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Controlling Size and Morphology of Zeolite L

A. Z. Ruiz, D. Brithwiler, L.-Q. Dieu and G. Calzaferri

Abstract The synthesis of zeolite L crystals of high purity and well-defined mor-
phology is described. Four procedures are detailed, leading to (a) large elongated
cylindrical crystals, (b) medium-sized disc-shaped crystals, (c) nano-sized crys-
tals, and (d) medium-sized cylindrical-shaped crystals.

Classification

form: crystalline powder

function: molecular sieve, host material for supramolecular organiza-
tion of organic molecules

preparation: hydrothermal synthesis ‘

composition: Ms[AleSir05]n HyO (M=K orNa’)

Introduction

Zeolites are crystalline aluminosilicates featuring defined channels and cavities.[1]
The ability to accommodate various organic and inorganic species while being
transparent in the UV-Vis-NIR makes zeolites ideal host materials for su-
pramolecular organization.[2] In many cases, the confinement of molecules in
zeolites and the catalytic activity of surface adsorption sites lead to interesting
photochemical phenomena not observed in solution.[3]

Zeolite L possesses one-dimensional channels arranged in a hexagonal pattern.
The free diameter of the main channels varies from 7.1 A (narrowest part) to 12.6
A (widest part). The morphology of the crystals can be approximated by a cylin-
der, with the channel entrances located at the base planes. A crystal with a diame-
ter of 550 nm typically consists of about 80°000 parallel channels. High-resolution
electron microscopy has been used to image the surface structures of zeolite L and
to advance the understanding of growth processes and defects.[4] Materials ob-
tained by the inclusion of organic dye molecules into the channels of zeolite L. fea-
ture a variety of intriguing properties, ranging from increased dye stability to
photonic antenna functions and optical anisotropy.[5]
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In most procedures for zeolite synthesis, the gel composition is given as a ratio
of oxides. In order to correctly calculate the required amounts of starting material
from this ratio, one has to take into account that hydroxides can be considered ox-
ides plus water (KOH = Y2 K,O and % H,O, for example). The purity of the start-
ing materials should also be considered, bearing in mind that the water content of
the hydroxides can be quite significant. Our procedure to calculate the amounts of
starting material for a given molar composition

a K;0-b Na,0O—c ALO;—d SiO—e H,O

is as follows. The required amounts of KOH, NaOH, Al(OH);, SiO,, and H,O are:

g Mol - MW, -
Weight, .= hetl KO with Mol =2a
P}\OEI
P Mol - MW, ;
Weight = —220 — "NeOH  with Mol =26
PN:LOH
. Mol -MW,
Weight, gy, = ——oe A0 with Mol gy, = 2¢
PA!(DH)‘ ’
Wcightm,j: Molw2 -MngOZ with Mo]mn =d
Weight ;o = Mol - MW, , with Mol 0 =€

MW designates the respective molecular weights, whereas P represents the pu-
rities. This means that 98 % pure KOH has a Pgoy = 0.98. The total amount of wa-
ter is distributed among the silica suspension and the aluminate solution as fol-
lows:

Weightge, (1- P, )

Weight,, o o, =
050w P Si0,
Weighty; o a0, = Weighty, o — I:Weighﬁ 1,0 si0.susp. + WeEIZh oy (] —Pron )
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1 1
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+§ : Molmmn), i MWI[:(}]
P,

sio, Specifically refers to the SiO; content of the silica suspension.

Materials

e Ludox HS-40 (40 wt.% Si0,), purchased from Aldrich, used as received.
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o Aerosil OX-50 (silica powdet), purchased from Degussa, used as received.

o Aerodisp W 1226 (26 wt.% Si0,), purchased from Degussa, used as received.

e Aluminum hydroxide, purchased from Fluka, purity >99 %, used as received.

e Aluminum powder, purchased from Fluka, purity >99 %, used as received.

s Potassium hydroxide pellets, purchased from Fluka, purity 286 %, used as re-
ceived.

