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Abstract-Aging and compositional effects of silicalite layer synthesis on a quartz surface using the vapor phase 
transport method were studied. Silicalite layers can be synthesized from a wide compositional range when not-aged 
mixtures were used. But reproducibility of the film synthesis was low clue to tile heterogeneity of the starting mix- 
tures. In order to increase the reproducibility, both aging of the starting mixtures and compositional changes were 
attempted. Silicalite layer can be synthesized successfully on quartz surface within 0.3 of the ratio TPAOH/SiO> 
Higher ratio of TPAOH/SiO2 smaller crystals are formed. If the TPAOH/SiO2 ratio is larger than 0.3, tile fornled 
silicalite crystal cannot be attached on the quartz surface. When the TPAOH/SiO 2 ratio of the aged starting mixture 
was 0.28, requirements for both reproducibility and smaller crystal size resulted were satisfied. The crystal size 
and shape in the silicalite layer are also influenced by the water content in the mixture. The crystal size in the 
silicalite layer increases with increasing water content in the mixture. 
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INTRODUCTION 

Zeolites are finding widespread application in all fields of mole- 
cular recognition phenomena. No longer are they just of interest 
in the area of catalytic, ion-exchange and separation science. Be- 
cause they have uniform porous s~uctures and ion-exchange ca- 
pacity, zeolites have been endowed with selectivities in molecular 
shape and adsorption. Therefore, the applications for new materi- 
als such as zeolite film and membranes are very promising [Ma- 
tuskata et al., 1992; Bai et al., 1995; Liu et al., 1996] 

Zeolites are generally microcrystalline materials with typical 
crystal sizes in the range 0.1-200 gin. Zeolite coatings have many 
applications to catalysis, membrane separation and sensing mole- 
cules. Great interest has been focused on the synthesis of  zeolite 
membranes and films because of their uniform pore sizes, and 
thermal and chemical resistance. In recent years zeolite membranes 
have been prepared by in situ synthesis on porous supports, and 
these membranes were able to separate m i x ~ e s  by utilizing mole- 
cular sieving and selective adsorption of the zeolite pores [Co- 
ronas et al., 1997]. 

Zeolite films also could impart shape-selective properties to ce- 
ramic materials. The san-face areas of chemical sensors such as sur- 
face acoustic wave devices as shown in Fig. 1 [Bein et al., 1989; 
Plog et al., 1995] and semiconductor gas sensors [Moseley, 1992] 
could be increased by embedding zeolite films. In addition, the 
adsorption properties of zeolite films could be controlled by adjust- 
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Fig. 1. Dual delay-time configuration in the SAW device. 

ing the composition of the zeolites and/or by ion change. 
Zeolite coatings on supports can be synthesized by in situ syn- 

thesis [Yan et al., 1995] or by applying a zeolite phase synthesiz- 
ed [Sterte et al., 1997]. In this work, synthesis of silicalite crystal 
layers on quartz surface using the vapor phase transport method 
was studied. In comparison with the conventional hydrothermal 
synthesis method, the vapor phase transport method can cut down 
both the amount of chemicals spent and pollution problems. As 
liquid, sols or mgxtures of specific compositions can be transform- 
ed into silicalite structure in autogenous vapor pressure at 150 ~ 
[Jung et al., 1998]. In addition, a silicalite layer on the quartz sur- 
face can be synthesized by utilizing this method. Aging and com- 
positional effects of the starting mixtures on the synthesis of sili- 
calite crystal layers were studied With a view to increasing the re- 
producibility of  the silicalite film synthesis, fully aged homoge- 
neous mixalres were employed and tested as starting source ma- 
terials. Both optimum conditions and composition for the synthe- 
sis of silicalite layer were sought in order to increase reproducibi- 
lity in the synthesis. 
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EXPERIMENTAL 

Single crystals o f  q u i z  plates (its diameter and thickness were 
2.54 cm and 1 mm, respectively) were employed as support ma- 
terials. Tetmpropylammonlumhydroxide (TPAOH 40 ul% John- 
son Matthey Eleclronics, and 20 wt% Aldrich~ Ludex AS-40 and 
Telraethylorthosilicate (TEOS) (Aldrich Chemical Company Inc.) 
were used as source materials for the synthesis of  the silicalite 
layer. With aview of coating siScalite film on the specific ~ e a o f  
the quartz surface, an organic polymer material (AC-828, Adcoat 
CO.) was employed as amasking substance. 

