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The problem of controllable mesoporosity is at the 

forefront of zeolite research. Currently, diffusion barriers limit 

the catalytic applications of zeolites, whose micropores do not 

exceed 2 nm in diameter. Therefore, the introduction of 

tunable mesopores is essential to the optimization of zeolites 

for fast transport of bulky molecules and use in fields such as 

petrochemical and biomass processing.

One synthetic route to mesoporous ZSM-5 involves the 

orthogonal intergrowth of single-unit cell lamellae [1] to form 

a structure called self-pillared pentasil (SPP), in reference to 

the atomic arrangement in ZSM-5. We modified this synthesis 

by freeze-drying the zeolite precursor mixture to remove 

water and then re-adding a portion of the water. As a result, 

the average mesopore size increased from 5 to 10 nanometers.

Introduction

What is SPP?

Figure 3. HRTEM images of freeze-dried (left) and non-freeze dried (right) 

SPP particles, showing how the average pore width changes.
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Conclusions

We found that freeze-drying SPP precursor mixtures 

before hydrothermal treatment led to an increase in average 

mesopore size from 5 to 10 nm. However, mesopore size 

selectivity decreased, crystallization time increased, and 

particle size decreased. Most importantly, we were unable to 

synthesize freeze-dried SPP that showed any noticeable 

catalytic activity.

Our results suggest that the procedure of freeze-drying 

SPP needs refining. Future experiments could include using a 

different aluminum source to increase aluminum incorporation 

(and, subsequently, catalytic activity), adjusting hydrothermal 

treatment conditions to decrease crystallization time while 

preserving the SPP structure, and trying other methods for 

tuning mesoporosity, such as changing the concentration in the 

precursor mixture of the organic structure-directing agent.
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Figure 1. Schematic representation of SPP nucleation and growth [adapted 

from reference 2].
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Increased mesoporosity in ZSM-5 zeolite through freeze-drying

1. Silica oligomers combine to form small 

nanoparticles of amorphous silica.

2. During hydrothermal treatment, zeolite 

nanosheets begin to form from silica.

3. High-symmetry defect sites allow 

nanosheets to attach to each other at 90°

angles.

4. Mesopore channels form in between 

nanosheet intergrowths.

Figure 2. HRTEM image of SPP particle, showing the pattern of orthogonal 

intergrowths.

By freeze-drying the precursor mixture just 

before hydrothermal treatment and adding 

back water, we were able to control the 

proportion of water in the mixture.

An excess of water is initially needed to 

ensure that the precursor mixture does not 

develop into conventional (non-mesoporous) 

ZSM-5.

Crystallization
Time

Particle 
Diameter

Regular SPP 5 days 130 nm

Freeze-Dried 
SPP

21 days 50 nm

Figure 4. Effects of freeze-drying on particle growth.

Since the mixtures were freeze-dried after 

particles had nucleated, we were able to study 

the effect of freeze-drying on particle growth.

Freeze-drying SPP particles significantly 

slows their growth, and reduces the maximum 

size they can attain. After reaching a diameter 

of 50 nm, freeze-dried particles began growing 

isotropically to form conventional ZSM-5.

Figure 5. Typical pore size distributions for non-freeze dried (above) and 

freeze-dried (below, 30% water added back) SPP samples [adapted from 

reference 1].

Non-freeze dried SPP is selective for 

mesopores in the range of 4-6 nm. Freeze-

dried SPP is less selective, but exhibits larger 

mesopores.

To test catalytic activity, SPP samples are 

doped with aluminum, ion exchanged, and 

used as heterogeneous catalysts in the benzyl 

alcohol self-etherification reaction:

Freeze-dried samples showed no appreciable 

catalytic activity:

Figure 6. Product concentration versus time for the benzyl alcohol self-

etherification reaction. A higher slope indicates higher catalytic activity.