¢ Sodium hydroxide pellets, purchased from Merck, purity >99 %, used as re-
ceived.

o Doubly distilled water (used throughout the synthesis).

s Pressure-tight poly(tetrafluoroethylene) (PTFE) vessel (see ref. 6 for an exam-

ple).

Safety and Disposal

Safety and handling instructions for the chemicals are found in the corresponding
materials safety data sheets (MSDS). The pressure-tight PTFE vessel should be
designed to well withstand the vapor pressure of water at the employed tempera-
tures (at least 175 °C which corresponds to approximately 890 kPa).

Procedures
A. Large Zeolite L Crystals (Fig. 1)

An amount of 3.11 g of potassium hydroxide is added to 22.00 g of doubly dis-
tilled water and stirred at 0 °C (on ice) for 5 min. Next, 0.58 g of metallic alumi-
num powder is added under nitrogen flow, and the mixture is stirred at 0 °C for 15
min. After letting the solution warm to room temperature, stirring is continued for
1.5 h under nitrogen flow. The resulting solution is filtered to remove Fe(OH)s,
which is due to Fe as an impurity in aluminum, until a clear solution is obtained.
This solution is added to 14.34 g of Ludox under vigorous stirring, the latter hav-
ing been stirred between 5 and 10 min beforehand. After 3 to 6 min of further stir-
ring, the opaque gel is transferred to the PTFE vessel for crystallization at 175 °C
for 72 h under static conditions. The composition of the gel is 2.24 K,0-1.00
ALL0;-8.98 Si0,-164.40 H,O.

After crystallization, the pressure vessel is cooled in ice for 1 h before opening.
The product is centrifuged (4000 rpm, 8 min) and washed with boiling doubly dis-
tilled water until the pH of the supernatant becomes neutral. The crystals are dried
for approximately 16 h at 80 °C in air, yielding about 5 g of material. Subsequent
ion exchange is performed by suspending the material in 70 ml of doubly distilled
water and adding 4.0 g of potassium nitrate. After stirring this suspension for 5 h



12 A.Z. Ruiz D. Brithwiler, L.-Q. Dieu and G. Calzaferri

at about 50 °C, the zeolite is centrifuged (4000 rpm, 8 min) and washed until the
pH of the supernatant becomes neutral. Finally, the crystals are dried in air for 16
hat 80 °C.

KOH | HO | | Colloidal SiO2 (Ludox) ]

=

Cdoec @ RT

!
i

Metallic Al
powder

£.30°C—>RT
~— 145 h

l Filtration

Adding Ato B

Synthesis
gel

Hydrothermal treatment

72h Washing

procedure

Fig. 1. Scheme of the synthesis procedure for large zeolite L crystals.

Characterization

The following experiment was performed to conveniently check the success of the
synthesis. When zeolite L is added to an aqueous solution of thionine, aggregates
of the dye immediately form on the external zeolite surface. Upon boiling the
sample for about 1 min, a sudden color change from violet to blue is observed.
This effect is due to the insertion of the dye molecules into the zeolite L channels
where they can exist as monomers only. The blue color remains after cooling to
room temperature. If the test is negative (no color change), the additional charac-
terization methods are unnecessary.[7]

The products were analyzed by X-ray powder diffraction (using a Guinier cam-
era de Wolff Mk.IV, CuK, radiation, ENRAF-NONIUS and also a Stoe STADIP
powder diffractometer in transmission, CuK,; radiation, focusing Ge(III) mono-
chromator) for phase identification (Fig. 2). The patterns were compared to a stan-
dard pattern of commercial zeolite L (Union Carbide or UOP). Reference XRD
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patterns are also available from ref. 8. The morphology of the crystals was exam-
ined by means of scanning electron microscopy (JEOL JSM 840 and Hitachi S-
3000N). A homogeneous distribution of cylindrical crystals with hexagonal cross-
section and smooth surfaces is obtained. The average length of the crystals is 6 um
with an average diameter of 2 um.

