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Figure 2. Benzene alkylation with propylene 
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Introduction 
Zeolites present an important class of catalysts because of their specific properties 

such as high Brønsted acidity, high thermal stability, facile regeneration and shape selectivity. 
The shape selectivity is obtained by the microporous framework that has a dimension similar to 
that of the reacting molecules. The drawback of this size similarity is that diffusion is greatly 
slowed down, resulting in mass transfer limitations. Therefore, much effort has been put into 
reducing crystal sizes [1]. However, small crystals tend to organize into agglomerates, leading 
to intra-agglomerate mass transfer limitations [2]. In this study alkaline treatment [3] was 
applied on mordenite crystal agglomerates to enhance accessibility, thereby alleviating 
diffusion limitations to use their full potential in catalysis. 
 
Materials and Methods 

LZM-5, a sodium mordenite with silica to alumina ratio (SAR) of 12 is converted 
into the proton form (Parent-H-MOR) via the ammonia exchange followed by calcination 
route. Two grams of Parent-H-MOR were stirred in 100 ml 1 M sodium hydroxide solution at 
343K for 15 minutes. The sample was subsequently washed and filtered with demineralised 
water until the pH of the filtrate was neutral. After drying at 333 K the resulting solid is re-
converted into the proton form [1] and is named Alkaline-H-MOR. 
Porosity was studied with N2 physisorption using a Micromeritics Tristar 3000 at 77 K. 
Morphology and crystal sizes were determined with a Tecnai FEI XL 30SFEG scanning 
electron microscope (SEM). Electron Tomography (ET) was recorded on a Tecnai 20 
Transmission electron microscope (TEM). 
For the alkylation reaction approximately 1 g of catalyst and 270 g of benzene was loaded into 
a nitrogen purged one liter autoclave. After raising the temperature to 150 ºC approximately 38 
g of propylene was fed to the reactor resulting in a benzene to propylene molar ratio ~4. The 
reactor was then pressurized to 40 bars by feeding nitrogen.  
 
Results and Discussion 

Figure 1A shows the SEM image of the LZM-5 sodium mordenite and illustrates 
the morphology. The sample consists of uniform coffin shaped crystallites with typical 
dimensions of ~100×40 nm. These crystallites are organized unidirectional forming larger 
agglomerates of about 0.5-2 μm. Alkaline treatment resulted in an increase in external surface 
area and in the formation of mesopores with an average diameter of 25 nm. Importantly, the 
micropore volume is preserved. Due to the small crystallite size the mesopores are expected to 
be inter-crystalline and intra-particle.  

 

 
Table 1.  

Catalyst N2-physisorption ICP Catalysis: Alkylation  
 Vmicro 

(cm3⋅g-1) 
Aext 

(m2⋅g-1) 
Vmeso 

(cm3⋅g-1) 
SAR initial rate 

(mol⋅g-1⋅s-1) 
cumene 
sel. (%) 

 
 

Parent-H-MOR 0.17 36 0.03 12 5.9⋅10-4 83  
Alkaline-H-MOR 0.17 85 0.36 10 5.9⋅10-3 86  

Electron tomography was used to study the porosity. In Figure 1B the Parent-H-MOR is 
depicted. The particle is very dense with some inkbottle type pores present. After alkaline 
treatment, Figure 1C, an open particle is observed with mesopores of ~25 nm, which is in 
agreement with the N2-physisorption data.  
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Figure 1. A) SEM image of Parent-H-MOR, B) ET reconstruction on the Parent-H-MOR, C) 
ET reconstruction on the Alkaline H-MOR. 
 
The alkylation reaction of benzene with propylene to form cumene was chosen as a model 
reaction to study the effect of the introduced mesoporosity on the activity and selectivity. As 
can be seen in Figure 2 and Table 1 the catalytic activity is greatly enhanced. The selectivity 
towards cumene was similar for both samples with the Alkaline-H-MOR performing slightly 
better. 
 
Significance 
Alkaline treatment was applied to 
introduce mesoporosity in mordenite 
particles. This alleviates diffusion 
limitations in mordenite and results in 
improved catalytic performance. 
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