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Aligned Zeolite Layer from the Steaming of Precursor Film

The preparation of zeolite film with control thickness and aligned crystalline orientation or regular surface pattern
was accomplished through the steaming of pre-coated precursor layer. The conversion of precursor layer to zeolite
film under humid heating is a new approach different from the in situ growth of zeolite film under hydrothermal
reaction. The thickness of the film is directly controlled by the amount of precursor applied, and the surface
morphology could be altered by the type of surfactant employed. For thin film, the low refractive index of zeolite
made it a perfect AR coating for glass panels. For thicker coating where aligned crystals were formed, optical-
electronic application may be possible. The wetting property of the film also changed with the thickness and the
structure. It was hydrophobic for well crystalline film, but changed to hydrophilic when thinner film was formed.

Zeolites are microporous crystalline materials, routinely used as
catalyst, ion-exchanger and adsorbent. Zeolite can also be grown or
coated on substrate to form a film. The potential applications for
zeolite coating ranged from molecular selective sensor, electrode,
catalyst, optical and electro-optical component, low k dielectric film,
and corrosion resistant as well as antimicrobial coating for metals.
Among the possible optical applications, the most direct one would
be an anti-refractive coating for glass panels. Due to its microporosity
and thus low density, zeolite has a refractive index (n) typically ~1.3,
which is close to the required refractive index n=1.25 for an single
layer anti-reflective coating on glass. Therefore, very effective anti-
refractive zeolite coating on glass can be made as long as it forms a
strongly adhered transparent layer. 

The other potential use of using zeolite in electro-optics could be
traced to that demonstrated more than a decade ago by Ozin, who
prepared CdS clusters in the ordered cavities of Y zeolite single crys-
tal to form aligned quantum dots. Marlow et al. later demonstrated
that dipolar chromophores (p-nitroanilin) adsorbed in large AlPO4-5
crystals aligned into long dipole chain and acted as second harmonic
generator. Following the same direction, Calzaferri et al. loaded
zeolite L with dye to prepare an optical antenna. However, to realize
these potential opto-electronic applications, the zeolite framework
must be grown to a manageable size or coated on substrate as
crystallographic aligned film. For the later case, it may also be desir-
able that the coated film is transparent.

The coating of a zeolite layer on a dense substrate is not difficult,
but the controlling of thickness, transparency or crystallographic
orientation is more challenging. In the earlier days of zeolite synthesis
studies, a layer of zeolite was often found on the TEFLON lining of the
hydrothermal reactor afterward. This was considered unwelcome and
the complete removal of the deposit from the vessel was necessary
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to start a new synthesis. This is the fact behind most
developments on the in situ growth of zeolite film docu-
mented in the past decade. In short, a substrate, some-
time seeded with zeolite nuclei, is immersed in a synthe-
sis solution under hydrothermal condition to grow a zeo-
lite layer. With proper adjustment of synthesis conditions,
preferred oriented zeolite crystals could be obtained, but
the control of thickness would be difficult, not to mention
the transparency.

We have taken a different approach to prepare zeolite
film with controlled thickness. Starting from a clear
precursor solution for colloidal size MFI zeolite (silicalite),
a coating sol is prepared where suitable surfactant is
incorporated. The sol is coated on substrate by conven-
tional means then converted to zeolite film by heating
under humid conditions. By controlling the concentration
and aging time of the precursor sol, we were able to
manipulate the zeolitic property of the silica enteritis in
the precursor sol. By controlling the humidity and thick-
ness of the coated precursor film, as well as the addition
of surfactant, we were able to adjust the aggregation and
growth of the precursor into zeolite. Strongly bonded
layer of MFI zeolite on glass, silicon wafer and in some
cases polymeric substrates had all been prepared. Thin
film below 100 nm or thick film above micrometer can
easily be achieved with the same approach. The coatings
obtained were transparent if the thickness is below 200
nm, and showed a preferred orientation when thicker
then a 500 nm, if prepared under proper conditions. 

The MFI zeolite precursor sol was prepared with TEOS,
TPAOH (40% Merck). A mixture of TEOS/0.25 TPAOH/80
H2O was stirred for about 45 min until hydrolyze into a
single phase clear sol. It was then concentrated in a rotary
evaporator to a transparent viscose fluid at SiO2 ~30%
w/w. This viscose sol was aged for a period at 80˚C until
the viscosity dropped, then diluted to <4 wt% with EtOH,
adding surfactants to prepare a coating sol.

Precursor film was dip or spin coated on to different
substrates. The coated substrates were left at room
temperature for 30 min before subjected to steaming. In
most cases, a stainless steel autoclave was used, but a
food container and microwave oven was found to work
for some cases. A layer of surfactant expelled from the
silica coating was observed after the steam treatment.
This surfactant can be rinsed away with ethanol to finish
the process. Calcination was only possible for films coated
on glass and silicon wafer, and was done at 500˚C under
air flow.

For ~ 100 nm thick film coated on glass, excellent
anti-reflective effect was observed, as demonstrated by
the reflectivity measurement showed in Figure 1.
However, when the coating is above 200 nm, strange
surface morphology starts to appear. In addition, the
choice of surfactant changes the surface morphology. For
example, adding polyoxyethylene sorbitan monostearate
type surfactant ( Tween-20, Tween-60), the surface
displayed triangular shape terrain. Comparatively, Triblock
copolymer EO20PO70EO20 surfactant (P123) led to
rectangular shape terrains as demonstrated in Figure 2.
Finally, when the thickness of the coating reached about
1 micrometer, well aligned crystals are formed on the
surface as depicted in figure 2, after steamed under
appropriate conditions. The contact angle of the coated
film is also varied with the film thickness. When large
crystal facets are observed, the film exhibits super-
hydrophobic (water contact angle > 120˚) effect, as would
be expected from the hydrophobic nature of silicalite
itself. However, thinner film are super-hydrophilc (water
contact angle < 5˚) and organophilic (nC8 contact angle
<5˚). The true reason for such behavior is not yet
understood, but may be related to the hierarchy pore
structure of the coated film.

NSSRC Synchrotron radiation was used in our earlier
development of the steamed fi lm to confirm the
orientation of the coated zeolite.
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Fig. 1:  Zeolite film as AR coating on glass. The refractive index
of the zeolite layer is about 1.27 and the thickness varies from
110 nm to 155 nm. The insert show the effect of AR coating on
the left side under light.
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Fig. 2:  AFM pictures demonstrating
(A) the growth of aligned zeolite
crystals from a thick coating of
precursor sol after steaming. (B, C)
Thinner coating using Tween-20
sur factant showing triangular
surface morphology. (D) Same type
of coating with P123 surfactant
showing rectangular surface mor-
phology.
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