100.0 A. Large Zeolite L Crystals

80.0

Relative Intensity (%)

40.0

20.04

]
N H It
! | | i | 1 .
I J;.:_JEJ.,WL.- AL LV R YOS U IPUYN W ST WY
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2Theta (°)

Fig. 2, X-ray powder diffractogram for large zeolite L crystals measured in transmission.

Comments

The reason for ion exchange is to have only potassium ions as exchangeable
cations. The final composition is obtained after the ion exchange.

B. Medium-sized Disc-shaped Zeolite L Crystals (Fig. 3)

An amount of 2.76 g of potassium hydroxide, 1.74 g of sodium hydroxide, and
0.62 g of aluminum hydroxide are added to 17.40 g of doubly distilled water and
refluxed for 3 h in an oil bath at 120 °C resulting in a clear solution. After letting
this solution cool to room temperature, it is added under stirring to 17.67 g of Lu-
dox, the latter having been stirred between 5 and 10 min beforehand. After 3 to 6
min of further stirring, the opaque gel is transferred to the PTFE vessel for crystal-
lization at 160 °C for 48 h under dynamic conditions (rotation at 40 rpm). The
composition of the gel is 5.40 K,0-5.50 Na,0-1.00 Al;05-30.00 SiO,—416.08
H,O. For the application of dynamic crystallization conditions, an oven equipped
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with a device enabling rotation of the PTFE vessels at various speeds is used (see
ref. 6 for details).

After crystallization, the pressure vessel is cooled in ice for 1 h before opening.
The product is centrifuged (4000 rpm, 8 min) and washed with boiling doubly dis-
tilled water until the pH of the supernatant becomes neutral. The crystals are dried
for approximately 16 h at 80 °C in air, yielding about 2 g of material. Ion ex-
change is performed as outlined in procedure A.

NaOH
KOH EA?(OH)JH HgOI ICnlioidai Si0: (Ludox)‘

U7 Refluxat 120°Cfor3h (o) RT

l Cooling to RT l
.
Adding A to B
Synthesis
gel
Hydrothermal treatment
48 h Washing
160 °C procedure
Dynamie

Fig. 3. Scheme of the synthesis procedure for medium-sized disc-shaped zeolite L crystals.

Characterization

Characterization was performed as described for Synthesis A. The X-ray powder
diffractogram is shown in Fig. 4. A homogeneous distribution of disc-shaped zeo-
lite L crystals with an average length of 0.35 pm and an average diameter of 1 um
is obtained.

Comments

Partial addition of sodium hydroxide vields disc-shaped crystals of higher quality
by reducing intergrowth. Aging the final gel in the closed PTFE vessel for 15 h at
room temperature before crystallization leads to crystals with an average length of
0.065 pm and an average diameter of 0.4 pm.
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J0o0 B. Medium-sized Disc-shaped Zeolite L Crystals
80.0
g
.g 6001
g
E
-3
kS
€ 400
[
20.04 i | ‘ ’
.
0.0 J L'“'""‘"‘""""'"‘"L‘u”""“u“alwl\wk[&«).‘.JL..._MJJ.JJM.JJ».J‘L hnut LY W
0.0 10.0 20.0 300 40.0 50.0 60.0 70.0 80.0
2Theta (°)

Fig. 4. X-ray powder diffractogram for medium-sized disc-shaped zeolite L crystals measured in
transmission.

C. Nano-sized Zeolite L Crystals (Fig. 5)

An amount of 4.84 g of potassium hydroxide and 1.56 g of aluminum hydroxide is
added to 20.00 g of doubly distilled water and refluxed for 15 h in an oil bath at a
temperature of 115 °C resulting in a clear solution. A silica suspension is prepared
separately as follows: 28.04 g of doubly distilled water are added to 12.02 g of sil-
ica powder and suspended for 15 min at 18000 rpm (Ultra Turrax mixer, IKA T18
Basic). This suspension is left between 30 min and 1 h, and mixed for 10 min at
18000 rpm before use.

