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ABSTRACT : Al-pillared montmorillonite was synthesized from Na-saturated montmorillonite which
was prepared by ionic substitution from Ca-montmorillonite of the Jabut mine, Gyeongju City.
d(001), surface areas, and dehydration and ionic substitution properties have been compared for both
Ca-montmorillonite and Al-pillared montmorillonite. d(001) spacings of Ca-montmorillonite and
Al-pillared montmorillonite were 15.1 A and 183 A, respectively. Dehydration took place before
350C in Ca-montmorillonite, whereas linealy up to 550C in Al-pillared montmorillonite. BET
surface areas are 5~6 times larger in Al-pillared montmorillonite (192 m%g) than Camontmorilio-
nite. Ca-montmorilonite shows high selectivity for Na', whereas Al-pillared montmorillonite for
Ca™. The former shows decreasing d(001) spacing with increasing substitution of Na' and irregular
interstratified structure at high substitution of Ca®, whereas the latter shows linear decreasing
pattern in d(001) spacing with increasing Ca’".

Key words : Al-pillared montmorillonite, Ali; cations, basal spacing, BET surface area, thermal
stability, cation selectivity
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Preparation of Al-polymer solution
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Preparation of clay suspension

AI(NO3z)s solution
0.2 M, 250 m/

NaOH solution
0.5 M, 230 m

Na-smectite Deionized watér
59 500 m!

'

Al-polymer solution
(OH/Al = 2.3)

'

1% suspension of
Na-smectite

l stirring overnight

Al-pillared smectite
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l stirring

Centrifuging
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Drying

Fig. 1. Procedure for the synthesis of Al-pillared smectite.
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analysis

Fig. 2. Procedure for the cation exchange experiment.

o] A3 AWH(Bain and Smith, 1987)01]
oe Aol 7hsst, o] W Al-ZtuE
dauelel disje HE4c] gl 7P7Zd
£ F3t sle AL FrEEFEY AL
OH % O o2 o] A &7] dEolct
(Brindley and Sempels, 1977). ZL&]\} & 7]A] Alj;
Szt ol olstel HYHUD © B¥
QzolES TASHE AEAl AE R B
NE 9l golee) #E wusicu AdsE
A1'7}—7%E%§L}°]E-’] TZ24 2[Al3]0.1Caoos
Nao2Koo1(Alrsi TioosFe™*0.38Mgoo (SizesAl3s)020
(OH}ZE AAHgET o] Ao gXiE Al7InER
2 Uo|Ede 92T 0.170¢] 7tu7h EA)
aoe Ae ¢+ Ak



A Ca-BRYZUO|ES} o] 2R AP AL7IREREZYo|EL] B4 vadT

Table 1. X-ray fluorescence analysis of smectites

Original(Ca-) Na-saturated  Al-pillared
smectite smectite smectite
Si0, 50.00 57.10 49.61
ALOs 16.19 19.94 24.76
TiO» 0.17 0.24 0.22
Fe;0s 2.85 3.74 3.29
MgO 3.83 4.41 3.96
MnO 0.05 0.03 0.03
CaO 2.10 0.20 0.30
Na,O 0.05 2.95 0.08
KO 0.05 0.06 0.05
P20s 0.01 0.15 0.15
HO(+) 827 481 6.26
H,O(-) 14.26 5.73 11.53
Total 97.84 99.36 100.24
Cations per unit cell of smectite
(based on 44 negative charge)
Si 7.85 7.66 7.65
Al(IV) 0.15 0.34 0.35
sum 8.00 8.00 8.00
Al(IV) 2.84 2.81 2.81
Ti 0.02 0.02 0.03
Fe’ 0.34 0.38 0.38
Mg 0.90 0.88 091
Mn 0.01 0.00 0.00
sum 4.10 4.10 4.13
Ca 0.35 0.03 0.05
Na 0.02 0.77 0.02
K 0.01 0.01 0.01
Alj3 - - 0.10
sum 0.38 0.81 0.18

The calculation of structural formulae is based on the
assumption that all the ferric iron is situated in the

octahedral sheet. = *total Fe
P xHo| ot Lz}
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Fig. 3. X-ray diffraction patterns of Ca-montmorillonite (A), Na-montmorillonite (B), and Al-pillared mon-

tmorillonite (C).

Table 2. Basal spacings and BET specific surface areas(SSA) of montmorillonites

Basal spacing (A) )
Air-dried 150°C 350°C 550°C SSA(me)
Original(Ca-) 15.1 14.3 10.0 9.80 36
Na-saturated 12.7 9.91 9.75 9.73 35
Al-pillared 183 18.0 17.7 17.3 192
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Table 3. Ca-Na exchange equilibirum data at 25°C for original(Ca-) and Al-pillared montmorillonites

Initial Solution

Equilibrium solution

Adsorbed cation

No. Ca Na [Na] Ca Na Al Ca Na Al
(mmol/ (mmol/ 2[Cal+[Na] (mmol/ (mmol/ (mmoV/ (meql/ (meq/ (mmol/
10 mL) 10 mL) 10 mL) 10 mL) 10 mL) 0.1 g 0.1 g 01 g
SM1 0.496 0.001 0.00 0.490 0.001 - 0.013 0.000 -
SM2 0.403 0.173 0.18 0.393 0.169 - 0.020 0.004 -
SM3 0.302 0.366 0.38 0.302 0.366 - 0.000 0.000 -
SM4 0.205 0.594 0.59 0.206 0.588 - -0.003 0.007 -
SMS 0.104 0.837 0.80 0.111 0.818 - -0.013 0.018 -
SMé 0.000 1.088 1.00 0.024 1.013 - -0.048 0.075 -
ALl 0.496 0.001 0.00 0.484 0.001 0.0041 0.025 -0.001  -0.0041
AL2 0.403 0.173 0.18 0.397 0.174 0.0037 0.013 -0.001  -0.0037
AL3 0.302 0.366 0.38 0.294 0.366 0.0030 0.018 0.000  -0.0030
AlL4 0.205 0.594 0.59 0.202 0.599 0.0027 0.006 -0.005  -0.0027
AL5 0.104 0.837 0.80 0.099 0.832 0.0022 0.009 0.005 -0.0022
AL6 0.000 1.088 1.00 0.001 1.086 0.0013 -0.001 0.002  -0.0013
SM1~SMé6 : original(Ca-rich) montmorilionite
AL1~AL6  : Al-pillared montmoirllonite
NB : negative values signify desorption
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Fig. 4. Amounts of Na' (A) and Ca** (B) adsorbed
by, and Al desorbed (C) from, 0.1 g of mon-
tmorillonite as a function of the equivalent fraction
of Na in the initial solutions.
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