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Abstract Summary 

The abundance of gas and coal, relative to crude oil, makes them desirable feedstocks for the production 

of chemicals through methanol as an intermediate.  ExxonMobil developed a Methanol-to-Olefins 

(MTO) technology based on SAPO-34 molecular sieve catalyst in a fast fluid bed reactor.  Scale-up of 

the reactor technology required (i) development of a kinetic model, (ii) demonstration of reactor and 

regenerator on a large demonstration unit, and (iii) development of a hydrodynamic model for the 

commercial-scale reactor. 
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The process of converting methanol to hydrocarbons 

over HZSM-5 was developed by Mobil in the 1970’s, and 

led to the commercialization of the Methanol-to-Gasoline 

(MTG) process.  Since then, other microporous structures 

have been discovered that convert methanol with high 

selectivity to light olefins, leading to the development of 

ExxonMobil’s Methanol-to-Olefins (MTO) process based 

on SAPO-34 catalyst in a fast fluid bed reactor.   

 

Over 25 years of fundamental study by both industry 

and academics resulted in the proposal of at least 20 

distinct reaction mechanisms for the conversion of 

methanol over these catalysts (Stocker, 1999).  The SAPO-

34 catalyst achieves nearly 80% selectivity to ethylene and 

propylene products.  These light olefin selectivities are far 

higher than would be expected from a mechanism based on 

the homologation of methanol.  Of the many mechanisms 

proposed for this reaction; our work by Xu and White 

(2000), validates the “carbon pool” mechanism proposed 

by Dahl and Kolboe (1996), and further identifies poly-

methylated benzene as the active carbon pool species.   

A good understanding of the reaction pathways and 

kinetics is necessary to select the optimum reactor 

configuration.  The SAPO-34 catalyst has an effective life 

of less than one hour, making a fluid bed reactor a good 

choice to allow for continuous regeneration.  Catalytic fluid 

bed reactors can be classified into three regimes based on 

the superficial gas velocity: (i) low velocity (~1 m/s) 

turbulent fluid bed reactors.  This regime provides for large 

catalyst holdups, but the turbulence of the solids creates a 

large degree of gas backmixing. (ii) high velocity (>10 m/s) 

transport bed reactor.  This regime achieves plug flow of 

the gas, but the high velocity results in low catalyst holdup.  

(iii) Fast fluid bed regime, with velocities between 2-10 

m/s.  This regime provides catalyst holdup greater than the 

transport bed, while still approaching plug flow of the gas.  

This regime is most desired for the MTO chemistry, 

however the tools to predict the hydrodynamic behavior of 

the fast fluid regime are least developed. 



  
 

Reaction Mechanism and Kinetics 

The original mechanism was believed to be the 

homologation of methanol into ethylene, propylene, 

butenes, etc.  The higher-than-equilibrium ethylene 

selectivities exhibited from small pore zeolites were 

attributed to the small openings causing diffusion 

resistance to the larger olefins.  However, modeling efforts 

did not support this mechanism.  Xu and White (2000) 

used 
13

C NMR to validate the “carbon pool” mechanism 

proposed by Dahl and Kolboe (1996), showing the pool 

consisting of poly-methylated benzenes.  Methanol 

alkylates the pool molecule to form poly-methyl benzenes, 

which rearrange and allow ethyl and propyl side chains to 

crack off as ethylene and propylene from the aromatic ring.  

Active sites that do not contain a pool molecule are 

believed responsible for undesired side reactions, which 

include oligomerization of light olefins, cracking, and coke 

formation.  Selectivity to the desired light olefins is 

therefore a strong function of the relative concentration of 

“pooled” versus “unpooled” active sites.  A detailed 

kinetic model was developed based on this mechanistic 

pathway. 

 

Deactivation of the catalyst occurs within an hour, and 

can be attributed to growth of the single-ring carbon pool 

species into multi-ring aromatics that block further 

reaction.  Regeneration is performed by burning the 

carbonaceous species from the catalyst.  This action 

eliminates the desired carbon pool sites as well, such that 

carbon pool must re-form when the catalyst is returned to 

the reactor.  Due to continuous regeneration, the catalyst in 

the reactor always consists of a distribution of pooled and 

unpooled active sites, such that undesired side reactions on 

unpooled sites cannot be avoided. 

Reactor Selection 

The catalyst in any of the fluid bed reactors is 

considered to be well-mixed.  Degradation of primary 

products occurs mainly on un-pooled (freshly-regenerated) 

catalyst, which is distributed throughout the reactor.  The 

selectivity to primary products is therefore maximized by 

(i) operating with a high average level of carbon pool on 

the catalyst, (ii) a reactor design that approaches plug flow 

with respect to the gas, and (iii) is operated with a limited 

extent of reaction.  The optimum conversion of methanol 

was determined to be 95%; higher conversions result in a 

significant decline in prime olefin selectivity.  The catalyst 

holdup required to achieve this conversion, coupled with 

the desire for plug flow of the gas, dictated a fast fluid 

hydrodynamic regime with a superficial gas velocity of 2-

10 m/s (Lattner et al, 2000). 

Reactor Scale-up 

Confidence in the design and optimization of the 

commercial reactor required several key developments: 

1. Kinetic model – The kinetic model was developed 

from isothermal, fixed bed laboratory reactor 

data. 

2. Demonstration of the reactor-regenerator in a 6” 

diameter by 80’ high circulating fluid bed reactor 

with regenerator.  This was located within the 

building shown in Figure 1. 

3. Development of a fast-fluid bed hydrodynamic 

model based on data from a large scale cold flow 

unit constructed by PSRI in Chicago. 

4. The kinetic and hydrodynamic models were 

combined to predict the behavior and allow 

design optimization of a very large, multi-riser 

circulating fluid bed reactor for 2.4 million tpa 

ethylene + propylene production. 

 

 
 

Figure 1 – ExxonMobil’s MTO Process 

Demonstration Unit 
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