Not-aged starting source materials were added on the specific 
area (0.25 cm 2) for the synthesis in sequence as follows: a few 
drops (one ortwo ~ p s )  of aqueous TPAOH solution was put on 
the specific area, and then a few ~ops of  aqueous silica solution 
was added to the previous TPAOH solution with amieropipette. 

Aged mixtures were preparedby overnight stirring with arotat- 
ing magnetic bar in a bottle made of  polyethylene. A ~op of  start- 
ing mixture was put on the specific area of  the plates. Distilled 
water (5 g) was also put on the bottom of the Teflon vessel�9 The 
volume of the Teflon vessel occupied by liquid and gas was 40 
ml. A pressure vessel containing the quartz plate, as shown in Fig. 
2, was sealed and kept in the air heated oven at 150 ~ for one 
day. A hydrothermal equilibrium state is established between the 
m ~  and water vapor with heating. Silicalite was formed in this 
hydrothennal state. A f te r  synthesis, the bomb was cooled down by 
air. The resulting silicalite layer attached to the quartz surface was 
washed with distilled water, and calcined at 823 K for 5 hours. The 
siGcalite layers were then investigated with XRD analysis and scan- 
ning electron microscopy (SEM). 

RESULTS AND DISCUSSION 

To observe the compositional effect on the synthesis, fiwee stint- 
ing compositions were prepared and those mole ratios were as fop 
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Fig. 3. SEM r the mlfface oF the Sllicalite layers synthesized wRh 
different compositions. 
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Fig. 2. Experimental m'ragement for the synthesis of sllicaRte-1. 

lows: (a)0.14TPAOH-SiO2-11H20, (b) 0.24TPAOH-SiO2-25H20, 
(c) 0.28TPAOH-SiQ-20H20 and (d) 0.43TPAOH-SiO2-25H20. 
Silicalite crystal layers were formed on the qumtz smface as shown 
in Fig. 3. When the starting mixtures were not aged, silicalite 
layers were successfully synthesized fi,om the wide composition 
range. A lump of  amorphous silicate phase was also found over 
the silicalite layer u&en the pressure vessel was cooled down and 
opened. The silicalite layer was covered with an amorphous phase 
A few silicalite crystals were sparsely positioned in the amorphous 
phase. Both the amorphous silica phases and the silicalite crys- 
tals located in the amorphous phases w~e easily removed by wash- 
ing. The size of  the silicalite formed was decreased with increas- 
ing TPAOH content in starting materials. In lowTPAOH content 
a large size o f  silicalite resulted and intergrowth between crys- 
tals was good as shown in Fig. 3(a), (b) and (c). In case o f  high 
TPAOH content mlall sificalite was obtained and intergroulh was 
poor. The existence of  cations is known as essential in most zeo- 
lite syntheses. Without cation sources (Na +, TPA+), no ZSM-5 crys- 
tals can be formed, Cations are believed to function as structure- 
directing agencies or nuclei sites fi~om the reMions with anions such 
as silicates or aluminosilicates. The sites such as Na  + and TPA + 
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enclosed ~ silicate anions are believed to be active sites for nu- 
cleation. Also, these cation sites are also regarded as starting points 
of  o3,stallization [Jung et al., 1998]. It can be deduced that the num- 
ber of nuclei is increased with increasing content of TPAOH; there- 
fore, crystal size is decreased, and intergrowth between crystals is 
also decreased. 

Aged starting mixtures having the same content were also em- 
ployed to evaluate the aging effect. In the cases where the aged 
mixtures (a) and (b) were used, the same results as the one fixan 
the not-aged were obtained as shown in Fig. 3(a) and (b), respec- 
tively. Both crystal layers and shapes obtained fixnn the aged were 
the same with those fi~m the not-aged mixtures. However, no sili- 
calite crystal stuck on the surface was found when the aged mix- 
ture (d) was used as shown in Fig. 3(e). A powder fonn of  silica- 
lite was synthesized only. We know that the aging effect is less im- 
portant at lower TPAOH concenlration than at higher TPAOH con- 
centration. 

When the not-aged mixtures are used, silicalite layers can be 
synthesized in the urider composition range. However, reproduc- 
ibility in the film synthesis was low due to the heterogeneity of  
the starting mixtures. Reproducibility is an important factor in ap- 
plication for industrial processes and quality control. The repro- 
ducibility can be improved by employing a homogeneous aged- 
mixture. The not-aged mixture was changed into a single aged 
phase by continuous stirring. Thus, the not-aged mixtures were 
stirred for 12 hours for the synthesis. 

