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Hydrothermal Stability and Ion Exchange of Ultrastable MCM-41:
¥xe NMR, ®Si MAS NMR and Powder X-ray Diffraction
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Department of Chemistry, KAIST

Introduction

The discovery of a new family of mesoporous molecular sieves designated as
MCM-41 was reported by researchers at the Mobil Corporation in 1992  The
MCM-41 material consists of a uniform hexagonal array of linear channels
constructed with a silica matrix like a honeycomb. The channel diameter can be
tailored within the range of 1.6 - 10 nm by choosing the surfactant as a template.
Due to the much larger pore diameters than those of conventional zeolites (< 1.3
nm), the MCM-41 material attracts much attention as a new host for large molecules
as well as a new catalytic material®  However, the practical application of the
MCM-41 seems to be limited by the synthesis difficulty, weak stability and lack of
ion exchange capacity of the material.

Recently, Ryoo and Kim have reported that the textural uniformity and thermal
stability of MCM-41 was markedly improved by repeating NaOH neutralization with
acetic acid during  hydrothermal reaction of sodium  silicate  and
hexadecyltrimethylammonium (HTA) chloride.* Futhermore, when calcium and
yttrium were ion exchanged cnto an aluminosilicate MCM-41 (AIMCM-41) sample
synthesized likewise with repeating NaOH neutralization, the AIMCM-41 could be
heated to 1170 K in O, flow with water vapor before structure collapsed seriously.’

In the present work, hydrothermal stability of MCM-41 materials in aqueous
solutions of acid, base and salt has been investigated by powder X-ray diffraction
(XRD) method, BET specific surface area measurement and ®Si MAS NMR
spectroscopy. The ion exchanged AIMCM-41 has been studied using 5Xe NMR
spectroscopy and AHags of xenon, in order to probe the presence of the ions inside
the AIMCM-41 channel.

Experimental

MCM-41 materials were obtained by hydrothermal synthesis using the procedure of
Kim et al’ The gel composition for the synthesis of a pure-silica MCM-41 was 6
SiO; : 1 HTAC! : 0.15 (NH4:0 : 1.5 Na,O : 250 H;O, and for the synthesis of
AIMCM-41, 6 SiO; : 0.1 Al;Os : 1 HTACI : 025 dodecyltrimethylammonium
bromide : 0.25 tetrapropylammonium bromide : 0.15 (NH;)O : 1.5 Na;O : 300 H;O.
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Figure 1. XRD patterns of MCM-41 materials
after slurring in doubly distilled water for 12
h at 373 K: (a) AIMCM41 synthesized with
NaOH neutralization, (b) AIMCM-41
synthesized without NaOH neutralization, (c)
pure-silica MCM-41 synthesized with NaOH
neutralization and (d) pure-silica MCM41
without NaOH neutralization.
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distilled water for 12 h at 373 K. The XRD patterns in Figure 1(a) and (c) consist
of one very intense line and three weak lines, which are indexed to (100), (110),
(200) and (210) diffraction lines characteristic of a hexagonal structure of MCM-41,
respectively. The XRD lines for the MCM-41 materials synthesized without NaOH
neutralization in Figure 1(b) and (d) are severly broadened due to a loss in the
textural uniformity upon the hydrolysis of Si-O-Si bond in water. This is confirmed
by *Si MAS NMR spectra. The spectra indicate that the ratio between Si(-OSi-);O0H
and Si(-OSi-); tetrahedral silicon atoms ((Qs/Qs) increases after slurring in water at
373 K for the MCM-41 synthesized without NaOH npeutralization considerably
compared with as-calcined sample, while the @s/Q: silicon ratio for the sample
synthesized with NaOH neutralization is not affected by the hydrothermal treatment.
The NMR spectra indicate that the Si-O-Si bond in MCM-41 synthesized without
NaOH neutralization is easily hydrolyzed by water. The XRD patterns show that the
structure of AIMCM-41 is not affected by the concentration of Na' ion in water and
stable in the range of pH 1 - 10.

The ion exchange of AIMCM-41 can be confirmed by reversible uptakes of sodium
and potassium when the AIMCM-41 sample is subjected to “surry-filtration-wash”
cycles using NaNO; and KNOs solutions in turn. Assuming that the ion exchange
occurs with a monovalent metal ion per tetrahedral aluminum site, the results with
NajAl and K/Al in Table 1 suggest that approximately 40% of the total aluminum
atoms in the calcined AIMCM-41 are tetrahedrally coordinated within framework.

The chemical shift of the xenon is plotted against the xenon pressure in Figure 2.
The '®Xe NMR chemical shift for the Na'-exchanged AIMCM-41 is almost
independent of xenmon pressure changes. However, the chemical shift for the
Ca’-exchanged AIMCM-41 is much larger than the chemical shift for the
Na'-exchanged AIMCM-41. The chemical shift difference at the same pressure
increases as xenon pressure decreases. The chemical shift increase for the
Ca’*-exchanged AIMCM-41 against the pressure decrease is very similar to that for
Ca®’-exchanged Y zeolite which has been attributed to strong adsorption of xenon on
Ca” ions located inside the supercage.’ The heat of adsorption of xemon on the
Ca”-exchanged AIMCM-41 at 296 K confirms strong adsorption of xenon on Ca”
inside the AIMCM-41 channel.

In conclusion, the MCM-41 materials synthesized with NaOH neutralization during
the hydrothermal reaction have much better hydrothermal stability in water than the
sample synthesized without NaOH neutralization. The high quality AIMCM-41 has a
significant ion exchange capacity. = Good hydrothermal stability and high ion
exchange capacity of MCM-41 suggest that the material can be very useful for
supporting catalytic active sites.
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Tablel. Effect of Seed crystal and acetone to the synthesized ZSM-5 crystal

Sample Seed Ac.e.ton/ Product (‘Zrystal Si0; Su;'face Crys’tallizatio

Silica size(ym) /ALOs Area(m’/g)(BET) n time(hr)
A - - ZSM-5 6.0 70 189 40
B® - - H-ZSM-5 03 50 420 -
c® - - NaZSM-5 30 68 291 -
D B 0.7 ZSM-5 19 52 345 3
E C 0.7 ZSM-5 4.0 50 220 12
F C - ZSM-5 50 50 195 12

@ from PQ Co., ® from DuFont Co.
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