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Abstract 

A Simulated Moving Bed Reactor (SMBR), based on the conventional Simulated Moving Bed (SMB) but 

comprising a homogeneous mixture of adsorbent and catalyst, can overcome the equilibrium constraints 

in the production of p-xylene based on the concept of processes intensification. By allowing xylene 

isomerization and adsorption in a single unit, it permits to reduce the consumption of raw materials and 

has huge potential to increase the p-xylene yield. In this work, the SMBR is investigated from modeling, 

simulation, and optimization point of view. Toluene and benzene were respectively considered as 

desorbent in the process. Experimental results of adsorption and reaction at higher temperatures than 

normally used in the industry was adopted in the modeling of the SMBR. The SMBR operation was 

modeled with the true moving bed reactor strategy. The arrangement of columns and optimum operating 

conditions such as switching time and flow rate that lead to maximum p-xylene productivity and minimum 

desorbent consumption were also determined. Additionally, for the first time the operating temperature 

was optimized and the heat integration in the process was discussed.  
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Introduction

A modified aromatics complex including a single stage 

crystallization unit allowing the further purification of the 

p-xylene rich stream from SMBR was proposed by 

Goncalves and Rodrigues (2014). Higher content of p-

xylene coming out of the SMBR reduce the eutectic 

constraints in the mixture of xylenes, which normally limit 

the recovery, placing the crystallization in a more valuable 

position. Therefore, a lower requirement of purity (70%) in 

the extract is required for the SMBR, which makes the 

homogeneous mixture of adsorbents and catalysts possible. 

The purpose of this work is the modeling of the SMBR unit 

based on an experimental study of adsorption and reaction 

carried out in liquid phase at higher temperatures than 

normally used in the industry (450-513 K). Additionally, 

the optimization of the operating temperature together with 

the arrangement of the columns, flow rates and switching 

time for the SMBR was carried out for the first time.  

Mathematical Model 

Kinetic parameters and activation energies of xylene 

isomerization and ethylbenzene (EB) disproportionation 

and transalkylation on mono-functional acid beta zeolite 

with SiO2/Al2O3 ratio (SAR) of 35 (BEA35), were adopted 

in the modeling of the SMBR unit (Shi et al., 2018a) (Shi et 

al., 2018b). The adsorption isotherms parameters of C6-C8 

aromatics (p-xylene, o-xylene, m-xylene, ethylbenzene, 

toluene, and benzene) over completely dry Ba exchanged 

faujasite zeolite obtained through batch experiment were 

also included in the modeling. Due to the EB-Toluene 

transalkylation over BEA35 under the conditions studied, 

two SMBR were proposed, one with toluene as desorbent 

without EB in the feed, and the other with benzene as 

desorbent including EB in the feed. The true moving bed 



  

 

reactor (TMBR) approach was used since the SMBR 

include a large number of columns and it can significantly 

reduce the computing time (Goncalves and Rodrigues, 

2014).  

Optimization of Flowrate, 𝝋, and Configuration 

Similar separation regions was found for different 

configurations, but they increase slightly as the temperature 

decreases. Successively, productivity for different 

configurations and desorbent consumption (DC) constraints 

were estimated with the purity of extract and the raffinate 

higher than 70% and 95%, respectively. The ratio of 

adsorbent to adsorbent plus catalyst weight ( 𝜑 ) was 

included in the optimizations. As expected, the ratio was 

always above 0.5 in order to achieve the desired purity due 

to the nature of the reverse reaction. The configuration 7-4-

11-2 showed the best performance and it was compared to 

the conventional arrangement of columns for PX separation 

5-9-7-3, as shown in Figure 1.  

For DC lower than 20 kg/kg, the maximum 

productivity was dominated by DC and increased rapidly as 

the DC constraint was relaxed. For greater DC, the 

maximum pressure drop per bed became the controlling 

factor.  Higher productivities were obtained at lower 

temperatures for low DC, caused by the reduced desorbent 

demand due to the lower reaction rates. Similar productivity 

was obtained for the two configurations at low temperature, 

while the difference was remarkable at elevated 

temperatures. More columns were obtained in zone 3 due to 

its’ higher xylene concentration and higher requirement of 

the purity in the raffinate than in extract. 

 
Figure 1. Variation of productivity with desorbent 

consumption for different configurations and temperatures 

Temperature and Energy 

The cost for increasing the temperature in the SMBR 

was also studied, a simplified scheme is depicted in Figure 

2. The objective function to be maximized was the amount 

of PX in the extract divided by the energy consumed within 

the process. The heat exchangers took into account the 

heating required for the streams of the SMBR according to 

the operating temperature. The feed was fixed and the inlet 

temperature of the feed was around the temperature of the 

condenser of the xylene splitter; while for desorbent was 

that of the condenser of the columns. As a first approach, 

the distillation columns were operated near atmospheric 

pressure. The duty of the heat exchangers and that of the 

condensers and reboilers of the columns were compared. 

The flow rates in the condenser and reboiler were estimated 

with the underwood equation and the enthalpy of 

vaporization was employed to calculate the duty associated 

to the distillation columns.  

 
Figure 2. Simplified scheme for the optimization of the 

operating temperature of the SMBR 

Conclusions 

A thorough study of a SMBR for the production of p-

xylene was conducted. After successive simulations and 

optimizations, it was concluded that the best configuration 

is 7-4-11-2 operating at corresponding DC of 20 kg/kg at 

513K with the productivity of 78 kg/m3h and deviation from 

the equilibrium of 1.41. 
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