(MMT-PSiO-0C)E A|Z=3}%t}.

AFA MMTE Fx 4. At 74 MMT
TE 4L FT-IR spectroscopy 2 A4S 53
gelstglt. A4 MMTS] 24 4
strument TGA 2950)5 ©]-8-3}] A4 7|5 3lof|A 10 T

(o5}
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min' ] £E2 $23p ZA3ch XA A =
<2 CuKa radiation (A=1.5405 nm)°] X.z2+=] D8-Discover
XRD with GADDS(Bruker)E ©]-83} 4lt}k TEM &
sample embedding A|2fS ARE-3le] e Yo @2
5, 2447 F2F 60 TR F¥E - NOVA ultrami-
crotome= ©]83} FA7F 2F 70~100 nm EF| =5 1}
< 7H=¢] Philips CM-30 Transmission Electron Microscope
2 AEstel BEAYG S8 58S B ATHAA
A 58 FoE 24 AUE ASegon, 5
A 12417 AT Ax F AR FAL} E3l5TT
Slol|l A 244]17F Al A WA3E A 5] FAAE )&
sl A8kt

™

3. 29 9 EE

2 ApelAE Aol = MMTS H]=4 LEAe)
o FEAL FHA7] A% ATEA DA} AR
2 ABA oftl $Yv] TEE NeMMTS| 25 o] &
3} opolg IO L cleFd T ARA MMTE

Transmittance (%)
3
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Figure 1. FT-IR spectra of organophilic montmorillonites. (a)
MMT-PSiO and (b) MMT-PSiO-AC.
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2 FT-IR spectroscopy %! AEA-S 53)] &alslich
Figure 1°]] A4k oful &2 31 7(KF-8004)7} =41=l
4 MMTSl MMT-PSiO®} o}AE7] gy AZFAF ofrl
2 um7} 98 A84 MMTQ MMT-PSiO-ACS)
FT-IR spectroscopys =A|3}FIT}. Figure 1914 & 4= )
Zo] AZAF ol P umrt dREH FelE =9
= MMT-PSiO2] 7% 2996 cm'ol|A4]2] CHy7|23-E] 7]
91%] C-H stretching band ¥ 1263, 1094 cm” 2] -Si-O
stretching band”7} 2o 2x] AZAE ofjul &2|H
(KF-8004)7F MMT Wol] == 35°] =3k =
g oM7) A3 AFAE ofnl Sy} GRE
o] Fej2 =915 MMT-PSIO-ACS] ASol= A7) &
Fu] o] 9ol 1640~1650 em™ |4 e] Fulr} A o
2 amide”|Z A2 oMNEIE E3el= AEAL of
ql 2297} MMT Wioll == 95 80 57}
RSt

2)3HE 4. 2 Aol Alxd 54 MMTE A
352 ICP-MS ¥ AAadAE o]&3te] AA3SITh
%, ICP-MS 4] 23}, £ A4 AFE-3 Na-MMT2)
Na 3FS 43% o]glon o)X E #4kEl Na-MMT9)
oFol 2352 187 meq/100 g Qo] Fel=E it &F
ol 23 4717 Ff AFAF ol LE|uwe A3&

Table 1. Synthetic Results of Organophilic-MMTs

EA for carbon(%)
organophilic . acid degree of
amine . value value .
MMT chloride calculated  found substitution
%)
Na-MMT - - 0 0 -
MMT-C, :;’ES;% 255 256 ~100
. KF-8004
MMTPSO o omal 300 271 903
MMTPSIOAC  KE8004 2 303 295 gog
chloride
MMTPSODC  KEs0o4 S a0 a03 grg
chloride
MMTPSOMC  KEsoos ™S om0 s g0
chloride
MMTPSIO-PC  KE-sop4  PHTHOYE 06 g60
chloride
MMTPSI0-0C  KFg0o4 %M g gy 93.1
chloride

Ee2|H, A27¢@ A2%, 20034
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< daiAe o3 Fldgrk & AFolA+= Na-
MMT2] &F o]&o°] 100% =34 7S i Ax
o] o]&2Ql F=F ul AFAR FHE v|aste] 2A
stgiom, 7 AFE Table 19 AE]3}H ) Table 1904
BoFRo] 47| i AZAl ojul Eejume] X35
2 89.8~96.0%2A HATFo] ZHe MMT-C) Bl o
ro} vl =2 A3ES Yehgick
213719 Fz9 57+ A (gallery spacing)2}e]
WA B4, 2 QroA Alxg AHA MMTS MMT-
PSiO, MMT-PSiO-AC, MMT-PSiO-DC, MMT-PSiO-MC,
MMT-PSiO-PC % MMT-PSiO-0C2] =7} 78 X-Al
314 sij'l 9 TEME ©]&3}e Eelslgon, 7]Ee
RuE vl 9= 54 MMTS MMT-C\et L 23=
H|i3}e] Table 20 AE3lglch &, & AFolA A=
g A4 4 771 2419 S A== 30~100 A
Helell gller A delnlgde] =45 71 A
4 A 71 &A1 MMT-Cieoll w3l dA3] 57}
+7F DA Figure 20+ #Alg]Alo}
ulde] =45 AFA4 S4 771 240 MMT-Cy 2
1 2] 70 KF-80047F £91% MMT-PSiO2]
TEM #Z A3E = A3 =, Figure 204 BoF%
o] x| deln]l 2 oAl EAREFe] 2 AZAE oful
<Y umrt =05 wel A4 MMTL 57 AF
=33 AdA 64 ACR TA Z|ele AE HoF
ek 3 Figure 30l $727] - AFAF ofnl 22
297} £91% MMT-PSIO-AC & MMT-PSiO-OC2] TEM
HE AAE =BG E vl oHE7I7F =905 MMT-
PSiO-ACS] 7% 57 A+E 84 A AEZA MMT-