An amount of 7.23 g of potassium hydroxide and 21.68 g of doubly distilled
water is added to the silica suspension and refluxed for 15 h in an oil bath at 115
°C. After letting the potassium aluminate solution and the potassium silica suspen-
sion cool to room temperature, the potassium aluminate solution is added to the
potassium silica suspension under vigorous stirring. After stirring for 3 to 6 min,
the opaque gel is transferred to the PTFE vessel for crystallization at 170 °C for 6
h under dynamic conditions (rotation at 16 rpm). The composition of the gel is
9.34 K,0-1.00 AL,05-20.20 SiO,—412.84 H;0.

After crystallization, the pressure vessel is cooled in ice for 1 h before opening.
The product is centrifuged (5000 rpm, 40 min) and washed with boiling doubly
distilled water until the pH of the supernatant becomes neutral. The crystals are
dried for approximately 16 h at 80 °C in air yielding about 1.5 g of material. Ion
exchange is performed as outlined in procedure A.
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Fig. 5. Scheme of the synthesis procedure for nano-sized zeolite L. crystals.

Characterization

The products were analyzed by XRD (Fig. 6) and transmission electron micros-
copy (Hitachi H-600-2 and Philips XL30 ESEM-FEG). Zeolite L crystals with
dimensions in the order of 30 nm are obtained, featuring a tendency to agglomer-
ate into larger clusters of 80-100 nm. The XRD pattern shows the line broadening
expected for such small crystallites.

D. Medium-sized Cylindrical-shaped Zeolite L Crystals (Fig. 7)

An amount of 3.18 g potassium hydroxide, 1.60 g of sodium hydroxide, and 2.21
g of aluminum hydroxide is added to 9.40 g of doubly distilled water and refluxed
for 3 h in an oil bath at 120 °C resulting in a clear solution. A silica suspension is
prepared separately as follows: 35.07 g of colloidal silica (Aerodisp W1226, De-
gussa, 26 wt.% of Si0,) and 6.39 g of doubly distilled water are mixed and kept in
an ultrasonic bath for about 10 min. After letting the potassium sodium aluminate
solution cool to room temperature, it is added to the colloidal silica suspension
under vigorous stirring. After further stirring for 3 min, the opaque gel is trans-
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ferred to the PTFE vessel for crystallization at 160 °C for 144 h under static condi-
tions. The composition of the gel is 1.73 K,O—1.41 Na,0—1.00 Al,O; —10.81
S10,—173.00 H,O.

100.0 l C. Nano-sized Zeolite L Crystals
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Fig. 6. X-ray powder diffractogram for nano-sized zeolite L crystals measured in transmission.
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Fig. 7. Scheme of the synthesis procedure for medium-sized cylindrical-shaped zeolite L crys-
tals.

After crystallization, the pressure vessel is cooled in ice for 1 h before open-
ing. The product is centrifuged (4000 rpm, 8 min) and washed with boiling doubly
distilled water until the pH of the supernatant becomes neutral. The crystals are
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dried for approximately 16 h at 80 °C in air yielding about 6 g of material. Ion ex- (7] G. Calzaferri, D. Briihwiler, S. Megelski, M. Pfenniger, M. Pauchard, B. Hennessy, H. Ma-
changeis i oAl TSRS as, A. Devaux, U. Graf, Solid State Sci. 2, 421 (2000).

p 5 [8] M. M. ]. Treacy, J. B. Higgins, R. von Ballmoos, Collection of Simulated XRD Powder Dif-
fraction ~ Patterns of Zeolites, Elsevier, 2001 (see also: http://www.iza-
structure.org/databases).

Characterization

Characterization was performed as described for Synthesis A. The X-ray diffrac-
togram is shown in Fig. 8. A homogeneous distribution of medium-sized zeolite L
crystals with smooth surfaces and an average length of 0.9 pm and an average di-
ameter of 0.7 pm is obtained.

M0 D. Medium-sized Cylindrical-shaped Zeolite L Crystaa
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Fig. 8. X-ray powder diffractogram for medium-sized cylindrical-shaped zeolite L. crystals
measured in transmission.
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