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Report: 
 
Zeolites are industrialy viable since they are selective ion exchangers and very efficient solid catalysts. 
Aluminium containing zeolites are of interest as they display unique catalytic properties. In fact aluminium 
introduces a negative charge in the framwork, thus giving rise to acidity which provides the catalytic activity. 
Recently nanoscopic species1,2 (2-4 nm) have been observed using SAXS and TEM in the reaction mixture of 
the pure silica ZSM-5 organic mediated synthesis and have been proposed to play a key role in the nucleation 
and crystal growth. Those nanoparticles appeared to be tablet like. Therefore, a series of in situ experiments 
was perform to investigate the effects of varying the Si/Al ratio in the synthesis solution. A combined 
SAXS/USAXS study allowed us to probe the influence of aluminium in both nucleation and crystal growth. 
Those measurements were performed at the ID02A beamline using high brilliance synchrotron radiation.  
 
Results:  
 

SAXS/USAXS involved the synthesis mixtures described in Table 1. 
 

 Silica source Template Si/Al mole ratio 
S1 TEOS TPAOH ∞ 
S2 TEOS TPAOH 150 
S3 TEOS TPAOH 100 
S4 TEOS TPAOH 50 

 
These starting solutions all lead to MFI formation upon heating and catalytic tests proved that 

aluminum is incorporated in the zeolite framework. 
 



Figure 1 shows the SAXS patterns of the starting solutions S1, S2 and S3. At room temperature and 
after the silica dissolution, several peak maxima can be observed . They contain a well defined particle 
population with a different size depending on the alumina concentration. 
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Upon heating it has been observed that these small particles disappear in favor of the formation of larger 
entities, not yet exhibiting Bragg reflections, and designated as intermediates. Figure 2 shows SAXS patterns 
of S1, S2 and S3 after 25 min. heating at 125°C.  
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Those intermediates are present throughout the nucleation and their size slightly increases (not shown). 
Nevertheless, we observed their consumption at the beginning of the crystallisation and the scattering is 
mainly due to the appearance of the first crystals. The notable fact is that no other particle population was 
observed in the 2-50 nm range (50 nm is the size of the first crystals). Only a small fraction of them 
transforms into viable nuclei and the rest is used for the crystal growth. 
 
 
 
 
 
 
 
 
 

Surprisingly, the use of aluminum
leads to slightly smaller particles at
RT. Indeed the characteristic lengths
are 3.7, 3.61 and 3.53 nm for S1, S2
and S3 respectively.   
This can be a direct proof for the
incorporation of aluminum inside the
particles. In that case, aluminum
changes the ionic strength
(incorporation of a negative charge)
of the nanoparticles and the colloidal
chemistry is greatly influenced.  

Those intermediates have characteristic
lengths of 11.41, 10.47 and 9.97 nm for S1,
S2 and S3 respectively. Increasing the
aluminum content leads to a decrease of the
size of those intermediates. A previous
study1 on the all silica system suggested
that these intermediates result in the
aggregation of the smaller particles.
Consequently these results strengthen our
confidence that energetically favorable
aggregation of the RT formed nanoparticles
occurs. 

Fig 2 

Fig 1 



USAXS results showed the crystal growth rate and particle size at different aluminium content. 
Increasing the alumium concentration in the synthesis solution affects the crystal growth rate to an 
appreciable extent as seen in Fig 3 . The increase of the aluminium concentration in the starting solution 
reduces the crystal growth rate but increases the size of the final crystals. However, S1 (no aluminium) was 
found to have a crystal growth rate lower than the ones with a Si/Al equal to 150 and 100. We still are 
doubful on this since we lack of numerous data points for this synthesis. 
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 The results presented here show that combined SAXS/USAXS experiments are a powerful tool to 
study in situ the crystallisation of colloidal zeolites. The mechanism appears unchanged with the 
incorporation of aluminium. Based on these results we suggest that ZSM-5 crystals form in an organic 
mediated synthesis as follows: very well defined nanoslab are formed at RT due to the interactions between 
the organic template and silicates species. Upon heating, energitically favorable aggregation occurs and 
crystal growth is then accomplished by eliminating water molecules at the interface and oriented attachment. 
This attachment is most probably influenced by the aluminium content since negative charges have been 
introduced in the nanoparticles.  

 
NB : Other results involving ZSM-5 formed from silicic acid as silica source have been performed. A 
publication on those experiment combined with other techniques is being written. 
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