Table 2. Characteristic Evaluation of Organophilic-
MMTs according to Length of Alkyl Chain in Silox-
ane Amine Oligomer

. e gallery waler ht MDT
modified MMTs  26(°) spacing (A)° abS(()or/(t)))ztnce €0 (0
Na-MMT 74 (11.9)° 18.7 - -

MMT- Cg 32 33(27.9)° 77 ~200 250

MMT-PSiO  N.D.’ 64 5.1 336 513
MMT-PSIO-AC 14  84(64.0)° 2.1 352 517
MMT-PSiO-DC  N.D. ~100 22 364 522
MMT-PSiO-MC ~ N.D. ~100 25 344 517
MMT-PSiO-PC  N.D. ~100 32 348 526
MMT-PSiO-OC  N.D.  exfoliation 34 364 535

“Measured by XRD. * N.D.: not detected. ¢ Determined by TEM.
“Gallery spacing : measured by XRD. “weighed at 100 % humidity
affer 24 h. /IDT(initial decomposition temperature) : determined by
TGA. *MDT(maximum decomposition temperature) : determined by
TGA.

Eg|H, A274d Al2Z, 20034
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il

33A

64A

(b)

Figure 2. Comparison of gallery spacing of organophilic mont-
morillonite determined by TEM. (a) Na-MMT and (b) MMT-
PsiO.

PSiO°] AR} tii FUlslglewn, 47l7] 23H7]9]
gart Sk Wt S Ae A4 Fo1Ee
7} &27F 1870Q1 MMT-PSIO-0Ce] 7§ 57+ 7%
7} AR A= ARE YER ik

WEA 7k 2 dFelA AxgE AR4 MMTY Y
242 TGAE o|&3le H7lslglon, x3r]e +x
o} Gl AsHe] ARAAE AT Figure 491
EAER ] A ofulgd o] |3 MMT-Cy
g, 200 C o]3le] 2= oA dEs=Es FAS B
Aot vbH, AZAL ofnl gE|awde] 3=l
MMT-PSiO2] 739 A3l 7 A% (initial decomposition
temperature) 7} 25 300 C oJA o2 A] v-$- 3 4
SFAAS YeRY ) Figure 591& §-71717F 2|3k5 A]
ok2 Na-MMT<} MMT-PSiO % o}Ael7] 35 A=A}
olul gejaw el xgx MMT-PSIO-AC] d&3l A
&= AABFST) Figure 594 & 5= Sl=e] 17171 7+
z7} 295 A ok Na-MMT2] 7%, 100 C ©]3s}2
LA 1 el 7I/lsE 27] EIE 2yl
600 C o4 &xo4 Na-MMT2} 233l oldd 4=

ASAF ol $eF] T2 S AH4 BRAZU]E 139
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84 A

(b)

Figure 3. Comparison of gallery spacing of organophilic mont-
morillonite determined by TEM. (a) MMT-PSiO-AC and (b)
MMT-PSiO-OC.

o] W=l oJg A A R4k

Ak ol EEjym Fx7t =4) ﬂ%@, MMT<l MMT-
PSiO % MMT-PSiO-AC<] Pr o] 5
o} vl IR R 2 AR AR #19)

& AAEEE 250~350 Co] Wl AFS & =
Alek o9} e A7 A= T =7 A I
IR FAL 7 A MMTE dE&) WA 2x7)
150~200 C Axal= 2 Jgele] A5 J7 Axie}!
vl & o, debgAde] Ads] AAE A+ AARE
Holx it} w3 MMT-PSiO2} obA|E 77} 3=
MMT- PSIO-A co %%HHE— v w3 2 MMT-PSiO
o] %7] i3 £xE 200~250 C AZEA MMT-
PSiO—AC°ﬂ HlffH ‘;}f ZoflA 37 JHAIE =,
°]%& Na-MMT®} B3-312] ok olgle AFAl &2
] olulg el EAel 7|l ZeR, o] 2% WY
oA olmlgdo] ofulF} HCIZ HsEwA Hol: 37
AR FAH 27]) 488 &5 W Y &5 2
% A MMT-PSIO-AC2] %7} MMT-PSiOo] ®]5) AF
Aoz =2 Fe BAFSET, ol vFA A3

_ﬁ
rﬁ
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g’ 60
S
E
3 40 <
2
4
204
; (b)
0 L) v L) v L) v L) v L) v \J
0 200 400 600 800 1000
Temperature (°C)
(a)
- (a) (b)
o
BN
=
L -
E=
2.
2 ]
2
b
[}
g
L) L) L) L) L) L
0 200 400 600 800 1000

Temperature (°C)
(b)

Figure 4. TGA pyrograms of organophilic montmorillonites. (a)
MMT-C,4 and (b) MMT-PSiO-AC.
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Figure 5. TGA pyrograms of organophilic montmorillonites. (a)
Na-MMT, (b) MMT-PSiO, and (c) MMT-PSiO-AC.
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