When the TPAOH/SiO~ ratio of the aged mixR~ was over 0.40, 
no silicalite layer was formed, but powdery crystals r e s u l t e d .  Larger 
crystal size resulted when a smaller TPAOH/SiQ rmio was used. 
Smaller crystal is better for obtaining quick responses in applica- 
tions for chemical sensors. Therefore, the optimum condition for 
the synthesis of smaller crystal attached on the surface was searched 
with the aged mixtures. When the aged mixture of 0.28TPAOH- 
SiO2-20H20 (aged) was used, relatively smaller crystal was suc- 
cessfully formed on the quartz plate as shown in Fig. 3(c). The 
XRD patterns of  silicalite-1 formed on the surface layer are shown 
in Fig. 4. 

The crystal size and shape in the silicalite layer is also influ- 
enced by water content in the mixture. The crystal shape in the sil- 
icalite layer becomes thinner and larger x~4th increasing water con- 
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Fig. 5, SEM images of silicalite layers obtained from different 
water compositions. 

tent as shown in Fig. 5. With increasing content ofurater, the mo- 
bil@ of  silicate anions increased; as a result, silicate anion is 
easier to fred out the optimum points to be assembled Thus, the 
crystallinity o f  the sample in Fig. 5(b) is higher than that o f  the 
sample in Fig. 5(a). 

When the excess silica source (AS-40) was added to the quartz 
surface slightly wetted with TPAOH solution, the silicalite crys- 
tals grew within the excess amorphous silica phase as shown in 
Fig. 6(a). It is considered that the silicalite crystals started to grow 
up from the nuclei at the quartz atrface to the upper direction. A 
small portion of TPAOH was mixed with the excess silica by 
convection flovr thus, a few silicalites grew in the silica phase as 
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Fig. 6. Silicalite crystals mid film grown in excess silicaphase, 
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Fig, 4. The XRD patterns of silicalRe- 1 grown on the quartz surface, 
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shown in Fig. 6Co ). Also, amorphous silica around silicalites was 
lransferred to the silicalite surfaces through the condensed aque- 
ous phase, and then transformed into the silicalite structure. 

the silicalite structure. 

A C K N O W L E D G E M E N T  

CONCLUSIONS 

The vapor phase transport method for the synthesis of  silica- 
lite layer can cut down the amount of chemicals used and reduce 
pollution problems. Employing the not-aged mixtures for the syn- 
thesis of the silicalite layer enlarged the composition range of the 
starting mixture. However, the reproducibility of the silicalite film 
synthesis was low due to the heterogeneity of starting mixtures 
when the not-aged mixtures were used. In order to increase the 
reproducibility in the synthesis of small silicalite layer, an opti- 
mt~n content of aged mixture was searched for. When the TPAOH 
/SiO2 ratio of  the aged mixture was over 0.40, no silicalite layer 
was formed~ but powdery crystals resulted. Larger crystal size 
resulted when a smaller TPAOH/SiO2 ratio was used. At lower 
TPAOH content, crystal sizes were larger and intergrowth between 
crystals was better. The size of silicalite formed on the quartz sur- 
face decreased with increasing TPAOH content in starting mixtures. 
Smaller crystal is better for obtaining quick responses in appli- 
cations for chemical sensors. At higher TPAOH content (TPAOH 
/SiO2 ratio<?.4), smaller silicalite resulted and intergrowth between 
crystals was lower. Therefore, the optimum condition for the syn- 
thesis of smaller crystal attached on the surface was the aged mix- 
ture of 0.28TPAOH-SiO2-20H20 (aged) as shown in Fig. 3(d). 

The crystal size and shape of the silicalite layer are also influ- 
enced by water content in mixture. The crystal shape in the sili- 
calite layer became thinner and larger with increasing water con- 
tent due to the increased mobility of silicate anions. Silicalite crys- 
tals started to grow up from the nuclei on the quartz surface wett- 
ed with TPAOH solution. However, a small portion of TPAOH 
was mixed with the excess silica by convection flow; thus, a few 
silicalites grew in the amorphous silica phase. Also, amorphous 
silica around silicalites was transferred to the silicalite surfaces 
through the condensed aqueous phase, and then transformed into 
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